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Correspondence 



DIPAITMINT Of KIAL TH t. HUMAN lllVICll 

NOA 20-.450 

P•rt.-Davil Ph1rmac.uttcal A-•rch 
otvtston of Warner .. Lambert ComP9nY 
Att•nteon: Ma. Janeth L Turner 
2100 Plymouth Road. P. 0. Box 104 7 
Ann Arbor, Ml •1108·1CM'7 

De•r M1 Turner: 

,.... Ind DNe ...... Idun 
ftaci\ltttt MO JOll? 

PlelH ,.,., to your July 141 1984 new drug appttcat,on 1nd your retubml11t0n d1tld 
FebNlty 22. 1118 1ubmftted under Hctton 505(b) of the Fedet1I Food, Dfug, It'd 
Coemetio Aot for Cerebp9 (foaphenytotn IOdtum) tnjec\'°n 76 rnglmL (90 mglml PE). 

W. 111a acknowtedg• recetpt of your lddltionlt oorreepondenoe 1nd 1mendmant1 datta: 

Pebruary 27. 1888 
March 13, 1111 
March 14. 1111 

April 12. 1189 
May 1. 1118 
May 2. 1911 (2) 

Thtl naw drug appHcat,on provld• for the '°"Owing; 

Maya, 1118 
Juty 12, 1HI 
Juty 30, 1898 

Cerebyx9 ii 'ndte1ted for ahott-term partnteral ldmtnfttr9tton wnen other 
me1n1 of phlnytoln lldnatnittration are un1v1ltable. tntppropf'ilte or dMmed 
1t111dv1rageou1. Tht uflty Ind effeottven•11 of Ctr•byX- ln thil ut• h•• 
not bffn 1yettmattally 1v1lu1ttd for more than I d1y1. 

C•rebVX- c.n be uHd for th• oontroa of gener1H1td eonvullive 1t1tu1 
epll1ptfeu1 ind prevent•on •nd prevention and trtatment of Hlzur• 
occurring dunng neuroaurgery. tt can 1ho be 1ub1tttuttd, ahort·tenn, for oral 
phenytoln. 

WI hlV• completed the teYteW of thil •PPllOltlon lnc!uding th• IUbmlttld drift labeH"g •nd 
hive oonctuded th8t •dequate Information hu o.-.n PtaMnted to deman1tr1te lh•t the 
dNg product ii 11fe and 1ff8ottv1 for UH'' rr omm•ndld In th• draft tlNHnl in the 
1Ybml111on dated July 12. 1881 with the , .. 1i1ion1 tilted below. Aaoording~, the 
apptlcltion i11ppro~td 1fflcltv1 on the d•t•., thll letter. The rtvie&fon1art11 foflow•: 

1 . Ple111 correct th1 legend to 'kc·~" ~ to tt1d " ... 1 zoo mg PE Cerebyx lnfuMd .. ," 
rather than ..... 1200 mo C•ntbr~ ;"fu~~ .... " 

2. WARNINGS; Uu91 In P,.gm.,.1cy. Cllnie•t· 1eotion 
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8. Rl1k1 to ttt. Fetui. 

Parmgreph 1, t11t Hnttnae: pie- cnenge "contribution" to 11oontribution1". 

3. WARNINGS: Uaag• in Preon•ncy: pt9G/lnJc•I: section 

Th• wording of dOH oomparilona end plaama tevel d1t9 1hauld be m1d1 conMtent 
•• fotlowl: 

P•f'I 1, aentence 2: ... (1pproximltely 30,. of tht mulmum human lo8dlng dote 
or htgh1r on 1 mg/m1 baaia), whtch produced pe1k maa.mat 
pt1am1 phenytotn concentr1tton1 of 1pproxtmltely 20 ~g/mL 
or greater. 

P•ra 1 Mntence •: ... (•ppro>etrnatety 10~ of th• maximum human loading fjot• 
on• mg/ml baala) .... 

Par12, Hntence 1: .. (1ppr0Jelm1tely 50'4 ... . 

P•r• 2. umenctt 2: ... (1pproxtm1tety 120'K ... . 

4. PRECAUTIONI; Carainog1ne1la, Mutqennta, tmpainMnt of Pertutty; MGtiOn 

Para 3, lilt Hntence. . .. at doan of 10 mg PE/kg or higher (approxlmltely 
40 ~ of the maximum hurn1n I01ding dOM or ~lgher on 
a mglm1 b1at1). 

Thne r1vflton1 are t•lml of the NOA approval. Markettng the product befor• m•klng th• 
revtlionl, n.atty • requeat.d, an the produof• ftn.1 printed labtNng (l'PL) may render the 
product mtlbranded and an unapprovld n9W dNg. 

Pt11u 1ubmlt 1ixt .. n oopie1 of the FPL 11 toon H lt l1 •v1ifable. in no GIH mOf9 than 
30 dllYI .ttet It ii printed. PfHH individually mount ten of the copln on heavy wetght 
papar or 1imH1r m1t1rta1. For 1drnint1trlttve purp0111 thlt 1ubmtal6on thoutd be 
d11i9n1ted "FINAL PRINTED LAB!LINO" for 1pprovtld NOA 20-450. Approval of thtl 
aub'""8ion by FDA ti not NqUlred before thl t1bellng ta Ultd. 

Should additional '"formatton rttating to the ufety ind 1ffectivena11 of the drug become 
•vadablt. reviaton of that labe.ling may be required. 

'h••• IV Commitment 
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We remind you of your Ph•• 4 commitment 1pecifled in your eubmiaaion dated Apnt 12. 
1888 and *'1ended on July 12, & 30, 1999. Thia commitment ia Hated below. Protocols, 
datll, and ftnw~ rwporta should be •ubmitted to your IND for th'• product and a copy of the 
cover tatt•r Mnt to thta NOA. For 1dmlnl1tr1tlve purpou1, all 1ubmla1ton•. 'ncludh1g 
labeling aupp'9ment•, rel•ting to th" Ph•M • commttment mu1t be cte•rty de1ton•tad 
"Ph• .. 4 Commttmant." Yo\lbommitment ta 11 foUowt: 

In lddition, plll1u 1ubmtt thrH copte1 of the lntroduotory promotlonaf mlterial th1V ~ou 
propo•• to uu for thta produot. AH propOHd m1t•rf•I• 1hould be aubmmed In draft or 
modc·up form, not ftn1I prtnt. Pie••• aubmjt one copv to thtt DtvMn of 
Neuropharmaoologtcat Drug Producte 1nd two coplu or both the promotiOnal mlterilf and 
the package tn11rt dtreotly to: 

Food and Drug Admtnlatration 
Dlvi1lon of DNQ Markettng, Adve..Uing and Communlcatlont, 
HFD-40 
5800 Fi1her1 Lane 
Aockvilltl, Maryland 20857 

We remd you that you mu1t r.omp~ With the requirementa for an approved NOA Mt forth 
und9r 21 CFR 314.80 and 314.81. 

tf you have any que1tion1, pleaH eonlaot: "obbtn N1gn1wenmr, R.f'h. 
Regutatory M1nagement Officer 
(301) 894-2171 

Sincerely youra. 

Obert Im::~ 
Dtractor 
Office of Drug Evalu1tion I 
Center for Drug Evaluation 1nd ReMaroh 
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Parke-Davis Pharmaceutical R•aearch 
Division of Warner-Lambert Company 
Attention: Ms. Janeth L. Turner 
2800 Plymouth Ro•d, P.O. Box 1CM7 
Ann Arbor, Ml 48106-1047 

Dear Ms. Turner: 

food Ind ONG Admlnllntion 
Aor.kvtlle MD 208&7 

FEB 23 la 

Pl•••• refer to your July 14, 1984 new drug application (and your re1ubmi11ion dated 
February 22, 1995) 1ubmitted under aectlon 505(b) of th• Federal Food; Drug, and 
Co1m1tlc Act for Cer1byx9 (fo1phenytoin aodium) Injection 76 mg/ml. 

Wa acknowledge the following additional correapondence and 1mendment1: 

September 2, 1994 
September 14, 1 994 
October 6. 1994 
Daeamber 1 e. 1994 
March 29, 1Q95 
June e, 1995 
June 22, 1 995 

July 21, 1995 
September 5, 1995 
September 14, 1995 
Saptambar 27, 1995 
October 19, 1995 
October 27, 1995 

(2 1ubm111ion1) 

October 31, 1995 
November 3, i 995 
November 20, 1995 
January 4, 1996 
January 8, 1996 
February 9, 1996 

W• have completed the review of this 1pplle1Uon •• 1ubmitttd with draft libeling, and It 
111pprov1ble. Before the application may b• approved, however, It will b• nece111ry for 
you to adopt aa labeling for CerebyX-1 the draft p1ck1g1 tn••rt attached to tht1 letter, 
modified as requested (I.e., aa per thla letter and th• not•• tmbedd•d within the text of 
the attached package inaart). 
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Ph••• IV Commitment 

We also ask that you submit the following Information: 

1. L.lb•llng: 

Pack.age Insert: Should addltlonel inform•tlon relating to the safety and 
effectlv•n••• of Cerebyx• become available prior to our receipt of the final printed 
labeling, revision of th1t libeling may be required. 

Product and Container L•b•ling: Ple11e rev11e •II product and cont1iner l1b11ing 
to approprl1tely convey th•t do1•g• conv1r1ion calcul1tlon1 do not need to be 
performed when converting p1ti1nt1 between foaphenytoln and phenytoln (I.e., all 
labeling should clearly convey that 50 mg/ml of phenytoin ii being delivered and 
that NO do11g1 converalon factor need be 1ppll1d). 

2. MJcroblology; 

The following mlcroblologlcal l11ue1 concemlng aterlllty a11ur1nce and other l11ue1 
have not been completely addr1111d: 

a. Bulk 1olutlon bioburden llmlta (prior to filtration) 1hould be apectfled end the 
method• to teat thla, Including 11mple points, 1hould be deacrlbed. 
Hl1torical data may be provided tn aupport Of the e1t1bll1h1d llmlt. We 
prefer th• 11mpl1 collection point b• Identified In the menuf 1cturlng 
ln1truction1. 

b. The frequency of requalifying 1terilizer1 (autoclaves and tunneta) waa 
1pectfted 11 every 2 yeara. We generally recommend more frequent 
evaluation of the lnatrument and proc•••. 
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c. The operating parameters for 1tenllzatlon Of fitters and filling o~uipment were 
not provided end their validatlon was not discussed. 

d. Validation of the integrity of the container and clo1ure 1y1tem1' barrier to 
microbial ingr••• was not di1cu11ed. Pl•••• provide • 1umm1ry of the 
methods 1nd results demonstrating the Integrity of this system. 

e. Your amendment dated October 27, 1995 daaalbes 1peclflcatlon1 for med'ia 
fills (Tab 5. App•ndix 1, page 19). Th• 1tated Alert Limit permits no 
Investigation Of any kind when aa many 11 2 container• ire cont1minated In 
a batch of 5000. We encourage aome investigation of any evidence of 
contamination In product (1tmulated or otherwise) manufactured by a 
process for sterile product. 

3. M1nYf1ctydnq and Cgntrol1: 

S1fety Update 

Submit• safety update report 11 provided for under 21 CFR 314.50(d)(o)(vi)(b). Thia may 
be limited to deaths, 11riou1 adverse •vents\ other adverse event• that t•d to 
discontinuation of the drug, and any information 1uggeating a aubatantial dlfferanC9 in the 
rate Of occurrence of common but le11 serious adverse event•. The upd•t• 1hould cover 
all studies and u111 of the drug tndudtng: ( 1) tho•• involving indlcationa not being sought 
In the present 1ubmi11ion, (2) other doAg• forma, and (3) other dose level•. Pl•••• 1110 
lnciude 1ny 1arlou1 adver1e event• reported elnr.e your la1t ••fety upd1te In the final draft 
version of product labeling you 1ubmit In re1pon1e to thl• approvabl• action. 

In addttion, plaaae submit three copies of the Introductory promotional material that you 
propose to u11 for thl1 product. All proposed mat1rl1l1 should be submitted In draft or 
mock..up form, not final print. Plea1e submit one copy to thl• Diviaion and two copl11 of 
both th• promotional material and the package Insert dir•ctty to: 
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Food and Drug Administration 
Division of (Jrug Marketing, Adverti1ing and Communications, 
HF0-40 
5800 Fishers lane 
Rockville, Maryland 20857 

Within 1 o days after the date of thia letter, you are required to amend the application, 
notify us of your intent to file an amendment, or follow one of your other options under 21 
CFR 314.110. In the abaence of auch •ctlon FDA may take actlor. to withdraw the 
application. 

The drug may not be legally marketed until you have been notified in writing that the 
application ii approved. 

Should you hr.we 1ny questions, pl1a11 contact: 

attachment ( 1 ) 

Robbin Nighswander, R. Ph., M. S. 
Regulatory M1nagement Officer 
Telephone: (301) S94·2850 

Sincerely youra, 

Robert Temple,~ 
Director 
Office of Drug Evaluation I 
C•nter for Drug Evaluation and Research 



Memorandum Department of Health and Human Service• ... 
Publlc Health Service 

Paod and Drug Admlnlatratlon 
Center for Drug l!valuatlon and Research 

·-------------------------------__ .... _____ ...,. ______________ .,_.~-..----~'-
DATE: Febru•ry ii, 1111 

PROM: P•ul Leber, M.D. 
Director, 
Dlvlelon of N•uroph1rm1cologlo11 Drug Praduot• 
HFD·120 

IUBJICT: Cerebyx~ l'fo•pheytoln lnJeotlon] NDA 20·460 Approv1ble Action 

TO: Robert Tempi•. MD, Dlreotor, ODI 1 

' I'll• NOA 20·410 

-------------------··--------------------------------------------This memorandum provides a diacuaaion of several factors affecting the 
regulatory action that might be taken In regard to P1rke·D1vl1' pending 
NOA 20-450 for Cerebyx• [fosphenytoln). 

Several options, ranging from approval to disapproval are defensible. Aa a 
matter uf tactics, how•tvar, the action latter being forwarded declares the 
NOA approvabl1, albeit under a number of condition• that are enumerated 
both within the text of the letter and within a veraton of product labeling 
"Jveloped by the dh''tlon (I.e., In 'not•• to the firm' embedded within the 

text) that would be attached to the letter, If Issued. If tt. :t Office were to 
choose an alternative notion, the draft approvable letter may be modified 
accordingly. 

tntrpduotorv Camm1nt1 and not11 about tb1 1dmlnl1tr•tlv1 
111:1ttgy 1ppll1d In tbt 1v1ly1tlqn pf tbla . NDA 

Iba atruotura of thl 1rgym1nt1 1upogrttng 1pgrov1t 

Although Cerebyx• [fo1phanytoln] 11 a new chemical entity, an approval of 
the NOA tor Cerabyx• le only po11lble, given the type of the Information 
provided In the NOA, becau•• ouantln•, Park• Davit' Innovator brand of 
phenytoin, is an approved anti-eplleptlc drug product (AEDJ. 
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The conclusion that Cerebyx• is effective In use, in particular, tuma not 
on reports of adequate and well controlled clinical inve1tlgatlon1, but 
upon 1) the knowledge that phenytoin Is an effeotlvft AED, 2) that 
fosphanytoln ls completely converted within minute• of Injection to 
phenytotn and 3) evidence adduced by the sponsor In blopharmacoklnetlc 
and clinical trials showing that when Cerebyx• is administered under the 
directions provided Ir, the proposed Cerebyx• product labeflng, the 
resulting plasma levttla of phenytoln approximate thoae that are obtained 
when Dllantln Injection ts administered under Its recommended conditions 
of uae for the same claimed use. 

Although the agency's earlier determination that the benefits of DUanUn• 
Injection outweigh the rlake of lta u11 11 a nece11ary element In the chain 
of argument and evidence that can be used to support a conclualon that 
Cerebyx• wllt be safe for us• under lta proposed labeling, the 
determination Involving Dtlanttn• ta, In and of lt11lf, Insufficient to 
support the ooncluslon about Certbyx•·a safety. Not only le fosphenytoln 
a different molecular 1p1cl11 than phenytoln (and, therefore, may poae an 
entirely distinct panoply of risks unrelated to lte oonverelon to 
phenytoln). but foaphenytoln Injection yields two/three molecular 
species, ph<•aphate and formaldehydt/f ormate that are not produced when 
Ollantln la administered. How theae difference• affect the regulatory 
dectston, and how well I belteve they have been addressed by the ft rm. are 
dl1cu1sed tn a later section of thle memor1ndum. - -- ---- -- - ------ -- -- - --

An 1dmlnl1tr1t1v1 l••u• afftqtlng l•tJ•llng oJ bath Ctrtbyxa 1gd 
DJ11nt1na. 

Cerebyx• labeling can be viewed 11 addr111lng both toaphenytoln specific 
(e.g., toephenytoln, formate, phosphate) and ph1nytoln related l11ue1. The 
latter, to the extent that they repreaent Inf ormatlon not currently 
included In Ollantln• labeling poae a problem In that, with the marketing 
of Carebyx•, there would be In exlatance dlff erent, arguably 
contradictory, statements about the same drug 1ub1tance (phenyt,,tn) In 
the labeling of two different approved drug products (Dllantln• anj 
Cerebyx•). 

While we do not propose to r1101ve the problem by linking the approval of 
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the Cerebyx• NOA to full revision of Dliantln• product labeUng, we do 
recommend, If the Cerebyxe NOA Is declared approvable, asking the firm 
to revise the content of those sections of Dllanttns product laboUng (both 
oral ard Injectable) that differ substantively from Cerebyx• product 
labeling (e.g., phenytoin specific matters via a vis pregnancy, 
taratogenlclty, etc.) and to submit labeHng supplements to an1 their 
Dllantln product NDAs at the same time as they make a response to a 
Cerabyx• approvable action letter. 

1ll1,atly10111 ID U••· 
As noted in the preceding section, although the Cerebyx• NOA contain• no 
reports of adequate and well controlled cllnloal lnve1tlgatlon1 that 
document fosphenytoln Injection's capacity to 1uppre11 seizures, the 
offacUveneaa of the product •• an anti-epileptic drug [AEOJ can be deemed 
established on the ground• that 1 ) fo1ph1nytoin ta a prodrug for phenytolnl 
and 2) under the conditions of use recommended in the labeling propo11d 
by the Dlvlalon, Cerebyx• Injection will yield plaam& levels of tree 
pnenytotn that are aufflclently cloae3 to those that would be produced 

' The firm might not choose to revise DUantin• injection becauH they 
intend that it be replaced by Cerebyxe; I would recommend that we insist that they 
do, however, in part to ensure that generic labelirag for injectable phenytoin is 
consistent with Cerebyx•. 

2 Each molar unit of administered fospheytoin is converted to an equimolar 
qu.,.ntity of phenytoin. 

3 It is acknowledged that 'close' haa no clinically defined or generally 
rtcognized meaning. The woid is intended to convey a judgment by the review 
team that the rate and extent of free phenytoin delivery to the 1y1temic circulation 
that follows the admini1tration of Cerebyx® do not differ from the rate and extent of 
tree phenytoin delivery that follow• the administration of Ollantin® injection to a 
degree that will a cau1e a clinically significant difference in treatment response. This 
judgment, admittedly, cannot be supported by reference to tmpiriral findings; there 
is no e1tabli1hed quantitative relationahip between chana•• ln the rate and extent of 
phenytoin delivery and change• in the percent of patients exptrienclns a aatiafactory 
anti-epileptic response in any of the clinical 11tting1 in which parenteral phenytoin 
is recommended. While auch a judgment ia, therefore, undeniably arbitrary, it is 
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when Dllflntln• Injection is administered for the same lndlcation4 under 
Dllantln• Injection's recommended conditions for use to allow Cerebyx• 
Injection to be uaed tn place of Dilantin.• injection. 

As noted, the bloequlvalence of Cerabyx• and DUantin• Injection have not 
been demonstrated under every possible aet of doses and routes of 
administration being recommended In Carebyx• labeling. It Is our 
judgment, however, that the products are 1funglble 1 when given In 
equimolar doses In settings where the extent, but not the rate, of 
phanytc,ln delivery controls Its affectlven•ss. 

In thft one situation in which rate of phanytoln availability is deemed of 
crltlcal cllnlcal Importance, that la, Intravenous loading for the treatment 
of 1tatu11 aplleptlcua, the firm has been able to develop a regimen of use 
under which the pharmacoklnatlc parfonnanca of Carabyx• and Ollantln• 
injection are bloequlvalent by ordinary agency criteria (I.e., the 90% CL 
llmlta on the ratio of the realized values of the estimates for the usual PK 
parameters of the new to the old product are ~ 0.8 and s 1.2S). 

A digression concerning the doses of phenytoin and fosphenytoin studied 
may be helpful at this point. The molecular weight of fo1phenytoin is 
approximately 1.5 times that of phenytoin; accordingly a dose of phenytoin 
only 0.67 that of fosphenytoin is equimolar to the latter. Unfortunately, it is 
sometimes difficult to be certain whether or not the dose of fosphenytoin 

every bit as reasonable a1 the one that allows the agency to declare products that 
differ in their biopharmacokinetic performance 'bioequivalent' as long as the 
difference in their performance falls within some arbitrary tolerance limits (e.g., the 
90% confidence limita on the ratio of realized estimates for a particular 
pharmacokinetic parameter, say Cmax or AUC, for two products, falls between 0.8 
and 1.25). Having aaid all this, however, it should be noted that the firm did show 
that fosphenytoin and phenytoin can deliver free phenytoin to the same rate and 
extent under ontt specific set conditions of dose and rate of administration. (see 
discuuion of atudy 982-240). 

4 

1. IV loading in status epilepticus 
2. IM or IV loadin~ for treatment or prophylaxis 
3. IM or IV uae for maintenance therapy 
4. IM or IV use for temporary substitution for oral Dilantin 
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identified in file documents (e.g., in both FDA review document• and 
sponsor's reports), is intended to repreaent the actual weight of fo1phenytoin 
or the weight exprened in ph•nftoin 1quiva1•nt1 (PE). that 11, tbt w1i1htaf 
pbell);t0in that wguld. yi1ld an aquimotar amgµpt pf phln)'toln •1 tb1 
fg1ph1nytgin dpae actu1Uy 1dminJ1tercd. There ia not much that can be 
done about those ambiguitlea ln uaage other than to be aware of them. 

The table that follows prl"videa a concrete example: it enumeratea the actual 
ma11 do1t1 for both foaphenytoin and phenytoin that would generate the 
same molar amount of phenytoin in 1tatua epi11pticu1. Note that the rate of 
phenytoin specified in the table ia not actually deliverable with DUanttne 
injection becauM the maximum rate of intravenous administration for that 
product la SO mg/min. 

Drua dose rate 

foaphenytoin 22.S to 30 mg/kg 150 to 225 m1/ min 

phenytoln 1! to 20 mg/kg ••too to 150 mg/min 

.. theoretical: phenytoin caMot 11fely be delivered at thia rate; 50 
mg/ min ii the maximum recommended rate. 

Study 98224 1how1 Carebyx• and Dllanttn• btoequtvalent under th• Iv 
loading infu1ion regimen employed (l.1., ••• the table above). It beara 
repetition that this regimen 11 lnt1nd1d tor u11 when phtnytoln la being 
administered intravenoualy to a patient In 1tatu1 epll1ptlou1: thl1 la the 
only cllnlcal aettlng, In our Judgment, In which a d•cre111 In the rate of 
ayatemlc phanytoln delivery might have an advaraa effect on ottntcal 
outcome. In all other 11ttlng1, we 111ume that It ta the extent, not the 
rate, of phenytoln d1Uv1ry that '' oontrolllng. 

A dlgreuion about the method UNd to aaaeu the relative rate at which 
Cerebyxtt and Dilantin• infuaiona deliver free phenytoin ia uaeful here. 
When drugs are adminiatertd by coNtant intravenous infusion, the Cmax 
and Tmax occur typically at the end of the infualon and the realized values of 
these parameter 11timat11 are controlled, other variables held constant, by 
both the total dose and tht rate of delivery of that doY. 

In ordinary circumatancu, therefore, the administration ol two dru1 productl 
that yield the 1am1 molar amounta of the same dru& 1ub1tanc1 caMot 
po11ibly generate bloequlvalent delivery proftlea if they are 1dmini1t1red at 



Leber: C1rebyx• (phoapJ\lnytoln Injection] 1pprov1bl1 action PIQI 8 

difNrtnt rate1 of infuaion. The 1ituation ia different where Cartbyx9 and 
Oilantin'I are concerned, however. 

A number of events and phenomena, including fosphenytoin protein 
binding, foaphenytoin hydrolyaia, phenytoin protein binding, and phenytoin 
di1placement from protein boW\d 1lte1 affect fhe rate at which CerebyXCS 
infusion d1Uv1r1 frn phtnytoin. Al 1 coauequence, Cereby~ mu1t be 
1dmini1ttr1d at a f11t1r rate than Dilantif\9 injection to deliver free 
phenytoin at an equJvalent rate and extent. 

The parameter employed to compare the pace of tree phenytoin deUvtry b/ 
the two productl i1 the ratio of their cumulative AUC1 for fr•• phtnytoln. 
Thi ratio la obtained by dividing the cumulative AUC for frt1 phtnytoln at 
aom1 time, t, followina tht 1t1rt of the inlualon of C1r1by_., by tht 
c:umwative AUC for fr• phenytoin at th• Nmt timt, t, followln9 the 1tart of 
an infualon of DUantin• injection. II the two product• deliver free phenytoln 
at the 11m1 rate, the ratio will b• unity at all tlm11. 
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The Dtvt1ton'1 con1ult1nt btopnarmaceuttcat review team ha• evaluated 
th• firm'• report of Study 88224 and conotud11 that It dooum1nt1 that a 
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doae of 1200 mg PE of f 01ph1nyto1n1 delivered lntravenoualy at a rate of 
1 SO mg ~l!/mln produc11 the 1am1 cumulative free phenytoln AUC over 
ttma 11 • do•• of 1200 mg of pnenytoin .d•llv1red at 50 mg/min. 

Even In 1tudy 88224, however, th• performance of thu two product1 11 not 
pr1ol1ely identical throughout the entire po1t·do1lng Interval 11 the plot 
of th• ratio of th• cumulative tree phenytoln AUC demon1trate1 (••• the 
figure on the preceedlng page which 11 rtproduotd from the top panel of 
Flgure 13 on page 12 of th• 12121195 blopharm review). In 1hort, even In 
thla atudy, the techntcat declaratton of bto1qutv1t1no1 11 1om1wh1t 
arbitrary 11 tt tum1 on the time after the start of lntualon that 11 cho1en 
tor th• 1valu1tlon of th• cumulMtive AUC ratio. 

In this regard, It 11 Important to note th1t th• regimen ••l•ct•d for 
C1r1byx• lntualon 1n1ur11 that In comp1rt1on to Dltantln• more, rather 
than I••• free ph1nytotn, 11 g1nerat1d 11rty on In the oour1e of th• 
lnfualon (e.g., from 10 to 30 minute• or 10), th• very pertod In whloh It 11 
deemed crltlcally Important trom a cllntoal per1peotlv1 to 1n1ur1 the 
rapid dellv1ry of blo1v1U1bl1 ph1nytoln. 

11t1tr In u11; 1p1olflo l11y11. 

Whether or not toaphenytoln 11 aaf• In u11 cannot r11t on th• knowledge 
that ph1nytoln 11 a 1af1 drug, howev•r. lecauH to1phenytoln 11 not onty a 
prod rug for phenytoln but for pho1ph•t1• and f orm1ld1hydelform1t1•, the 
rl1k1 that might be u1ocl1ted with the par1nt1r11 admlnl1tratlon of 
th111 product• under th• oondltlona of uae recommended In Cerabyx 
labeling muat bt con1ld1rld. 

Both Dr. Edward Pl1h1r, th• prtmary reviewing phann1oologl1t, and Dr. 
John F11ney, th• neurology group ollnloal reviewer r11pon1lble for the 

e 20 ms/kg given to a 60 kg patient r11ult1in1200 mg total dole 

• Bach molar unit of foaphenytotn forma equimolat unitl of phoaphatt and 
formaldehyde. Porm1ld1hyd1 i1 then converted to formate whlc:h i1 then converted 
to C~ and Hi() by I folatt d1ptnd1nt 1ttp. 
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appllcatlon, dl1cu11 rt1k1 that might dertve from th• generation of the 
byproduct• of foaphenytoln hydrolyala. 

It 11 Important to acknowledge at the outaet that concem1 about the 
potential rlaka poaed by the11 byproduote art11 for theoretical re11on1: 
there are no finding• of 1ertou1 Injury or toxicity in either ollnlcal or 
precllnlcal te1t1 with f oephenytoln that indicate that eith•r f ormat1 or 
pho1phat• dertved from f 01phenytoln admlnlatratlon h11 actually caused 
hann. 

On th• other aide of aotn, however, a ay1t1matlc effort to detect toxicity 
that might have been 01u11d by th111 byproduot1 (partloularty formate) 
h11 not been earned out either In 1nlm1t1 or hum1n1. Perh1p1 more 
Important 11 a r1a1on for caution, th• extent of cllnlcal 1xpo1ur1 to 
Cerebyx• at the hlgh11t do111 and r1t11 of d1llv1ry 11 Hmlt1d7 and, 
accordingly, th• warrant provtdet. by th• 1b11na. of 1vld1nc1 of hann ta I••• than robust. 

formate: th• rl1k of gcylar Injury 

Although no reports of bUndne11 or dlmlnl1h1d vl1lon have been reported 
In 111oclatlon wtth th• cUnlcal te1tlng of Cerebyx, formate, a known 
mammalian ocular toxin• 11 a by product of fo1ph1nytoln hydroly111. A1 
much 11 ti mmolee of f ormat1 may be delivered within 7 minute• under the 
regimen r1comm1nded for Cerebyx• In th• management of 1tatu1 
1pH1ptiou1 (SE]. 

Although the firm had been repeatedly 1dvl11d of our concem about th• 
potential rt1k posed by formate 1xpo1ur1, tt h11 yet to provide a 
1y1t1matlc evaluation of the extent of, and varlablllty In, formate 

7 Only 128 patientl have bHn t>epoud to dOlll of greater than 15 mg PB/kg 
at an infuaion ratea of~ 150 mg PB/min and only 66 patient& at thll rate and the 
higher doae of 20 mg PB/kg. -

• Studi•• in monkey• doeument that formate level• •• low •• 1 MMOL/L can 
cauN optic nerve damage; formate ii preawnably the agent immediately ruponaible 
for the bUndneu that la 11toclattd with methanol lngeation 
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generation tollowlng Intravenous loading with foaphenytoln. In f aot, only 
4 patients have had formate levels maaaured, and then during lnfu1ion1 
that delivered only one-half the load of .t oaphanytoln recommended for the 
treatment of status eplleptlcua. 

Aleo, •inc• the metabollem of formate 11 folate dependent, and a 
substantive proportion of pattenta with 1tatu1 eplleptlcua may be folate 
deficient (1.g., alcohollca), the l11ue 11 not only the extent of monitored 
expertenca, but the collateral condltlona under which exposure has taken 
place. 

The rl1k 111111m1nt proce11 11 further complicated by the 1par1ena11 of 
the information available from precllnloal models. At present, we 
believe (know) that expoaurea 11 tow 7 MMOUL can cauae ocular damage tn 
monkey•, but do not know whether or not lower expo1ure1 can. 

On the other hand, Dr. Fl1h1r point• out that 1u1talned expo1ur11 to 
elevated level• of formate are probably required to cau11 Injury tn humane 
and that the firm did estimate, b111d on data avallable from other 
1ouro11, the likely lncr1m1nt In 11rum formate that would follow an 
Inf u11on of formate equivalent to that deUvered by the maximum 
recommended doae of foaphenytoln, and that 1uch an Input would be 
unlikely to raise formate le vela above backpround, let alone produce tho•• 
known to cau1e Injury. 

Accordingly, In my view, conc1m1 about formate are not of a oonoem vie a 
via the approvablllty of Cerebyx, although they probably require mention In 
labeling, unleaa the firm can provide either argument or data, or both to 
convince us such mention la unnec111ary. 

Bl•kl gt 1 gbo1pb1te load. 

Dr. Feeney draws attention to the rt1k1 that might follow rapid IV 
admtntatratton of a pho1phat1 load. Both 11rum Ionized calcium l1v111 
and pH may be affected, but neither have been 1y1tematlcally monitored by 
the 1pon1or. Al with the concern• dl1cu111d In regard to formate, I 
believe we ought to require mention of th• po11tblllty of th••• eff1ot1 in 
l1b1llng unl111 the 1pon1or can provide evidence or argument to 1how that 
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such labeling statement& are unnecessary. 

Systemic sensations 

In his review, Dr. Feeney discusses a set of 1enaatton1 that are associated 
with Infusion of Cerebyx (burnlng/prurltu1 affecting the extremities, the 
groin and In part-rectal araaao): aince th••• are not observed with 
phenytoln Infusion, it la logical that they are the r11ult of aome unique 
property of fosphenytoln, ite byproducts, or some 1econdary phenomena 
arising from their Introduction Into the 1y1temlc clrculatton. 

Phosphate, for example, might act directly or Indirectly through an effect 
on serum Calcium levela. The u1ual 1lgns/1ymptom1 of tetany (pert-oral 
dyatheslas, tingling In the distal extremities, etc.), however, do seem 
dl1tlngui1hable from tho•• 111octated with foaphenytoln lnfu1lon; 
nonetheleaa, the pcsslblllty that changes In serum Calcium are 'nvolved 
cannot be dismissed out-of·hand. 

The bottom line, however, la that our ability to 111e11 any hypothe1l1 
regarding the cau1e of th••• phenomena 11 limited by the mlnlmal 
monitoring of aerum formate, Calcium, pho1phate and pH done by the firm. 

Eatalltiu 

The population treated with fo1phenytoin 11 likely to be at 1ub1t1nttally 
greater risk of death than the typical cohort of patients with complex 
partial seizures who participate ln the usual AED development program. In 
particular, the foaphenytoln cohort Includes patients In status, those with 
head trauma, etc, and aa a consequence la a cohort In which deaths, 
r1gardl111 of treatmetit, are expected. 

Accordingly, I am not concemed about the number of deaths reported In 

e Dr. Feeney writes that "the character and location of the HNOry 
disturbance described for Decadron and Hydrocortisone matchea the dominant 
description in Cerebyx-treated subjects. With all 3 agents, patients deacribe a burning 
or itching which localizes primarily to the groin area." 
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association with the use of fosphenytotn. Thia Judgment, however, la 
defended only by my personal intuition, no more, no less. 

Safety and. Common AQBs 

This ts largely a labeling display taaua. The firm has studied Cerebyx® 
over a number of disparate conditions ln different patient populations. It 
makes no sense In my view, to combine these experiences In an effort to 
provide a single, overall, table of untoward clinical event Incidence. 
tnatead, It makes far more sense to present the Incidence within the 
various settings. We instruct the firm, within the text of labeling, how 
best to accomplish this goal. 

Safety In Chlldraa 

This important age group has not been evaluated; It approved, Cerebyx® la 
llkaly to be used In children, yet we do not have informatlon on their 
handling of the product. 

l1t1tr lo U11- overall c11n1ld1r1tlon1: 

The extent of ctlnlcal experience with an lnveatlgatlonal drug, the degree 
to which that experience Is representative of the condttlone under which 
the drug will be used If marketed, and the quality and kind of patient 
monitoring during the drug's cllnicat testing determine the strength and 
vall•e of any warrant that may be ottered about the sat ety of a drug at the 
time of ita approval. 

Obviously, the fewer the number of patients expo1ed, the leas re II able any 
warrant about the drug: this applies both to rtska that were and those that 
were not observed during the product's pre-marketing development. 

Thia generic caveat appllea to any regulatory conclualon that a drug 11 
•safe for use;' but It 11 e1peclally appllcabla where Cerebyx~ la concerned. 
First, because this product has been administered to relatively few 
lndlvlduala overall. The total numbers of subjects exposed are 
enumerated in the following table: 
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NOA SU 1 SU2 
.. ' 

Population -- - --
Total Enrolled -- - - 849 861 994 

Exposed to Fos 736 748 859 
--

Cutoff Dates 

General Safety Sept 1, 94 Feb 22. 95 Aug 1. 1995 

Oeaths/Serlous AEa Nov 18. 94 May 15, 95 Sept. 15, 1995 

Of greater concern, Cerebyx• has been administered to even fewer under 
conditions of use where it la expected to cause the greatest number of 
problems: hlgh rate intravenous infusion. Spaclflcally, aa of the last 
safety update, only 128 patients had boon expoaad to dpae1 t:1 !S mg PE/kg 
at an lofus100 rat11 gf ii: 150 mg PE/min And 001¥ §§ baye b••n expo11d tg 
da11• iiC 20 PE/kg at lnf us100 rat•• of ~ 15Q mg PElrntn. 

Whether or not this extent of cllnlcal teatlng provide• an adequate baala 
to allow the markeUng of Cerebyx• under th••• condtuona 11 a 
determination that tu ms on personal Judgment, and, the ref ore, ultimately, 
the personal judgment of the agency official who has the delegated 
authority to act on the question, In this caae, the Office Director. 

Dl1cu11lpn pf Optlop1 

Although the evidence provided by the sponsor is probably sufficient to 
allow some expert eplleptologlate to reach, reaponaibly. a conclusion that 
Cerebyx• has been shown to be safe for use under high dose, high rate 
condltlona of uae recommended In it• propoaed labeling, I cannot know 
whether most, or even a majority of experts, would re&ch the same 
conclusion. 

Accordingly, the division has prepared an approval action letter becau11 It 
believes such an action can be defended. although It la not nece111rlly the 



Leber: Cerebyx• [phosphenytoin injection] approvable action page 13 ... 
action that any of us may individually pref er1 o. 

In any case, I could also defend an action approving the NOA under labeling 
that either 1) wams about the residual ·uncertainties concerring the 
safety of the high dose regimen, or 2) omits the high dose/high rate 
regimen on the grounds that there is Insufficient evidence to erisure Its 
safety. 

Neither of these options is entirely appealing, however, because Cerebyx• 
Is only able to deliver phenytoin as rapidly as Dilantin• injection under 
the high dose, high rate regimen, and, therefore, we could not be certain, 
under either of these options, that Cerebyx would be fully effective (or as 
effective as Dtlantln® Injection), when used In the m1anageme!'lt of status. 

We could, of course, disapprove the NOA, arguing, aa we did when It waa 
first submitted, that more clinical experience (I.e., safe pa111g1) with the 
product under the high intravenous loading dose regimen le required before 
we can conclude that It Is sate In use regardless of the reatrlctlona 
placed on its use In labeling. The argument being made here is that 
whatever the labeUng Umltatlona or reetrloUona appHed, the product 
would, If marketed, be likely to be uaed under the high do1e/hlgh rate 
regimen, a reg~men yet to be shown to be safe. 

This would be a dlfflcult regulatory position to defend, however, because 
we are only obliged, at least ordinarily, to determine whether or not a 
drug is safe for use under the conditions of use recommended In Its 
labeling. In short, were It not for the status eplleptlcua Indication, It 
would be easy to conclude that Cerebyx~ has been shown to be aaf e for 
use. On the other hand, none of us Is unaware of the extent of 'off IBbel' 
use of marketed drug product• and the potential for that uae to cause 
harm. 

10 Personally, I would clearly feel more comfortable with an approvable 
action if it were taken with the knowledge that 200, rather than 66 patients, had been 
exposed without serious incident to the highest dose and rate intravenous loading 
regimen. The problem, of course, is that I would take still greater comfort if there 
were 2000 such exposures. 
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Importantly, nothing In this dlscuaaton ts intended to gainsay or 
undermine the potential advantages that may well be provided by 
Cerebyx*. An Injectable form of phenytoin that is less locally irritating 
than Dllantin® (reasonably inferred from what we know but not proven) 
would be especially useful for intramuscular uso. The point la that It is a 
matter of personal judgment whether the gains are auff lclant to outweigh 
our residual doubts aboJt Its safety for use. 

Finally, neither t. nor any member of the review team, to my knowledge, 
Is so wedded to any single view of this matter that we are absolutely 
committed to one and only one course of action. To the contrary, thia ia a 
close decision and I can accept any of the 3 options enumerated. I am, as 
are members of the review team, available to disc m_,,. further, 
as required. ,----- /~ / 

Paul Leber, M.D. 
2/9/96 
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MEMORANDUM 
... I 

DATE: FEB 2 0 IY96 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 

FOOD AND DRUG ADMINISTRATION 
CEtl'rER FOR DRUG EVALUATION AND RESEARCH 

FROM: Director, Office of Drug Evaluation I, HFD-101 

SUBJECT: Fosphenytoin, NOA 20-450 (Cerebyx) 

TO: Dr. Paul Leber, HFD-120 

I believe t~ia application is approvabla and th•t the available 
data and documented exposure are suf ticient for a proding for a 
very familiar active moiety. The possibility remains, as you 
note, that •ome rare, "idio•yncratic" reeponee to the •hort-liver 
parent molecule, or to a minor unauepect•d metabolite of the 
parent, could occur, but a few ioo more patient~ will not resolve 
that question. 

I have modified the letter •lightly, I think •till reflecting 
what was sought by the Oiviaion. 

I have one regulatory, not scientific question: why ia 
f 0sphenytoin con•id•red an NME? Type 4 NDAa include new salt• or 
estor1 of a previoualy approved active moiety. Although 
allowance i• made for 1table eaters, especially where th••• are 
active (e.g., isoraorbide mono-odinitrate) that doesn't seem the 
case here, with the 15 minute half-life. 

I have made a few labeling change• and note particularly the 
following changes and queationa. 



--·· -- ·--- -------

• 



Memorandum Department of Health anc.t Human Services 
.. · Public Heelth Service 

Food and Drug Admtnl1tr1tlon 
Center for Drug l!valuatlon and Research 

_____________ ....., ________________ iiMll ____ ...,.,....._ ... _..._. ____________ ~-----

DATE: February 22, 1991 

FROM: Paul Leber, M.D. 
Director, 
Dlvl•lon of Neuropharmaoologlc1I Drug Product• 
HFD .. 120 

SUBJICT: Reply to your memo of 2/20111 

TO: Fiie, NOA 20·4&0 Cerebyx (foaphenytoln) 

' Robert Temple. M.D. 
Director, 
Office of Drug Ev•luatlon 1 

-----------------------------------------------------------------The Division's review team has reviewed the comments about the Cerebyx 
action presented In your memo to me of 2120/96. 

We take your point that the Intravenous administration of Cerebyx under any 
dosing regimen cannot precisely reproduce the phenytoln Input to the 
systemic circulation that la obtained with the direct infusion of phenytoin 
sodium at 50 mg/min. Accordingly, we have revised the dosing Instructions 
so that the recommended regimen for the treatment of status ts between 100 
mg PE/min and 150 mg PE/min. This should reault In an intermediate choice 
by many and that wlll be f Ina. 

For the most part, we have otherwise made the changes In the labeling and 
letter as you requested, except for one or two places. 

Qosing iQd Admtnjatratton Sactign; 

Here, we found your additional commentt to be verbose and confusing. 
Accordingly, we simplified the Instructions, providing the major points 
regarding Iv use in a series of 4 brief bullets. 

We did, however, incorporate the intent of your comments in this section in 
the Clinical Pharmacology Section. 

Warning Saottoo; 

Tho instruction regarding the maximum rate of phoaphenytoln infusion seems 
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unn.-cassarily confusing when it includes the phrase "at rates greater than 
50 mg/min. 11 We would prefer deleting the phrase. The call, however. la 
clearly yours and toward that end we provide two pages 6's, one with and one 
without the phrase. 

Pharmacology: 

I have allowed Ed Fisher and Glenna to repair and revise the pharm aecttone 
as they believe bast. I find their changes reasonable and aaeume that you 
will as well. 

Questions In tba mamoraodum: 

First, foaphenytoin is an eater, but not of phenytoln. It'• an NME and we can 
take crtidlt accordingly. 

As to your other queatlone, I'm not sure that I can an1w1r them In a 
meaningful manner: I'll try (John Feeney ta my major source of Inspiration 
and data on this). 

# 4. How, if at all, renal and/or liver dlaeaee affect• fo1ph1nytoln to 
phenytoln converalon la unknown. The theory 11 that the tree f ractlon of 
f osphenytotn ta tncreaaed in the preaenoe of hypoprotelnemla. 

# 5. Yea, because this Is part of a regimen that will lead to the chronic 
use of phenytoin 

#6. Dllaotln la an ancient drug product··many thing• in lte labeling 
got there the same way that they get Into the labeling of all older drug1--ln 
short, we don't know, and, don't have the resources available currently to 
find out. 

Paul Leber, M.O. 
2/22/98 
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Labeling 



FINAL PUNTED LABELING BAS NOT BEEN SUBMIT?ED TO THE FDA. 

DRAFT LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSURE 

ONLY CORRECT AND CUR.l!NT INFORMATION IS DISSEMINATED TO THE 

PUBLIC. 
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Review and Evaluatfdn of tllnlcat Data 
NOA 20·450 

Sponaor: 
Drug: 
Propoaed Indication: 
M1terlal Submitted: 
Correspondence D1te: 
Date Received: 

Parke-Davis 
Fosphenytoln IV 
Epilepsy 
Third Safety Update 
April 12, 1996 
April 15, 1996 

Background: Thia safety update consists of 2 volumes out of a 4 volume 
submission. The entire aubmiaaion represents the aponaor'a response to a 
recent Approvable Letter. 

Expoaure: The cutoff date for the laat (aecond) safety update was 
September 15, 1995. This SU covers all deaths, serious AEs, and 
withdrawals for AEa that have occurred since then. Data are also provided 
from 2 studies of Fos which are being conducted under a 
separate IND . Events from all studies are summarized through 
March 8, 1998. 

It appears that there la t»nly one ongoing study In statue epileptlcue. Only 
5 additional pta have been enrolled since the last (second) SU. Of th••• 5, 
no deaths, serious AEs, or withdrawals because of aerloua AEa have been 
reported. Therefore, this SU reports almost entirely on the experience of 
Cerebyx In stroke. 

Deatha: 10 death• (on placebo or Foa) occurred out of 79 pta enrolled In 
stroke studies. We know that 1/1 O deaths occurred on Foa and 1/1 O 
deaths occurred on placebo. Becauae the blind has not been broken In the 
other stroke study, we do not know the treatment assignment of the 8 
other deaths. All death• appear related to the stroke Itself or the 
aequelae of 1troke. None of the deaths were attributed to Fos. 

Serloua, Nonf1t1I AE•: 5 pt1 had 1eriou1 AE1 that were nonfatal. Ona 
of these, severe hypotenaion related to Cerebyx was reported aa an IND 
safety report on March 12, 1998 and ia outlined In the next paragraph. The 
blind waa not broken for the other AEs, but a review of them suggests that 
none would be considered attributed to study drug. 



Pt 113 in Study 25, a .. 51-yr-old woman, developed an absolute decrease of 
67 in her systolic pressure during a loading dose of Cerebyx for treatment 
of stroke. BP was 142/86 and dropped to 75/50. The investigator 
classified the event as life-threatening, although the BP returned to 
baseline with fluids. 

Wlthdrawal1 Due to Al!a: 5 pts withdrew due to AEa. 3/5 occurred in a 
completed atroke study so that we know all 3 received Cerebyx. The other 
2 occurred in an ongoing stroke study where the blind has not been broken. 

Patients 111 In Study 19 in stroke had the infusion stopped (note· that the 
rate waa 50 mgPE/mln) because of pertneal burning and itching. The event 
was called severe and occurred after only 27% of the injection waa given. 
Symptoms resolved after13 minutes followed an hour later by recurrence 
of mild Itching for 5 min. 

Patients 118 in Study 19 in stroke had the infusion stopped (note that the 
rate waa 50 mgPE/mtn) because of pertneal itching. The event waa called 
moderate and occurred after 16°/o of the injection was given. Symptoms 
resolved In 5 minutes. 

Other events were mild.hypotenaion, severe bradycardia (treatment 
assignment unknown), and atrial fibrillation in a pt with a history of AFlb 
(treatment assignment unknown). 

Summary: 

Burning, 1tching, bradycardia, hypotenalon are all described in proposed 
labeling. Therefore, the safety profile of Car a not changttd with 
the addition of this safety update. 

cc: 
HFD-120 
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response to a recent Approvable Letter. Two volumes represent the 
requested safety update and are reviewed in a separate document. The 
other two volumes represent the proposed labeling revisions along with 
supporting documentation. 

Proposed Labeling Changea: Only major changes are addressed here. 

Two pervasive changes made by the sponsor are the correct Insertion of 
the word sodium whenever describing equivalent doses of Cerebyx and 
parenteral Dllantin. Phenytoin as the free acid (Oilantin-30 Pediatric and 
Dilantin-125 Suspensiona and Oilan\in lnfatabs) would have a different 
dose equivalence. The sponsor would also like to delete the PE used 
throughout labeling to refer to doses of Cerebyx. The very fact that 
different phanytoin products already on the market provide different 
amounts of phenytoin for equivalent weight-baaed dosing regimens would 
support the use of the PE notation throughout labeling to point out the 
equivalence only to phenytoin sodium and not to the free acid. 

Issues related to formate and phosphate have been addressed by the 
sponsor by presenting data from Study 27, a PK study of the high-dose, 
high-rate loading dose. Some of this data was presented in submissions 
(specifically requested by me) dated May 2 and May IS, 1998. This 
information is discussed in Appendix I. 
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Overview 

Cerebyx (fosphenytoin) has been developed by Parke-Davis 

The basis for an approval action on this NOA is the demonstrated 
bioequivalence of IV Cerebyx and IV Dllantln. When Cerebyx was 
administered at an IV rate that was three times g1reater on a molar basis 
than the rate of Dilantln, bioequivalence based on free phenytoin levels 
was demonstrated. 

It became clear during the review of this NOA that confusion readily 
arises in discussing the dosage of Cerebyx. The molecular weight of 
Cerebyx is 50°/o greater than Dilantin, so that 150mg Cerebyx delivers the 
same molar amount of pheny1toln as 1 OOmg Dllantin. Therefore, an 
infusion rate of 75mg/min Cerebyx delivers the same molar amount of 
phenytoin as SOmg/mtn Dllantin (the maximal labeled rate for Dllantln). 
However, the bioequlvalent rates (as defined above for free phenytoin 
levels) would be 225mg/min Cerebyx and 50mg/min Dilantin. 

Since the use of Cerebyx will, by design, be temporary with conversion to 
oral phenytoin soon thereafter, I believe that Cerebyx dosing should be 
expressed in phenytoln equivalents in labeling. Thus, 150mg Cerebyx 
would be expressed as 1 OOmg phenytoin equivalents (PE). This eliminates 
the one and only step in converting total oral phenytoln dosing to 
parenteral Cerebyx dosing, but still leaves one step in converting the 
Dilantin loading dose rate (SOmg/min) to the bloequlvalent Cerebyx 
loading dose rate ( 150mg/min phanytoin equivalents). By not expressing 
Cerebyx as PE in labeling, I believe there will be considerable confusion in 
dosing during the first few years of general use. 
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Cerebyx is a phosphate ester of phenytoin. The bloavallabillty of 
phenytoin after IM Cerebyx is 1 OOo/a with good local tolerability in over 
300 patients exposed. The sponsor contends that IV Cerebyx is better 
tolerated at the injection site than IV Dllantin. This latter point is 
supported by the normal volunteer studies when injection site irritation 
is examined in Cerebyx and Dllantin treated patients at bloequlvalent 
rates. The active-control trials In patients did not adequately control for 
dose and rate betweeen Cerebyx and Dllantln patients, so that no 
additional comparative data on IV injection site Irritation Is yielded by 
those studies. Study 26 may provide comparative information along these 
lines, but we are not yet . in possession of that final study report. 

Cerebyx is rapidly converted to phenytoin with a half·llfe of 15 minutes. 
The two byproducts of this conversion are phosphate and formaldehyde. 
The theoretical safety concerns of formaldehyde formation have been 
addressed by the sponsor and are the subject of much diacus&lon in the 
pharm/tox review ot Dr. Fisher. On page 60 of his review, Or. Fisher notes 
(page 60 of his review) that peak plasma formaldehyde levela would be 
predicted to be 5.4mg/L, with levels returning to background levels 
(2.Smg/L) within 20 minutes. In fact, formaldehyde levels are apparently 
difficult to measure in plasma. and beyond this, the toxicity of 
formaldehyde may in large part be due to Its metabolism to formate as 
occurs in methanol poisoning. 

Formate levels that produce optic nerve pathology are only 10·20 X 
background levels. Maximal formate levels were predicted by the sponsor 
to be no higher than background levels. This prediction has not been 
verified with empiric data to date. Formate levels were not measured in 
preclinical toxicity studies; in fact, models of formate toxicity in non
primates can only be produced In the presence of folate deficiency. 
Normal formate levels were measured in 4 normal volunteers, but at a 
Cerebyx-exposure much less than will occur with the standard loading 
dose. In the absence of formate levels In adequately loaded subjects, the 
safety margin cannot be stated. 

Not addressed by the sponsor or the pharm/tox review is the phosphate 
load with Cerebyx. The loading dose of Cerebyx delivers 75mg elemental 
phosphorus. Assuming retention in the plasma, the theoretical Increase in 
serum phosphorus would be 2mg/dL. If the calcium-phosphorus product 
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exceeded 60· 70 in a given patient, the theoreticBI concern would be 
calcium deposition in soft tissues and a possible transient decrease in 
calcium. The sponsor has measured ionized free calcium at the end of a 7 
minute loading dose In 5 volunteers and found these levels to be normal. 
Obviously, this is a smaU experience which should probably be expanded. 
Additionally, the sponsor should be asked to assess the distribution of the 
phosphorus load in varying states of decreased glomerular filtration. 
Labeling should certainly make note of this issue, especially in dialysis 
patients. (The sponsor performed a study in dialysis patients, but used a 
small loading doae administered over 30 minutes.) 

The safety database accrued is complex and makes any exptrapolation of 
the results difficult. Several important points follow: 

First, the two active-control trials with IV Dilantin (Studies 15 and 21) 
do not allow any direct comparisons between treatments. Both trials 
incorporated IV loading doses (one of the two also included maintenance 
IV dosing beyond the IV load) and I believe the loading dose presents the 
biggest safety concern in the use of Cerebyx. However, neither trial 
provided for Cerebyx and Dilantin to be administered at the bioequivalent 
rates. (Study 26 may allow for some direct comparisons, but we do not 
have the final study report yet.) 

Second, as a general rule over the entire database, the high-dose, high
rate Cerebyx patients were also some of the sickest patients, usually 
patients with status epileptlcus. While this may in fact mirror the 
intended usage of high-dose, high-rate Cerebyx, It makes the 
interpretation of the safety data more difficult. 

Third, the patients exposed to Cerebyx tendad to fall into one of two 
categories: 1) seriously ill patients with status epllepticus or pending 
neurosurgery and 2) relatively stable patients with epilepsy. The net 
effect of this is that the safety data from one group cannot really be 
merged with the other. 

Normal volunteer studies were in general limited to escalating IV 
11loading" doses. Since the population of normal volunteers is relatively 
homogeneous, I believe it provides important information on rate-related 
adverse events, making some ~omparisona between Cerebyx and Dllantin 
treated subjects possible. For instance. one unique adverse event that 
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occurs with Cerebyx ia u sensation of generalized itching or tingling 
which is variously coded as prurftus or paresthesia. In the normal 
volunteer studies, this phiiJnomenon can be seen to be rate-related for both 
Cerebyx and Dilantin, but with a much higher incidence with Cerebyx at 
bioaquivalent rates of administration. 

Similarly, in the normal volunteer studies, Injection site pain and 
injection site reaction arn seen to be rate .. related for IV Ollantin and 
occur only rarely for Cerubyx at any rate. 

The sponsor has proposed uae of Cerebyx for up to 14 days. HoV1ever, only 
a few patients were expos·1d for longer than 5 days. I believe labeling 
should reflect the databast with use allowed for 5 days or leas. 

For labeling purposes, the r:ponsor proposes to present adverse event data 
separately for the 3 controlled trials. Since the AE profiles in these 
trials only reflect the population studied (seriously ill neurosurgery 
patients vs stable epilepsy patients) and PJlnce the standard deviation 
around any point estimate from a given trial must be exceedingly large, 
would argue to discard thee e tables from labeling and bring forward the 
descriptive list of AEs in the parenteral Dilantin labeling. 

Finally, the sponsor has not fully addressed the unique adverse event of 
pruritus/paresthesia seen with Cerebyx. In particular, the ISS often uses 
descriptive language to th~ ,3ffect that this AE was 11uaually transient." 
In my review, I could not ascertain the outcome of all cases of this AE. I 
found no specific mention of a case of pruritus/paresthesla that 
persisted, but I would request the sponsor to directly address the question 
of reversibility of this AE. The second safety update (November 1995) 
added 100 individual expoauras to the high-dose, high·ra~e experience 
with Cerebyx and confirmed the frequent occurrence of pruritus in that 
situation. The sponsor could provide more information on the experience 
of these individuals with the sensory disturbance. 

Conclualona: 

Cerebyx is approvable. The following additional information is needed 
before a final approval action can be taken: 

1. The sponsor should provide a more complete description of the sensory 
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disturbance caused by Cerebyx, to include the reversibility over time. 

2. Levels of phosphorus, magnesium, and free calcium should be me1:&sured 
at frequent timepointa during a 7 minute loading doaa of Cerebyx and 
correlated with the character of the aan1ory disturbance. 

3. Formate levala should ba measured after a loading do1e of Cerabyx. 
Since the breakdown of formate la folate dependent, and because folate 
deficiency may be common in the population treated with Cerebyx 
(alcoholics and/or patients on chronic phenytotn therapy), some attempt 
should be made to measure formate levels In a folata deficient population 
after a loadiny dose of Cerebyx. 

The advantages of Cerebyx over parenteral Dllantln are: 

1 . Given IV, ft produces fewer local reactions, can be given In one· third 
the time of Dilantln, and may be more compatible with other IV aoluttons. 

2. It can be given IM with predictable absorption and fewer local 
reactions. 



Perlpheral Sen1ory Phenomena 

Background: We refused to file the original NOA 1ubmia1ion for Cerebyx 
because of the minimal safety database accrued at high dose, high rate (SE 
dosing) infusions. The sponsor only slightly improved upon this at the 
time of the resubmlaaton. Again, the first safety update only minimally 
improved upon this. The aecond safety update in late 1995 more than 
doubled the exposure to SE dosing. 

Looking only at the NOA aubmiaslon, It baoame clear from normal 
volunteer studies that a dose· and rate-related sensory disturbance 
occurred with IV Cerebyx. In patient studies, the bulk of patients exposttd 
to SE dosing were too obtundad to report sensory diaturbancea beo•uae 
they were in fact SE patients. Therefore, in patient atudie1, a does- and 
rate-related sensory disturbance waa leas obvious. 

The second safety update in late 1996 included the reaulta of Study 26 
performed from April 1995 to June 1995. Ninety patient& were added to 
the SE dosing database. Half the patients were epilepsy patients (not SE 
patients and not neurosurgery patients) and would not be expected to be 
obtunded. Likewise half the patients reported pruritus. Because we are 
not in possession of all the information from Study 26, wa cannot 
ascertain the exact proportion of patients who were aiert enough to report 
sensory disturbances. It is possible, given the information provided, to 
assume that all awake patients in Study 26 experienced some degree of 
sensory disturbance; it is alao possible that vnly half did. 

These were not trivial diaturbancaa. The Infusion was Interrupted or 
diacontinued for 13144 (30°/o) patients experiencing pruritus. The 
intensity was rated severe for 6/44 (14°/o) patients; moderate for 17144 
(39°/o) patients: and mild for the remainder. 

The mean onset time was 2 minutes for these 44 patients. By the time of 
follow-up, outcome was unknown for 1144 patients. Resolution of sensory 
symptoms is reported for all the reat. Because time·to-re1olution is 
referenced to end of infusion, and becauaa we are to'd that infu1ion1 were 
slowed or stopped because of pruritus in a third of patients, we cannot 
determine what happens In the absence of altered rate and time of 
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Infusion. It sounds like most patients improve within 5-10 minutes of 
stopping the infusion (12-17 minutes from start of infusion, assuming the 
Infusion is given over the prescribed 7 minutes). A fourth of patients have 
some degree of disturbance beyond this point (median, 1 hour). 

The second safety update also mentioned the reaulta of Study 27, a 16-
subject PK and safety study. 75°1' of these normal volunteers experienced 
prurltus; 75'Yo of these normal volunteers experienced pareatheala. Four of 
the 16 subjects (25°/o) reported .. severe" pruritus. 

Significance: Just based on what we know about thll phenomenon, it is 
clear that the natural history of the disturbance· must be elucidated more 
clearly in order to provide for the safe use of this drug. For Instance, the 
Intensity of symptoms for those patients who experience symptoms 
beyond onf! hour of dosing has not been provided to us. Do some patients 
have severe prurltus for days or do only mild symptoms persist beyond one 
hour ? Since many patients who receive IV loading with Cerebyx will not 
need rapid loading, labeling will need to reflect a rate for those patients 
which results in minimal discomfort. 

Also, could the pathophysiology that underlies the sensory disturbances 
with SE dosing of Cerabyx herald some more sarlous pathology ? 

In awake patients treated with SE dosing of Cerebyx, patient reporting of 
sensory disturbance could lead to lowering of rate. In obtunded patients, 
this margin of safety has been removed. 

Example of Fo•c•vlr (foecsrnet): Foscavir is an example of a drug 
where the onset of sensory disturbance does nernld more serious 
problems, specifically with hypocalcemla. Foscavlr was developed for IV 
administration for the treatment of CMV retinitis in the mid·19BOs. Early 
on it became clear that many patients experienced distal and perll')ral 
pareatheaiaa, tetany, and seizures. The constellation of symptoms and 
signs was identical to that seen with hypocalcemla and, In fact, total 
serum calcium levels were low in some patients. Cases of fatal 
hypocalcttmia have been reported with this drug. 

Experience with Foacavlr has demonstrated that the labeled loading 
infusion may cause decreases in ionized free calcium even though total 
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serum calcium remains norma1.1,2 The mechanism of this ionized 
hypocalcemia is believed to be chelation of free calcium by foscarnet 
itself (structurally appearing as a phos~1hate moiety with a carboxyl group 
substituted for an oxygen). Foscarnet ie excreted unchanged in the urine, 
presumably carrying calcium with it. inere is no evidence that foscarnet 
is broken down to phosphate, and there is no evidence of phosphate 
precipitating out of solution with calcium. While foscarnet itself Is toxic 
to renal tubule cells, there is no evidence of nephroc&lcinosis (deposition 
of calcium-phosphate precipitates in the kidney) or other soft tissue 
calcium deposition. 

The current labeling for Foscavir states (WARNINGS; Mineral and 
Electrolyte Imbalance), "Therefore, patients should be advised to report 
symptoms of low ionized calcium such as perioral tingling, numbness in 
the extremities and paresthesias. Physicians should be prepared to treat 
these as well as severe manifestations of electrolyte abnormalities such 
as tetany and seizures. The rate of Foscavir infusion may affect the 
transient decrease in ionized calcium. Slowing the rate may decrease or 
prevent symptoms." 

Possible Meehan/ams of Cerebyx-lnduced Sensory Disturbance: 
There are many ways that Cerebyx could cause sensory symptoms. Any 
explanation ha• to account for a lack of aymptoma at 
bloequivalent dosing regimen• of parenteral Dllantln. Perhaps IV 
fosphenytoin (the parent compound) alone causes sensory disturbance. Or 
perhaps lV fosphenytoin results in a distribution of phenytoin in tissues 
that is different from the distribution that results from parenteral 
Dilantin. Formate and phosphate are the two byproducts of fosphenytoln 
metabolism. Either one of these could cause transient sensory 
disturbances either directly or via an intermediate step. 

A. Formate: Note that several steps are necessary in the metabolism of 
Cerebyx before the formation of formate. Given lhe almost immediate 

1Jacobson, Gambertoglio, Aweeka, Causey, and Portale. Foscarnet .. 
induced hypocalcemia and effects of foscarnet on calcium metabolism. J. 
Clin Endocrjnol Metab 72: 1130-1135, 1991. 

2Lor and Liu. Neurologic sequelae associated with foscarnet therapy. 
Ann· Pharmacothet 28(9): 1035· 7, 1994. 
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onset of the sensory phenomenon, it seems unlikely that formate would be 
the causative agent. 

8. Phosphate: When I investigated the degree of phosphate loading with 
Cerebyx, I was impressed. Approximately 1 gram of phosphorus is 
ingested each day in an average United States diet. Of this, 700mg is 
absorbed. In comparison, an IV loading dose of Cerebyx includes 75mg of 
phosphorus; the SE dosing regimen would introduce the fosphenytoin over 
7 minutes. One outdated regimen for treating hypercalcemia3 was to give 
phosphates IV at a dose of 20 to 30 mg of elemental phosphorus per kg 
over 1 ~ to 16 hours. In a 70kg person, this would result In 1 OOmg/hr. A 
stated hazard of this therapy was extraskeletal calcifications, including 
nephrocalcinosis with resulting renal failure. 

C. Sponsor's Comments on Mechanisms: The sponsor first addresses 
underlying mechanisms of these sensory disturbances from Cerebyx on the 
third-to-the-last page of the second safety update. "Although the 
underlying mechanism of fosphenytoin-induced pruritus and paresthesia is 
unknown, similar symptoms have also been reported for other phosphate
ester prodrugs and for foscarnet." The "other phosphate-ester prodrugs" 
referenced by the sponsor are Decadron and Hydrocortone. 

Curiously, the character and location of the sensory disturbance described 
for Decadron and Hydrocortone matches the dominant description in 
Cerebyx-treated subjects. With all 3 agents, patients describe a burning 
or itching which localizes primarily to the groin area. 

By my calculation, IV loading dosr:s of Decadron and Hydrocortone provide 
1 /20th-1/10th the elemental pho~phorus provided by a loading dose of 
Cerebyx. Therefore, assuming phosphate is the common link, it would not 
be surprising that Cerebyx would produce more severe burning and itching. 

Calcium Metabollam: Calcium is usually measured in the clinic as total 
serum calcium (normal 9·10.4mg/dl). About 50°/o of serum calcium is 
ionized and 100/o is complexed with citrate, phosphate, bicarbonate, and 
lactate. The rest (40°/o) is protein-bound, mninly to albumin. The 
concentration of serum calcium is reflected in the proportion: [Ca] x 

3Aenal and Electrolyte Disorders Schrier (editor). Little, Brown and 
Company, 1976; p 198. 
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[Phosphate]/[Calcium-Phosphate]. The normal range for phosphorus is 3-
4.Smg/dl. The product of [Ca) (mg/dl) x [Ph] (mg/dl) therefore normally 
approaches 50. When the product approaches 60· 70, most textbooks raise 
concern about precipitation with resultant soft tissue calcification, to 
include nephrocalcinosis. 

By weight, phosphorus represents 15/406 or 3-40/o of fosphenytoin so that 
a loading dose of Cerebyx delivers 75mg phosphorus. If this load 
remained in the vascular space, the serum phosphorus could theoretically 
rise by 2mg/dl, thereby raising the calcium-phosphorus product to 70. 
This would drive the equilibrium toward calciumftphosphate and tend to 
lower calcium. As with Foscavir, the Ionized free calcium would probably 
reflect this drop better than total serum calcium values. 

Note, however, that hypocalcemia typically causes a tingling sensation 
around the face and in the hands, not a burning ir· the groin as we have 
seen in many Cerebyx patients. 

Although the sponsor has not acknowledged this theoretical concern, it 
must have crossed their minds. The second safety update briefly 
summarizes an open-label safety and PK study performed in June 1995 
which incorporated 16 healthy subjects, each given a single SE dose of 
Cerebyx (Study 27). In reviewing individual lab listings for these 
subjects, I notice that 9/16 subjects had ionized free calcium levels 
performed at 18 minutes, while 5 of the same subjects had ionized free 
calcium levels performed at 8 minutes. None of the levels are remarkable, 
either when viewed as absolute values or as change from baseline. 
Certainly these measurements are not comparable to those reported for 
Foscavir. However, note that the SE dose of Cerebyx is delivered over 7 
minutes. With only 5 ionized free calcium level checked at 8 minutes and 
the rest performed at 18 minutes, I do not believe we can rule out the 
occurrence of a transient hypocalcemia during the 7 minute infusion. 
Further, the clinical status of these 5 (or 9) subjects is not stated. Were 
they subjects with or without pruritus ? 

In the absence of more data on ionizeri free calcium, I reviewed total 
calcium levels in Study 26. Note that, aside from the 8 and 18 minute 
clinical labs in Study 27, I am not aware of clinical labs in any other 
studies being performed early enough to be informative on this subject. 
Still, 25°/o of Cerebyx-treated patients in Study 26 are listed with low 
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calcium levels. Since this does not differ from the Dilantin-treated 
group. I would doubt It is important. 

A review of all deaths and serious AEs in Study 26 raises no particular 
concerns regardir.g other manifestations of hypocalcemia. In particular, 
do not see any description of seizures occurring in proximity 'to Cerebyx 
infusions, cardiac rhythm disturbance, or tetany. In fact, the profile of 
serious AEs appears roughly the same for Cerebyx and Dilantin treated 
patients in Study 26. Again, though, patients In Study 26 "had near 
normal level• of conaclouaneaa to report adverse events and 
Infusion tolerance" (2nd safety update,p35) which may . not 
mirror the SE population moat likely to receive the SE doses of 
Cerebyx. Patients In Study 26 could report sensory symptoms 
early and thereby cause their rate to be lowered. 

Summary: 

1. The natural history of the sensory disturbance caused by Cerebyx at SE 
dosing has not been fully characterized. In particular, we do not know if 
the intensity (severe for many) correlated with duration (many hours for 
some), especially in the absence of dose and rate reductions. 

Relevant to this last point is that the number of known obtunded patients 
given SE dosing regimens remains small. (We don't know the level of 
consciousness for all Study 26 patients.) For these patients, the longterm 
follow-up was short, 3-5 days by protocol. More obtunded patients, given 
SE dosing without rate reductions and followed tor longer periods of time, 
would add a margin of safety to the Cerebyx experience. (Perhaps Study 
2'; contains some of this information.) Pertinent to this, the patients in 
Study 16 who were given the SE dosing regimen could have their status at 
the 3-5 day visit teased out and presented separately. Patient 2 at Center 
8 has pruritus beginning on day 2, continuing, and not yet recovered, but 
the duration of follow-up is not clearly stated. The "mild itching feeling" 
reported for Patient 22, Center 9 in Study 16 on Day 4, just after 
experiencing post-ictal psychosis is intriguing along these lines. 

2. One very plausible thEory for the sensory disturbance (one which the 
sponsor has begun to investigate in Study 27) is a drug-induced transient 
drop in ionized free calcium. I believe this needs to be investigated more 
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comprehensively, prior to drug approval. This could be accomplished by 
checking free calcium levels more frequently, at earlier time points, and 
in more patients. There may be value in also check.ing magnesium levels 
at the same time, since magnesium is another example of a divalent 
cation. Sensory symptoms could be correlated with calcium and 
magnesium levels. (Indeed, presenting free calcium levels for 9/16 
subjects in Study 27 raises the concern that values are not presented for 
the subjects with sensory disturbances.) 

Relevant to the this, the sponsor could measure serum phosphate levels in 
closer proximity to the infusion since phosphate levels would predict 
potential for hypocalcemia. 

• 
12 



Formate 

For each mmole of Cerebyx administered, one mmole of formate is 
produced. Therefore, a loading dose of Cerebyx delivers about 5 mmoles of 
formate to the individual. Assuming all the formate stayed within the 
circulation (5 liters), a maximal theoretical increase of 1 MMOLJL in 
background formate levels could occur. This was recognized at the time 
the IND for fosphenytoin was ffrst filed in 1986 (see the pharm/tox 
review of Dr. Fitzgerald from 1986). 

In 1986, the sponsor - - at that time) measured formate levels in 4 
subjects administered a small loading dose of fosphenytoin over 30 
minutes (half as much fos as constitutes a current loading dose, given 
over a greater time interval). Background levels were 0.5 MMOUL and did 
not increase. Since then, formate levels have not been measured in any 
human studies of Cerebyx. 

Given the measured background levels in that study and the maximal 
theoretical increase, the maximal theoretical level that could be achieved 
after a Cerebyx loading dose is 1.5 MMOUL. 

In monkey studies referenced by Dr. Fisher in the current pharm/tox 
review, formate levels as low as 7 MMOL/L could cause the characteristic 
optic nerve lesions of formate toxicity (implied, but not clearly stated, is 
that levels below 7 MMOUL did not cause the lesion in the monkey 
studies). 

There are ongoing investigations into the mechanism of methanol toxicity, 
due in part to interest in methanol as an automotive fuel. Methanol is 
converted to formaldehyde and then to formate. Investigators have found 
that rats, normally resistant to methanol toxicity, can be made sensitive 
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to methanol toxicity by creating a state of folate deficiency.1,2 This 
folate-reduced (FA) rat model has been the subject of some recent studies 
on methanol toxicity. In this model, 2.5-3.0 MMOUL formate probably 
represents the NOEL (personal communication from Robert Louis-Ferdinand 
to Dr. Ed Fisher). Formate levels of 7-10 MMOUL are associated with 
changes in the electroretinogram of the FR rat and with the histological 
abnormalities in the optic nerve. 

In the NOA, preclinical studies were performed in non-primates which are 
not susceptible to formate toxicity unless they are made folate deficient. 
Formate levels were not measured in these studies. 

The human clinical literature on methanol toxicity includes reported 
formate levels in patients who died, suffered visual loss, and who 
survived without deficits.3,4 Formate levels as low as 2·4 MMOUL are 
raported in some fatalities. Unfortunately, the timing of these levels in 
relation to the methanol exposure are not always clear. Some reported 
formate levels may be peak levels white others are trough levelP. Levels 
of 1 O MMOL/L and above do seem to consistently be associated with poor 
outcomes. Levels below 1 O have outcomes that vary from complete 
recovery to death. Based on the information from monkey and FR rat 
studies. I believe the human levels below 10 in association with poor 

1 Lee, ;arner, and Terzo. A rat model manifesting methanol-induced 
visual dysfunction suitable for both acute and long-term exposure studies. 
Toxjcol.Appl. Pharmacol. 128: 199-206, 1994. 

2Garner, Lee, and Louis-Ferdinand. Muller cell involvement in 
methanol-induced retinal toxicity. Toxjcol.Appl.PharmaCAL. 130: 101-107, 
1995. 

38rown-Woodman, Huq, Hayes, Herlihy, Picker, and Webster. In vitro 
assessment of the effect of methanol and the metabolite, formic acid, on 
embryonic development of the rat. Iaratolggy 52: 233·243, 1995. (See 
their Table Q for a range of reported formate levels in human methanol 
'cxicity.) 

4McMartin, Ambre, and Tephly. Methanol poisoning in human 
subjects: Role for formic acid accumulation in the metabolic acidosis. 
Am.J.Med. 68: 414·418, 1980. 
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outcomes may simply represent trough levels in patients who experience 
much higher levels at other times in their clinical course. 

Folate-deficient populations are a topic of some discussion in the 
literature on methanol toxicity. Alcoholism, pregnancy, and chronic 
phenytoin therapy are all states known to be ass'lciated with folate 
deficiency. Treatments that alter folate metabolism, such as dietary 
manipulation, nitrous oxide, and methotrexate, have been shown to modify 
methanol toxicity in monkeys and rats. Methanol-derived levels of 
formate are higher in folate-deficient monkeys than in normal monkeys 
after similar exposures to methanol.5 These authors found that elevations 
in formate levels after very high inhalation exposures, whether in normal 
or folate-deficient monkeys, were only a fraction of background formate 
levels. 

Acidosis: Severe methanol toxicity is associated with a severe acidosis, 
as well as high formate levels. To quote one paper on methanol poisoning, 
11Formate accumulation occurs in a manner reciprocal to the depletion of 
bicarbonate.''4 When searching the line listings for Study 27 in the recent 
safety update, I found fairly complete data on bicarbonate levels from the 
16 subjects given loading doses. These levels were collected at regular 
30 minute intervals. For the 16 subjects entered, many of them showed 
some small decrement in bicarb with the nadir occurring at different 
times for different subjects. The biggest decrement occurred for subject 
16, with a baseline bicarb of 25.4 and an end-of-infusion reading of 18.6. 
(19-26MMOUL is given as the normal range.) It is unclear if these small 
decrements represent normal variability over time or some consistent 
effect of the infusions. 

I wonder if the decrements seen in bicarbonate in Study 27 might be used 
as markers for elevations in formate levels. Again, the sponsor has not 
specifically called attention to the existence of the bicarbonate data or to 
its significance. (It is not clearly stated why the bicarb levels were 
check'3d in the first place.) 

soorman, Moss, Farris, Janszen, Bond, and Mftdinsky. 
Pharmacokinetics of inhaled (14C) methanol and methanol-derived (14C) 
formate in normal and fotate·deficient cynomolgus monkeys. 
Toxjcol.ApoL PharmacoL 128: 229-238, 1994. 
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Labeling for Cerebyx will have to reflect the fact that patients with 
status epilepticus usually have an underlying metabolic acidosis, the 
degree of which varies with the severity of the status and the cause of 
the status (see Patient 11, Study 16; multiple drug overdose), and that 
Cerebyx may add to this derangement. 

Anion Gap: If there is a transient decrease in bicarbonate in the absense 
of a change in sodium and chloride. we have defined an increase in the 
anion gap. Formation of formate and/or phosphate loading could increase 
the anion gap. For subject 16 in Study 27. the anion gap at the end of the 
infusion was 16 with a normal of 8-16. 

Sensory Symptoms: In the animal toxicology studies, Dr. Fisher has not 
seen any evidence of severe sensory symptoms such as writhing. If the 
animals experience the same phosphate load as humans (or slightly 
greater), and if phosphate is the origin of sensory symptoms, some painfu! 
behavior would have been expected. Since we know that formate 
metabolism is one area where these non-primates differ from humans in 
Cerebyx-processing, the question arises whether formate accumulation in 
humans could be contributing to the sensory disturbance. 

Summary: 

1. Formate levels have not been measured in humans after a loading dose 
of Cerebyx. 

2. Formate levels have not been measured in folate-deficient humans 
after a loading dose of Cerebyx. 



Introduction 

A. Administrative History 

Following is a brief chronology of the IND and NOA: 

1984 
1986 
1990 
1990 
1991 
5/91 
2/92 
7/94 
9/94 
2/95 
6/95 
10/95 

files IND 
transfers IND tc 

for Fos 

transfers IND to Warner Lambert/Parke-Davis 
Orphan drug designation for grand mal status 
IM clinical studies begin 
IV clinical studies begin 
NOA filed 
Refuse to file letter 
Resubmission of NOA 
First safety update 
Second safety update 

The basis for the refuse to file action in SepteJTlber 1994 was the small 
number of patients and volunteers treated with· Fos at a rate of 150 
mg/min PE. Only 4 pts with status epilepticus had been treated at that 
rate while about 20 normal volunteers had been treated at that rate. 

The sponsor continued to enroll pts in an ongoing status epilepticus study 
after the NOA was filed. On the basis of the increased numbers of pts 
treated as well as a recalculation of infusion rates for some previously· 
treated pts, it was agreed that the sponsor would resubmit the NOA in 
1995. 

B. Material Utlllzed In Review 

The NOA dated July 14. 1994 and received July 15, 1994 included 93 
volumes. Volumes 1.1, 1.47-1. 72, and 1.89·1.92 from that submission 
were used for purposes of this review. 
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After the refusal to file, a resubmission dated February 22, 1995 and 
received February 23, 1995 was submitted. The resubmission included 15 
volumes. Volumes 3.1 and 3.9-3.12 from the resubmission were 
frequently used for purposes of this review. Those volumes included a 
rewritten Integrated Summary of Safety and rewritten study reports for 
Studies 982-15, 982-21, and 982-16. 

The 4-month safety update dated June 22, 1995 and received June 23, 
1995 was also used for this review. At my request, Tables 5 and 6 from 
the safety update were changed by the sponsor and submitted September 
14, 1995. 

The FDA Biopharm Review is also integral to the review of this NOA. 

C. Background 

Fosphenytoln Sodium (Fos) is the disodium phosphate ester of 3· 
hydroxymothyl-5,5-diphenylhydantoin. It is a prodrug of phenytoin. It is 
rapidly and completely converted to phenytoin in vivo by ubiquitous 
phosphatases. Because of the phosphate ester, 150 mg Foa yields 100 mg 
phenytoin sodium. In this report, doses of Fos and dose rates of Fos will 
always be expressed as phenytoln equivalents (PE) as opposed to actual mg 
Fos. 

According to the sponsor, the presumed advantages of Fos over parenteral 
phenytoin are: 

• 
• 
* 
• 

* 

• 

pH 8.8 as opposed to pH 12 of Oilantln 
freely soluble and stable in common IV fluids 
can be used IM 
shorter adminiatration times; can be given at 150 mg/min while 

Dilantin is limited to 50 mg/min 
minimal tissue traums at injection site (presumably due to lower 

pH 
no cardiovascular toxicity including hypotension 

While shorter administration times could be a distinct advantage in 
emergent situations, it will be seen below that this is actually a 
necessity in order to meet bioequivalence standards baaed on free 
phenytoir. levels after IV administration. 
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The relative local injection site toxicities and cardiovascular toxicities 
of Fos and parenteral Dllantin remain a topic for this review. 

In fact, this NOA ia unique in many ways. First, there are no controlled 
trials to support the efficacy of Fos. The •controlled trials" submitted 
were really not designed to show a difference between treatment groups 
on a protocol-specified efficacy outcome. The majority of patients 
studied were not having seizures, but were only at risk tor seizures for 
one reason or another. 

Secondly, the bioequivalence data submitted in support of this application 
really only applies to the isolated instance of IV loading. To my 
knowledge, no bioequivalence data for IV maintenance dosing, IM loading, 
or IM maintenence dosing has been submitted. 

Thirdly, the limited safety database submitted in support of this 
application can be partitioned in two ways. The first way partitions the 
data by route of administration, IV versus IM. (In addition to the systemic 
toxicities that could be part and parcel of the route-determined 
bioavailability, there exists the route-specific local toxicities.) The 
second way partitions the data by loading versus maintenance ciosing. 

While the safety of a loading dose also speaks to the safety of a 
maintenance dose by the same route of administration, the converse is not 
true. Because of this last point, I have divided the patient safety database 
as seen in the table below. Subjects in normal volunteer studies are not 
included in this table. Since almost all normal volunteer studies (n•148 
Fas-exposed subjects) were single loading dose studies, these studies 
would be expected to add information primarily to the IV loading group. 

Loading Maintenance Loading Plus 
Maintenance 

IV Route 181 88 181 

IM Route 178 297 357 

Note that the definition of "Loading" for purposes of such a tabla can be 
complicated. We could look only at the 11bioequivalent" IV loading dose, 
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with a vary precise rate and total dose. Or we could include anyone with a 
total dose of 20mg/kg PE given over an hour or leas (a aubacute loading 
dose). Or we could include anyone with the "btoequlvalent" rate even if 
the total dose was as low as 10mg/kg PE. Interestingly enough, for the IM 
route, a bioequivalent loading dose cannot be defined because parenteral 
Dilantin is rarely given IM. The systemic bioavallabllity of IM Fas is 
reported to be 1 OOo/o 

D. Proposed Direction• for Uae 

The proposed labeling seeks an indication of Foe for short-term parenteral 
use for up to 14 days: 

o for status epilepticus 
o for the treatment or prophylaxis of seizures in patients with 

epilepsy or in neurosurglcal patients 
o as a substitute for oral phenytoin when oral administration is 

not feasible 

The Dosage and Administration Section of the proposed labeling describes 
4 situations for use: 

1. IV loading in status epileptlcus 
2. IM or IV loading for treatment or prophylaxis 
3. IM or IV use for maintenance therapy 
4. IM or IV use for temporary substitution for oral Dilantln 

For status epilapticus, "the standard loading dose is 22.5 to 30 mg/kg 
(15-20 PE) infused at 150 to 225 mg/min (100·150 PE) in adults ... with 
vital signs ... and cardiac rhythm (ECG) monitored during and immediately 
after the infusion ... Cerebyx (19.5-25.5 mg,~· or 13·17 PE) administered 
at 225 mg/min (150 PE) is bloequivalent to an equimolar dose of Dilantin 
administered parenterally at 50 mg/min." 

Further, "Guidelines for the treatment of status epilepticus suggest that 
patients still in status epileptlcua after a phanytoin loading dose of 20 
mg/kg may i·eceive additional loading doses of 5 mg/kg up to a maximal 
dose of 30 mg/kg. Baaed on the1e guldellne1, patients treated with 
Cerebyx still in status epilepticus after a Cerebyx loading doae of 30 
mg/kg (20mg PE) may receive additional Cerebyx loading doses of 7.5 
mg/kg (Smg PE) up to a maximal Cerebyx dose of 45 mg/kg (30mg PE)." 
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The sponsor has studied the loading doses above and, l'Jaaed on free 
phenytoln concentratlona, has found that Cerebyx infusions at 225 
mg/min (150mg PE) are bioequlvalent to standard Dilantin loading doses. 
However, if the standard of care for refractory status includes 
additional boluses, the sponsor has not studied the PK of Cerebyx at these 
higher doses. 

E. Foral an Marketing 

Fosphenyi >in ~ ·.;Jt marketed in any codnt1y. 

F. Related IND• 

Fosphenytoin is being d1welopad under 2 separate INDs: IND 
epilepsy and IND 
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PK Studies 

IM Foa Maintenance 

The bioavailability of phenytoln, given as IM Fos, is 1000/o. In contrast, the 
bioavailability of phenytoln, given as Dilantin Kapseals is 90%. 

Bloequlvalence Studies for Emergent IV Load . .ig 

Study 18 was a 4-way crossover study of different doses and infusion 
rates. The concentration-time curves depicted in the publication of this 
study depict nearly superimposable curves for 1200 mg given at 100 
mg/min and 150 mg/min. While not designed as a bloequivalence study, it 
appears that these 2 infusion rates would be bioequivalent and, 
additionally, both result in similar rise times for free phenytoin 
concentrations. 

Data from a second published PK study shows Fos at 100 mg/min to have a 
slower rise time of free phenytoin concentration than Fos at 150 mg/min; 
the Cmax and AUCs appear similar otherwise. This study was designed as 
a bioequivalence study: Only Fos at 150 mg/min was bioequivalent to 
Dilantin at 50 mg/min. The rise time of free phenytoin levels was steeper 
for Fos, resulting in maximal levels about 5-7 minutes faster for Fos than 
Dllantin. 

Safety Concern• for Emergent IV Loading In Light of PK Data 

As described in later sections, there is minimal safety data for IV Fos 
given at a rate of 150 mg/min PE. The safety experience widens 
considerably if 100 mg/min is used as a cutoff. 
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The 2 PK studies present discrepant data. In one, 100 vs 150 appear 
equivalent with similar rise times for free phenytoin levels. In the other, 
only 150 is bioequivalent to Dilantin 50 mg/min. 

The rise time for free phenytoin levels is significantly faster in one PK 
study compared to Dilantin. In the other study, the rise time is less steep 
and is similar for both 100 and 150 mg/min infusion rates. If the rise 
time is steeper with Fos 150 mg/min than for Dilantin at 50 mg/min, the 
potential exists for increased cardiovascular toxicity with Fos than with 
Dilantin. The only way to resolve the safety Issue would be to 
conduct a large enough safety study powered to detect ·a 
difference between parenteral Oilantln and Foa, given at 
50mg/mln and 150mg/mln respectively. A study with pts 
randomized to these 2 infusion rates has been designed by the sponsor to 
begin in April 1995, but it is unlikely that this study will have the power 
to detect a difference between the two drugs with respect to this AE. 
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Safety 

Preclinical Safety Profile (see Dr. Fisher's review) 

The toxicological profile of Fos was essentially the same as that of 
phenytoin. Acute IV toxicity studies were conducted in mice, rats, 
rabbits, and dogs. Multidose toxicity studies were conducted by both the 
IV and IM routes in rats and dogs. The IV studies were 4 weeks in duration 
while the IM studies were 13 weeks in duration. 

Special studies of local tissue irritation were conducted. Fos produced 
significantly less venous and perivascular irritation than phenytoin at 
equimolar concentrations. Local irritation after IM injection of Fos to 
rabbits was significantly lower than after IM phenytoin. 

The cardiovascular effects of equimolar doses of phenytoin and Fos were 
comparable following IV bolus injection to anesthetized female dogs. Any 
less pronounced effects seen after Fos administration are presumed to be 
due to the lower peak blood levels of phenytoin resulting from its 
administration (22 vs 49 mcg/ml). 

The formation of formaldehyde after Fos administration raises a 
theoretical safety concern. The theoretical maximum dose of 
formaldehyde (assuming complete, instantaneous conversion) after an IV 
dose of 2100 mg Fos (proposed maximum human dose) based on a 1 :1 molar 
ratio would be 5.17 mmol or about 0.1 mmol/kg (3 mg/kg) for a 50 kg 
person. Using modeling techniques, peak formaldehyde levels were 
predicted to be approximately 0.18 mmol/L, with concentrations declining 
to background levels (0.027-0.068 mmol/L) within 20 minutes. Plasma 
formate levels measured in 4 healthy volunteers following administration 
of 1200 mg of Fos by IV infusion over 30 min were not significantly 
different from those observed in a placebo group or from baseline levels 
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(25 mg/L). 

Dr. Fisher has reviewed the genetic toxicity and reproductive toxicity 
studies. Developmental toxicity seen in rats given Fos is consistent with 
that previously reported with phenytoin. 

Fos was clastogenic in Chinese hamster lung cells. Phenytoin was 
reportedly not clastogenic in previous studies with CHO cell:;.. One 
explanation for this discrepancy is that the clastogenicity of Fos is due to 
formaldehyde formation. 

1.0 Exposure 

849 volunteers and patients have participated in all Fos studies included 
in the NOA. These volunteers and patients account for 942 exposures to 
some study drug (Fos, phenytoin, or placebo) if patients in crossover 
studies are counted as 2 separate exposures. 

736 volunteers or patients have been exposed to Fos, including 148 
volunteers and 588 patients. 534 patients were part of the completed 
clinical studies while an additional 54 patients were part of ongoing 
Study 1 A (status epilepticus). 

The sponsor's list of all studies is attached. 

Note that almost all 148 volunteers in the early dose-escalation and PK 
studies received single IV doses of Fos. 

Two of the studies in patients were unusual in their dosing regimens. In 
study 005, patients received half of their maintenance oral dose of 
phenytoin as IV Fos and the other half as IM Fos. Study 1 O was an isotope 
study. 
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E.<cluding those 2 studies, the remaining patients in clinical studies can 
be divided as follows: 

IY "Loa.d" 

Study 21: 39 Fas patients• 
Study 15: 88 Fas patients** 
Study 16: 54 Fas patients*** 

IV Majntenan~e 

Study 15: 88 Fos patients (1 week)** 

IM Load 

Study 22: 60 Fos patients* 
Study 14: 118 Fos patients .. 

IM. Maintenance 

Study 13: 179 Fos patients• 
Study 14: 118 Fos patients .. 

* 

* * 
* • • 

epilepsy patients 
neurosurgery patients 
status epilepticus 

With the exception of 6 patients in Study 16 (status epilepticus), all 
patient~ were 16 years of age or older. Study 16 included 6 patients 
between tho ages of 5 and 10 years. 
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Duration of exposure by route of administration (••• aponaor'e 
Figure 4): 

Approximately 200 patients received IM Fos for 5 days, but only about 20 
patients received IM Fos for 6 days or greater. IM exposure to Fos was 
heavHy influenced by Study 13 which was designed as a 5-day study. 

Approximately 60 patients received IV Fos for 4 days, but only about 18 
patients received IV Fos for 5 days or greater. IV exposure to Fos was 
dependent on Study 15 where there was a proto~ol-apeclfiad option to 
switch to PO Dilantin after 3 days at the investigators' discretion. 

Doae and Rate (see 1ponsor'1 Figure 7 which Incorporates both 
volunteers and patients): 

The total dose given obviously depended on whether the dose was designed 
as a loading dose or a maintenance dose. 

The rate of administration for IV dosing was generally about 50 mg/min ± 
20 except where specifically pushed higher to the bioequivalent rates 
necessary in status (150 mg/min). 

2.0 Volunteer Studies 

148 unique volunteers were exposed to Fos. Some of these individuals 
may have received more than one exposure to Fos. As mentioned above, 
most of these volunteers received single IV doses as part of dose· 
escalation or PK studies. Sponsor's Table 3 represents the number of 
unique volunteer·~ exposed to Fos, Dilantin, and placebo in these studies. 

2.1 Deaths 

There were no deaths in volunteer studies. 

2.2 Serioua AEa and Dlacontlnuatlona 

There were 3 serious AEs reported in volunteer studies, 2 were on Fos and 
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TABLE 3. Source and Number of Subjects 
Placebo Fosphenytoio Dilantio Total In Tocal Expos&d ro 

Study 
JV IM IV JV Snadya Fosphenyroin1 

982..001 5 0 20 0 25 20 
9~2..002 0 0 12 12 12 12 
982.003 1 0 28 0 31 18 
982-006 0 12 0 12 12 12 

982-007 0 0 IS 0 15 15 
982..011 0 0 11 0 II 11 
982--012 6 0 6 6 6 6 
982..017 0 0 0 2 2 0 

982-018 21 0 20 0 21 20 
982-020 12 0 12 12 12 12 
982-024 0 0 12 12 12 12 

.-.,...·~'~·· 
Total 47 12 136 56 159 148 

... _,,, ·~' 4 ...... . . • Each subject counted once 
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1 was on OBantin.. The patient narratives for all 3 patients are included 
below. The first Fos volunteer experienced progressiv& bradycardia 
leading to asystole for 23 seconds. During the asystole, the volunteer 
experienced 15 seconds of tonic-clonk~ movement. Because of subsequent 
abnormal electrophysiologic testing, the case was deemed unrelated to 
study drug. The subject had received SOOmg of a planned 750mg bolus at 
1 SOmg/min. 

The second Fos patient had hypotension and syncope after receiving 650mg 
of a planned 750mg bolus at 50mg/min. Bradycardia accompanied the 
event. 

The Dilantin subject experienc(;.u .1ypotension after receiving 600mg of 
Dilantin at SOmg/min. 

All 3 e·:c!"ts seem most consistent with vasovagal reactions. 

The classification of "discontinuations" or "withdrawals" would be 
somewhat uninformative for these volunteer studies since most of the 
studies were single dose IV "Jdies. Nevertheless, there were 3 
discontinuations. The 2 p1 1v mentioned Fas serious AEs account for 
2 of the 3 discontinuations. third discontinuation was a Dilantin 
treated subject who developed a wandering cardiac pacemaker during 
infusion. 

2.3 Severe AEs 

Severe AEs were reported in 5 Fos subjects and 3 Dilantin subject&. 1 /5 
severe Fos reactions was described as a serious AE; the other 4 severe 
AEs were: ataxia, stupor, tinnitus, and pruritus. The 3 severe Dilantln 
AEs were: injection site pain in 2 subjects and hypotension in 1 subject. 

2.4 All AEs 

The sponsor has chosen to present the AE data relative to the number of 
exposures vs the number of subjects. For this reason, the denominators 
differ from Table 3 above in that there were 211 Fos exposures in 148 
subjects. The number of exposures = number of subjects for placebo and 
Dilantin subjects. Sponsor's Table 6 shows all AEs, as well as those 
characterized as associated with test drug. 
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TABLE 6. All and A~~ociated Adverse Events by Body System and Treatment 09 "' .. -
~ tt1 ~ - ..... (Number (II) of Exposures in St1bjects) "" .., a. o -g 

(Page I of 4) ~ ~ . w =· :r E3 t - Placebo Fosphenyloin' Dilantin 0 g Cl 
> BODY SYSTEM/ N = 47 N = 211 N = 56 :s ~ 

Prererm:I Tenn 
All Associaled All Associaled All Anocialed ~·~ 9 

ANY BODY SYSTEM 14 (29.8) 12 (2S .. S) 141 (66.8) 136 (64.5) 38 (67.9) 36 (6.f.J) en o 8. .._. 
NERVOUS 6 (12.8) 6 (?2.8) Ill (S8.J) 121 (Sl.J) 31 (S7. I) 32 (Sl. I) -·t c_ 

NyS1:11111us l (6.4) ) (6.4) SJ (2.S. I) S3 (2S. I) 29 (SI.I) 29 (SI.I) 3 
Oiuines~ 2 (4.3) 2 (4.J) 80 (37.9) 80 (37.9) 20 (lS.7) 20 (lS. 7) i 

Paresthesia I (2.1) I (2.1) 68 (32.2) 66 (JI .J) 11 (19.6) 11 (1.9.6) 

Sonwml.:nt·c 0 (0.0) 0 (0.0) 1 (l.l) 7 (l.J) 0 (0.0) 0 (0.0) 

Ataxia 0 (0.0) 0 (0.0) J (1.4) J (1.4) l (3.6) 2 (3.6) 

Tremor 0 (CJ.0) 0 (0.0) 2 (0.9) 2 (0.9) 0 (0.0) 0 (0.0) 
lncoon:liM•ion 0 C0.0) 0 (0.'0} l (1.4) l (1.4) 0 (0.0) 0 (0.0) 
Hypert011ia 0 (0.0) 0 (0.0) 2 (0.9) 0 (0.0) 0 (~.0) 0 (0.0) 
Stupor 0 (0.0) () f0.0) I (0.S) I (O.S) 0 (0.0) 0 (0.0) ..., 
Euphoria 0 (0.0) 0 (0.0) s (2.4) s (1.4) 3 (5.,) 3 (5.4) '.0 

Anxiety 0 (0.0) 0 (0.0) I (0.S) I (O.S) I (I.I) I (I.I) • 
Hypesdlesia 0 (0.0) 0 (0.0) J (1.4) J (? • .f) 0 (0.0) 0 (0.0) 

ThiMina Abnomml 0 (0.0) 0 tO.O) 1 (1.4) J (1.4) l (3.6) l (3.6) 
Nervousness ' (2. I) 1 (l. I) l (0.9) l (0.9) 1 (3.6) 1 (3.6) 
A.bnonnal Gair 0 (0.0) 0 (0.0) I (O.S) ' (O.S) 0 (0.0) 0 (0.0) 
Dytarthria 0 (0.0l 0 (0.0) I (0.S) I (0.S) 3 (S.4) l (5.4) 
T•ik'lting 0 (0.0) 0 (0.0) 4 (1.9) 4 (1.9) l (3.6) 2 (3.6) 
C Oll\'Ufsion 0 cO.O> 0 (CJ.O) I (O.S) I (O.S) 0 (0.0) 0 (0.0) 

Circumoral Parcsthc,ia 0 f0.0) 0 (0.0) 2 (0.9J 2 (0.9) 3 (S.4) l (S.4) 
CNS l>q>fession 0 (0.0) 0 (0.0) I (0.S) ' (O.S) 0 (0.0) 0 (0.0) 

Jb~odatt!d = A~sc>t·i:iilc."d aJ'·"·r~ .e\·.enr .. arc lhc ct·ttt1s ,.,,..~iJcml hy lhc investigalor lo be relaled. probably related, possibly related, 
or of 1111lno• n rdafion .. bip lo f~:lfnk"Hf. 

• Data for .. uhi ... '-·1 ... in Siu.I~ ""~-Ct 11 "ho r.:cc.-iHcl hoth foo;phcnyloin and f~hcnyloin pins diazepam arc included as 2 separate 
npn~urc .. in the fu'ifllh.·n~ loin rnlumn. l>ala lnr !!i11l~i\."Cls in Stud~- 9112·O11 for the periods during which they received diazepam 
alone Ir( nut induckd in this table. 
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""' --~ TABLE 6. All and Associa1cd Adverse Event~ hy Body System and Trurmenr oe,.;i .. -
- -.J 1 Number ( 3) of Exprnmres i11 Subjects) V- N -g 

(Page 2 of 4) ""' t rl:tcebo Fosphenytoin• - Dilmlia 
> hOOY SYSTEM/ N = 47 N = 211 N•.56 

Prderred Term 
All Associaled All Associ91ed AJI Associaled 

DODY A.S A WHOl.E 6 { 12.8) s (10.6) 4S (21.3) 39 {II S), lS (':l4.6) 24 {42.9) - !feadache I (2.1) I (2.1) 26 (12.3) 24 (11.4) 8 (14.l) s (8.9) 

Pain 0 (0.0) 0 {0.0) l (0.9) l (0.S) I (1.8) I (l.8) 
Acddetll•I Injury 0 (0.0) 0 (0.0) I (0.S) 0 (0.0) 0 (0.0) 0 (0.0) 
Injection-Site Reaction 2 (4.3) I (2.1) 4 (1.9) l (1.4) 7 (12.S) ? (12.S) 
lnfectioa 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I (I.I) I (I.I) 

Injection-Sile Pain 3 (6.4) J (6.4) 4 (1.9) 4 (1.9) 17 (30.4) 17 (30.4) 
Aslhenia 0 (0.0) 0 (0.0) 3 (1.4) 2 (0.9) 0 (0.0) 0 (0.0) 

~ Chills 0 (0.0) 0 (0.0) 1 (J.l) 1 (3.J) 2 (3.6) 1 (l.6) 
0 Chest Pain 0 (0.0) 0 (0.0) I (0.S) 0 (0.0) 0 (0.0) 0 (0.0) 

Injection-Sire lnftamrnalion 0 (0.0) 0 (0.0) 2 (0.9) I (O.S) 2 (3.6) l (3.6) 
Ru Syndrome 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)' ~ (I.I) I (I.I) 
Pholoseasitivi:ty Reaction 0 (0.0) 0 (0.0) I (O.S) I (O.S), 0 (0.0) 0 (0.0) 

DIGEmVE I (2.1) I (2.1) 24 (11.4) 21 (10.0~ 10 07.9) 10 (17.9) 
Natnea I \2.1) I (2. I) IS (7.1) ... (6.6) i (7.1) 4 (7. I) 
Constipation 0 (0.0) 0 (0.&) I (O.S) 0 (0.0) 0 (0.0) 0 (0.0) 
Vomilin1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) ' (I.I) 1 (I.I) 
Dry Moulh 0 (0.0) 0 (0.0) 6 (2.1) 6 (2.1)' .. (7.1) .. (7.1) 
Dyspepsia 0 (0.0) 0 (0.0) I (0.S) I (0.5) 0 (0.0) 0 (0.0) 
Diarrhea 0 (0.0) 0 (0.0) I (O.S) I (0.S) 0 (0.0) 0 (0.0) 
Ga1roinlcs1inal Disorder 0 (0.0) 0 (0.0) I (O.S) 0 (0.0) 0 (0.0) 0 (0.0) 

Associated = Associalcd achene evcnls are the cvenls considered by lhe invcstig.aor lo be r:elalcd, probably related, possi,bly related. 
or or unknown relatioRship to lreatmenl . 

• Data for subjects in Shldy 982-011 .-ho received both fosphcnytoin and fosphenytoin plus diazepam·are included ~s 2 !1Cparate 
exposures in lhe fosphenytoin column. Data for subjects in Sindy 982-011 for lhc periods during which th""Y received diazepam 
11lonc arc nol included in this table. 
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Ul -- '° TABLE 6. All ;md As~ocia•ccl Adverse Events by Body System and Treatment Oii '° .. -
- ...a I Numhcr ( % ) uf Exposures in Slrbjecrs) Ul "" -g 

(Page 3 of 4) \,J 

t Plat·i:ho Fosphcnyloin• Di1bn1in -
> BOOY SYSTEM/ N = 47 N ::: 211 N = 5~ 

Preferred Ti:nn AH Associaled All Associakd All Aaociated 
DIGESTIVE (conlinucd) 

Increased Salivarion 0 (0.0) 0 (0.0) I (0.S) I (O . .S) 0 (0.0) 0 (0.0) 
Oysphagia 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) l (I.I) I (I.I) 

C"heilitis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I (I.I) I (I.I) 

C ARDtOVASCUl.AR I (2. l) I (2.1) 6 (2.8) 6 (2.8) s (8.9) s (1.9) 
ff )-pc;Aa.sicJft 0 (0.0) 0 (0.0} l (1.4) l (1.4) l (S.4) 3 (S.4) 

~ 
Bndycardi1 0 (0.0) 0 (0.0) 2 (0.9) 2 (0.9) 0 (0.0) 0 (0.0) - Armylhmi• 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (J.6) I (I.I) 

Vasodil1111ion 0 (0.0) (J (0.0) I (0.S) I (O.S) 2 (l.6) 2 (l.6) 

Vascular Disorder 0 (0.0) 0 (0.0) I (O.S) I (O.S) 0 (0.0) 0 (0.0) 
Syacope 0 (0.0) 0 (0.0) I (O.S) I (O.S) 0 (0.0) 0 (0.0) 
Heart Arrest 0 (0.0) 0 (0.0) I (0 . .S) I (0.S) 0 (0.0) 0 (0.0) 

AV Block Secord Degree 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I (I.I) I (I.I) 

Pallor 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I (I.I) I (I.I) 

Phlebilis I ('?. I) I (2.1) 0 {0.0) 0 (0.0) 0 . (0.0) 0 (0.0) 

SPECIAL SENSES I (2.1) I (2.1) 51 (21.S) S1 (21.0) 11 (]0.4) 16 (21.6) . 
Tinnilus I (2.1) 1 (2.1) 29 (ll.7) 29 (13.1) 9 (16.J) 9 (16. J) 

E•r Disorder 0 (0.0) 0 (0.0) 22 (10.4) 20 (9.5) I (14.3) I (14.3) 
Taste Perversion 0 (0.0) 0 (0.0) 10 (4.7) 10 (4.7) 0 (0.0) 0 (0.0) 

Amblyopia 0 (0.0) 0 (0.0) J (1.4) 2 (0.9) I (I.I) I (1.8) 
Abnormal Vision 0 (0.0) 0 (0.0) 7 (3.3) 1 (3.3) 4 (7.1) .. (7.1) 

Associated = Assod11ed adverse events ire the C\'cnls c011sidcred by lhe investigalor to be rcl11ed. probably rc•*=d. possibly related, 
or of unknown rclalionship to lrealment. 

• Dall for subjccls in S1udy 982-011 ~ho n:ceh·cd both fos.phcny,oin and fosphcnyloin plus diazepam .are included M 2 separate 
exposures in •h~ fosphcnytoin column. Data for subjects in Study 981-011 for the periods duri,ng which they received diazcp,am 
alone are not included in this table. 
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TABLE 6. All and Asl\ociarcd Adverse Evenrs by Body System and Treatment !:!!'~ - ..... INumher (%)of Exposures in Subjects) "" .... -g 
(Page 4 or 4) IJ 

t - r1ac~ho Fosphenyloin• Dilantin 
> BODY SYSTEM/ N = 47 N = 211 N = 56 

Preferred Tenn 
All Associaced All Associaled All Associated 

SPECIAL SENSES (con1inued) 

Oiplopia 0 (0.0) 0 (00) 2 (0.9) 2 (0.9) I (I .I) I (1.8) 

Hypencusis 0 (0.0) 0 (0.0) I (0.S) I (0.S) I (1.8) I (1.8) 
Mydriuis 0 (0.0) 0 (0.0) I (0.S) l (O.S) 0 (0.0) 0 {0.0) 
Conjunclivitis 0 (0.0) 0 (0.0) I (O.S) 0 (0.0) I (I.I) 0 (0.0) 
&r Pain 0 (0.0) 0 (0.0) I (O.S) 0 (0.0) 0 (0.0) 0 (0.0) 

SKIN AND APPENDAGES I (2.1) I (2.1) 31 (14.7) JO (14.2) 6 (10.7) 6 (10.1) 
Pruritus 0 (0.0) 0 (0.0) 30 (l<t.2) 30 (14.2) I (1.8) I (I.I) 

RISh 0 (0.0) 0 (0.0) I (0.S) 0 (0.0) I (1.8) I (1.8) 

Urticaria 0 (0.0) 0 (0.0) I (0.S) 0 (0.0) 0 (0.0) 0 (0.0) 
Sweating 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) J (S.4) 3 (S.4) 

Contacl Ocrn•lilis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I (I.I) I (I.I) 
Skin Disorder I (2.1) I (2.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

RESPIRATORY I (2.1) 0 (0.0) 9 (4.3) 4 (1.9) I (I.I) 0 (0.0) 
Pharyngitis 0 (0.0) 0 (0.0) s (2.4) I (O.S) 0 (0.0) 0 (0.0) 
Hypervenlilation 0 (0.0) 0 (0.0) 2 (0.9) 2 (0.9) 0 (0.0) 0 (0.0) 

Rhinilis I (2.1) 0 (0.0) 2 (0.9) I (0.S) I (I.I) 0 (0.0) 
UROOENITAL 0 (0.0) 0 (0.0) 2 (0.9) 2 (0.9) I (1.8) I (I.I) 

Urinarioa lmp11in:d 0 (0.0) 0 (0.0) 2 (0.9) l (0.9) I (I.I) I (I.I) 
As!SOCiated = Associaled adverse events are lhe evenls considered by lhe invesligator ro be relaled, probablJ relmled, poaibfy reblled, 

or of unknown relationship 10 1reatmen1. 
I 0.•a ror subjects in Study 982-011 who received both fosphenyloin and fosphenytoin plus diazepam are included u 2 tepanlte 

exposures in the fosphen}toin cotu1nn. Dara for subjects in Study 981-011 for lhe periods durina which they recei"Ved diaupam 
alone are not included in this 11hle. 

-tt1~ ~- 0 
~ ~ I :.:rfg 
0 g C) 
~ '< 

s ..... 
5·~ 

I en o 8. ~ 
-· t c -3 

" 

~ 
t..J 

CJ 
t•,) 
•1 



... 
The most common AEs for Fos were: 

Dizziness 38% 
Paresthesia 32% 
Nystagmus 25°/o 
Tinnitus 14°/o 
Pruritus 14°/o 
Headache 12°/o 
Ear disorder 10o/o 

Except for paresthesia and pruritus, the incidence for all the above AEs 
was equal to or less than that for Dilantin. 

Injection site pain was 2% for Fos vs 30% for Dilantin. Injection site 
reaction was 2°/o for Fos vs 13°/o for Dilantin. 

2.5 Rate-related AEs After IV Administration 

Some AEs were rate·related after IV administration in both Fe...> and 
Dilantin treated subjects. More informative. however, are the 
discrepancies between Fos and Dilantin treated subjects, situations where 
an AE was clearly rate·related for one treatment but not the other. 

Taste perversion was rate·related for Fos, reaching 19o/o of Fos subjects 
when Fos was administered at 100-150 mg/min, but did not occur at any 
rate for Dilantin administration. 

Likewise. pruritus was rate-related for Fos, reaching 38°/o of Fos subjects 
when Fos was administered at 1Q0,·150 mg/min, but only occurred in a 
single Dilantin·treated subject. 

Paresthesia were rate-related for Dilantin as follows: 
0/12 cases at 15 mg/min or less 
0/14 cases at 15·30 mg/min 
11/30 (37%) cases at 30·50 mg/min 

Paresthesia were also rate-related for Fos as follows: 
3/54 (6°/o) at 15 mg/min or less 
3/ 17 ( 18°/o) at 15-30 mg/min 
18/62 (29°/o) at 30-50 mg/min 
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23/35 (66°/o) at 50-100 mg/min 
21/31 (68°/o) at 100·150 mg/min 

Note that at bioequivalent rates, 37o/o Dilantin subjects vs 68% Fos 
subjects reported paresthesia. Of course, the total dose was not 
controlled for in these comparisons. 

2.6 Dose-related AEa After IV Administration 

No new trends over those reported in the rate-related AE section are 
obvious here. Taste perversion and pruritus increase with dose (as 
opposed to rate) in the absence of any significant number of events in 
Dilantin subjects at any dose. 

2.7 Clinical Labs 

The sponsor reports no clinically significant changes after Fos 
administration. Recall that most exposures in volunteers were single 
dose exposures. 

2.8 Injection Site Reactions 

Sponsor's Table 10 summarizes injection site reactions for the volunteer 
studies. Based on 102 Fos exposures and 39 placebo exposures, the profile 
of reactions for Fos and placebo are not significantly different. 97°/o of 
exposures in both groups resulted in none-mild reactions. For the 
Dilantin-exposures (n=32), 15°/u resulted in moderate reactions and 6°/., 
resulted in severe reactions. 

When rate-relatedness was examined, up to 23o/o of high-rate Oilantin 
exposures resulted in reactions. Reactions were not rate-related with 
Fos. Up to 43°/o of high-rate Dilantin exposures resulted in injection site 
pain. Pain was not rate-related with Fos. 

2.9 Vital Signs 

The ISS does not address vital signs in volunteer studies. 
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TABLE 10. Evaluation of Infusion-Site Reactions: Subjects (Parke-Davis Studies) 
[Numher ( % ) of Exposures in Subjects) 

Stud)· Trcshnenl 
No. of t;,po.,ure"i in Maximum lnlensily or Infusion-Sile Adverse Reaclio1n 
Suhjccl~ E,·aluarcd None Mild Moderate Severe Mining/Not Done 

982-012 Pb1~ebo 6 6 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

fosphenytoict 6 6 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
Oilnin 6 I ( 16. 7) s (83.3) 0 (0.0) 0 (0.0) 0 (0.0) " 982-017 Dilanlin 2 0 (0.0) 2 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 

982-018 Pl.acebo 21 20 (95.2) I (4.8) 0 (0.0) 0 (0.0) 0 (0.0) 
Fosphenytoin 60 S6 (93.J) 3 (S.0) I (I. 7) 0 (0.0) 0 (0.0) 

982-020 P11eebo 12 to (83.l) I (8.l) I (8.3) 0 (0.0) 0 (0.0) ,, 
Fosphenyloin 12 8 (66.7) l (lS.0) I (l.l) 0 (0.0) 0 (0.0) 

Dilanlin 12 2 ( 16. 7) 4 (ll.l) 4 (33.l) 2 (16.7) 0 (0.0) 
982-024 Fosphenyloin 24 18 (7S.0) 6 (25.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Dilanlin 12 0 (0.0) 11 (91. 7) I (8.J) 0 (0.0) 0 (0.0) 

Total Pllceho 39 36 (91.3)1 2 (5.1) I (2.6) 0 (0.0) c (0.0) 

Fosphenytofo 102 88 (16.l) 12 (11.8) 2 (2.0) 0 (0.0) 0 (0.0) 
Dilmlin 32 l (9.4) 12 (6&.8) s (IS.6) l (6.l) 0 (0.0) 
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2.10 Conclualone From Normal Volunteer Studlea 

The great majority of data collected in normal volunteers is applicable to 
the IV bolus situation (at varying rates). In the categories severe AEs, all 
AEs, rate·related AEs. and dose-related AEsJ there is a consistent trade. 
off between the occurrence of local injection site reactlona and pain with 
IV Dilantin and the occurrence of generalized paresthesia and pruritus 
with IV Fos. 

Paresthesia are reported with IV Dilantin, but only at high rate or high 
dose. Even at high rate or high dose though, the incidence of pat·esthesia 
is less than expected for Oilantin given the hicidence for Fos. Taste 
perversion is an additional AE that appeared for Fos subjects but not 
Dilantin subjects. 

The sponsor does not address the reversibility of Fas-associated 
paresthesia, pruritus, and taste perversion directly in the ISS. 
Statements are made to the effect tnat these 3 AEs tend to be limited to 
the post··infusion times. Whether some subjects continued with these AEs 
is not directly obvious from reading the ISS. 



.... 
3.0 Completed Studies In Patlenta 

534 patients participated in completed clinical studies. The breakdown of 
these 534 patients has been presented above in 11Section 1.0 Exposure." 
In the ISS, the sponsor presents different cross-sectional views of AE 
data, but each is inadequate for not accounting for other relevant 
variables. For instance, a breakdown by route of administration does not 
account for whether the individual patients were given loading doses or 
maintenance doses. For this reason, I believe that only individual study 
reports are interpretable. Even these present problems by not controlling 
for rate and dose in may circumstances (see individual study reviews). 

The appropriateness of combining results from different studies in 
patients even when ostensibly the same medications were given by the 
same route and same dosing regimen (loading vs maintenance) can be 
questioned. For instance, patients in Studies 15 and 21 received IV 
loading doses of Fos or Dilantin. But the AE profile for the Dilantin arms 
of the two trials differ significantly (see tables of common AEs from 
these 2 trials on following pages). One possible explanation is that one 
study was tn neurosurgic&I patients and the other In epilepsy patients. 

lri Study 21 in epilepsy patients, nystagmus, dizziness, vertigo, and ataxia 
are reported ir. 38°/o, 38°/o, 23°/o, and 15°/o of patients respectively. In Study 
15 in neurosurgery patients, the same AEs are reported in 14°/o, 11°/o, 0°/o, 
and 7°/o ot patients respectivaly. All these ,".Es would be moie likely to be 
ascert&ined in an ambulatory, alert population like the epilepsy 
population. 

3.1 All AEs 

Sponsor!s Table 12 presents all AEs occurring in patients in completed 
studies. Suffice it to say that no alarming safety concerns arise in 
reviewing data present~·d this way. At the same time, no convincing 
advantages of Fo~ !Jver Dllantln emerge. 

While injec"\1on sit& pain is reported in 1.5°/o of Fos patients end 6.9°/o of 
Dilantin patients, the comparability of rate and dose of administration 
betweRn groups is not obvious. Likewise, while injection site reactian is 
reported in 2.8°/o of Fos p;..&tients and 4.9°/o of Dilantin patients, the rates 
and doses may not be comparable. Note that when data is grouped as it is 
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Injection 

TABLE 12. All and Associated Adverse Bvents Occurrin1 in it 1 tJ of Patients 
by Body System and TreauneatAt" 

(Number ( S) of Patients] 
~ 1 of2) 

BODY SYSTEM/ 
Folpbmylo1D DUutia 

N•SJ.t N • 102 Prefemd Term -All ........ All ' Aaocia&e&i 
NERVOUS 

Ny1ta1111ua 99 (11.5) 11 (13.3) 14 (13.'7) 7 (6.9) 
Dizzinas .. (9.0) 43 (I.I) 10 (9.1) 9 (I.I) 
Ataxia "' (9.0) 20 (3.7) 9 (I.I) 2 (l.0) 
Somnolence 4.5 (3.4) 2.5 (4.7) JO (9.1) I (7.1) 
Tremor 31 (5.1) 19 (3.6) 9 (1.8) . s (4.9) 
lncoor.tif.acioa 21 (5.2) 15 (2.1) 4 (l.9) 2 (2.0) 
Paresthosia 26 (4.9) 19 <'·'> 3 (2.9) 2 (2.0) 
Neuropathy 15 (4.7) 2 (0.4) • (3.9) 0 (0.0) 
Reflexes lncnued 16 (3.0) l (0.2) 3 (2.9) 0 (0.0) 
Speech Disorder 15 (2.1) 4 (0.7) 3 (1.9) 2 (2.0) 
Hypenonia 12 (2.1) 2 (0.4) 0 (0.0) 0 (0.0) 
Reflexes Decreued 10 (l.9) 2 (0.4) 4 (3.9) 2 (2.0) 
lncracranial Hypertension 9 (l.7) 0 (0.0) 0 (0.0) 0 (0.0) 
Stupor I (1.5) ] (0.6) I (l .0) 0 (0.0) 
Anxiery 7 ( 1.3) 2 (0.4\ 

' , 0 (0.0) 0 (0.0) 

Confusion 6 (I. I) 2 (0.4) 0 (0.0) 0 (0.0) 

A1•1a1ion 6 ( J. J) ,. 
(0.0} J (1.0) 0 (0.0) \. 

BODY AS A WHOLE 
Headache 41 (7.7) 13 (2.4) 6 (5.9) ., (2.0) -
f e\'er 35 (6.6) 0 (0.0) 6 (5.9) 0 (0.0) 

Pain l9 (5.4) 10 ( 1.9) l (2.0} l (2.0) 
Accidental Injury .... (4.1) , (0.4) 7 (6.91 

., c:.O> - -
Infection 17 (3.l) 0 (0.0) 5 (4.9) 0 (0.0) 

lnj11ccion-Si1e P.eac&ion 15 (2.8) 10 (I. 9) 5 (4.9) ., cl.O> -
A~thcnia 9 (I. 7) ' ( 1.3) :z (l.0) I ( 1.0) 

Bae~ Pain 9 (I. 7) I (0.2) 0 (0.0) 0 (0.0) 

face Edema 9 (I. 7) 0 (0.0) 4 (3.9) 0 (0.0) 

lnjcc1ion·Siic Pain 8 \1.5) 7 (1.3) 1 (6.9) 7 (b.9) 
Ruction Unevaluable ' ( 1.3) 2 (0.4) I ( 1.0) I ( 1.0) 

Sepsis 7 ( 1.3) 0 (0.0) l ( 1.0) 0 (0.0) 

DIGESTIVE 
Nausea 30 (5.6) 12 (2.2) 6 (5.9) I ( 1.0; 
Constipation 26 (4.9) 2 (0.4) l (2.9) 0 (0.0) 
VomninJ 

,, (3.2) 2 (0.41 5 (4.9) 0 (0.0) 

• Associ11ed adverse evenu &N the events COMidend by tbe inv•tipcor u. be nlatad. probably 
related. possibly related. or or unknown nla&iOMhip to tratmau. Ev.mt• O:~Urril'I in ~ •• or 

.. p11ien11 were bued upon all advene •v•ll ocourrin1 in fospbcnytoin•tNUM patients . 
See Appendix B. l for a complete llstin1 of all and usociated advene events. 
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Fosphenytoin Sodium 
Injection ... 

TABLE 12. AU and Associated Adverse Events Occurring in ilt 1 ~ of Patients 
by Body System and Treatmen~b 

[Number (I) of Patients] 
(Pap 2of2) 

BODY SYSTEM/ 
Polpbtaytoio DiluatiD 

N • 534 N • 102 Preferred Term 
All Alloc:Wld AJJ AllOCiated 

CARDIOVASCULAR 
Hypotemion 13 (2.4) ' (0.7) 3 (2.9) 2 (2.0) 
Hyperteuioa 10 (1.9) I (0.2) 2 (2.0) 0 (n.O) 
Tachycardia 9 (1.7) 0 (0.0) 2 (2.0) 0 {u.O) 
Bndycanlia 7 (1.3) 0 (0.0) 0 (0.0) 0 (0.0) 

SKIN AND APPENDAGES 
Pnarit\11 27 (5.1) 24 (4.5) 0 (0.0) 0 (O.G1 
Ruh 7 (1.3) 1 (0.2) 2 (2.0) I (t .0) 

HEMIC AND LYMPHATIC 
Ecchymo1is 30 (5.6) 13 (2.4) 4 (3.9) 2 (2.0) 

SURGt:RIES/PROCEDURES 
SurserialProccdures 26 (4.9) 0 (0.0) ' (4.9) 0 (0.0) 

RE~PIRATORV 

Pneumonia 10 (l .9) 0 (0.0) 6 (5.9) 0 (0.0) 
LunJ Disorder 7 (J .3) 0 (0.0) I (1.0) 0 (0.0) 

UROGENITAL 
Urinary Re11n1ian 8 ( 1.5) 0 (0.0) 3 (2.9) 0 (0.0) 
Urinary Tract Infection 6 (I. I) 0 (0.0) :z (2.0) 0 (0.0) 

MUSCULOSKELETAL 
Myuthenia II (l.1) (0.2) 2 (2.0) 0 (0.0) 

SPECIAL SENSES 
Amblyopia 9 (1.7) 4 (0.7) 3 (2.9) l (l.Q) 

METABOLIC AND NUl'RITIONAL 
H)'~kialemia I (1.5) 0 (0.0) 2 (2.0) 0 (0.0) 

• Anocia1ed adverse evenu are 1he even&a considered by &ht inv11&i1a1or 10 t.. related. probably 
related. possibly re!~&ed. or of unknown relationship ta treatment. ·Events occurrin1 in ~I~ of 

.. patients were balled dpon all advcne cventa occurrinJ in fosphllly&oin•tnated palianll . 
Sile Appendix B .. • for a com,1e1e li11in1 of all and ut0eia&cd adverse eventa. 

O:\CLC\RR\72003441.A 
02101195 • 1:15 
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here for all patients, the term "injection site" could apply to either IM or 
IV injection site I 

On page 48 of the ISS, the sponso1 describes the experience with 
paresthesia and pruritus in more detail. For 13 patients treated with IV 
Fos, the investigator chose to manage the events by changing the infusion 
rate or administering medication (stAroids or antihistamines). The 
number of eventt. after IM Fos is not stated here, but no interventions 
were utilized. One patient withdrew because of severe pruritus that 
occurred with severe allergic reaction (Pt 13, Study 13, Center 1 ). 

Also on page 48, the sponsor reports that in completed patient studies, 
discrepancies between Fos and Dilantin treated patients with regard to 
pruritus and paresthesia were not as great as in the normal volunteer 
studies. This fact is misleading because the 2 different comparative 
studies in patients reported different experiences. With regard to 
paresthesia, Study 21 reported a 10°/o vs 0°/o incidence in paresthesia in 
favor of Dilantin. With regard to pruritus, Study 21 reported a 31 o/o vs 0°/o 
incidence in pruritus in favor of Ollantin. In short, in some patient 
studies, discrepancies in Fos and Dilantin treated subjects with regard to 
paresthesia and pruritus were as great as or greater than those seen in 
the norrnal volunteer studies. 

3.2 Common AEa Within the Two Actlve·Control Trlala 

The 2 active-control trials in the NOA differ in two respects: first, one 
had only an IV loading dose while the other had an IV load followed by IV 
maintenance dosing; second, one was in neurosurgery patients and one was 
in epilepsy patients. 

When the 2 Dilantin-control trials (Studies 15 and 21) are looked at 
separately, the magnitude of the discrf'pancies betwr,en Fos and Dilantin 
for certain AEs varies. 

For all studies combined, pruritus was reported in 5°/o Fas patients and 0°/o 
Dilantin patients. In Study 15 (neurosurgery patients), pruritus was 
reported in 6°/o Fon patients and 0°/o Oilantln patients. But in Study 21 
(epilepsy patients), pruritus was reported in 31 o/o Fos patients vs 0°/o 
Dilantin pathtnts. 
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• TABLE 16. Most Frequent Adverse Events With IV Administration 
to Neurosuraical Patients (Study 982-015) 

[Number (-A) of Patients) 
BODY SYSTEM/ FotpbenytoiD DUaotill 

Advene Event N • 18 N • 21 
NERVOUS 

Nystagmua 12 (13.6) .. (14.3) 
Neuropatby .9 (10.2) 4 (14.3) 
Refleus lncreued 7 (1.0) 0 (0.0) 

Dlzziaeu 6 (6.1) 3 (10.7) 
Soranolerace 6 (6.8) 3 (10. 7) 
Speech Disorder 5 (5.7) (3.6). 

BODY AS A WHOLE 
Fever 11 (ll.S) 6 (21.4) 
Face Edema 7 (8.0) 4 (14.3) 

Injection-Site Reaction - 6 (6.8) s (17.9) 

lnfec1!oa 6 (6.8) 2 (7. J) 

DIGESTIVE 
Constipation 11 ( 12.S) J (JO. 7) 

Nausea 9 (10.l) .. (14.J) 
Vomiuna 6 (6.8) 5 ( 17.9) 

C AROIOVASCULAR 
Tachycardia 7 (8.0) :? (7. J) 

H yporension 6 (6.8) ., (7 .1) -
SKIN AND APPENDAGES 

Pn1riru1 ,-.. (5.7) 0 (0.0) 

SURGERJES!PROCEDURES 
Sur1eries/Procedures 9 ( 10.2) 3 (10.7) 

RESPIRATORY 
Pneumonia 6 (6.8) 6 (21.4) 

UROGENITAL 
Urinary Retention 7 (8.0) 3 (10.7) 

1\1 llSCULOS~'l:LET AL 
MyNthenia 1 (8.0) 2 (7. J) 

METABOLIC AND NUTRn'IONAL 

• Hypokalcmia 8 (9.1) 2 (7.1) 

O:\CLC\ll.R\7200344 l .A 
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TABLE IS. Mast Frequent Adverse Events With IV Administration to 
Patients With P.pilepsy (Study 982-021) 

(Number (~) of Patients] 
BODY SYSTEM/ Posphay..oin DUUltiD 

Adveno Event N • 39 N • 13 
NERVOUS 

Nystapnua II (46.2) 5 (31.$) 
Dizziness 10 (15.6) 5 (31.5) . 
Ataxia 1 (17.9) 2 (15.4) 
Venigo .. (10.3) 3 (23.l) 
Pateathesia - .. (10.3) 0 (0.0) 
Tmnor ....,_ 3 (7.7) 0 (0.0) 

Neuropathy - 3 (7. 7) 0 (0.0) 
Somnolence 2 (S.1) I (1.1) 
Speech Diiarder 2 (S.1) 2 (15.4) 

BODY AS A WHOLE 
H~dacbe 7 (17.9) l (7.7) 
Pain s (12.8) 1 (1.7) 
Reaction Unevaluable 4 (10.3) 1 (7.7) 
Chill• 2 (5. l) 0 (0.0) 

Cbesc Pain 2 (5. J) 0 (0.0) 

CARDIOVASCULAR 
Hypotcosion 3 (7.7) l (7.7) 

SKIN AND APPENDAGES 
Prurirus .- 12 (30.8) 0 (0.0) 

SPECIAL SENSES 
Amblyopia 4 (10.)) 3 (%3.1) 

Ear L>isorder 2 cs.1 > 0 (0.0) 



... 
Overall, in Study 21, the big differences in AEs between Fos and Dilantin 
occurred for pruritus (31 vs 0 °/o), paresthesia (10 vs O 0/o), neuropathy (B 
vs 0 °/o), and tremor (8 vs 0 o/o). 

Overall, in Study 15, the big differences in AEs between Fos and Dilantin 
occurrPd for pruritus (6 vs O %), increased reflexes (8 vs O 0/o), and 
injection site reaction (7 vs 18 %). 

Note that injection site reactions were not unusual in Study 15 and 
demonstrated a difference between Fos and Dilantin. In Study 21, only a 
single injection site reaction was reported (it happened to be hi a Fos 
patient) so that no difference between Fos and Dilantin was really 
demonstrated. In all likelihood, this difference betweAn studies was 
because Study 21 was only a single dose study while Study 15 
incorporated a loading dose followed by several days of maintenance 
dosing. (Another alternative explanation is that the Dilantin rates in 
Study 21 were lowered in 5 patients because of local pain, thereby 
decreasing the later emergence of injection site reactions in those 
patients.) 

One might infer from the last paragraph thai, for IV dosing, the advantage 
of Fos over Dilantin with regard to local tissue reactions rs confered only 
upon patients who receive maintenance dosing. However, in both Study 15 
and Study 21, the rates of infusion of the loading doses were so low as to 
contribute almost nothing to our understanding of IV loading in an 
emergent setting i.e. status epile~ticus where the bioequivalent rate of 
100-150 mg/min should be approached. In those situations of rapid 
infusion, local injection site reactions might occur with both Dilantin a11d 
Fos, perhaps even with an advantage for Fos. Unfortunately, a head-to
head comparison of Dilantin and Fos in comparable rapid ii tfusions has only 
recently begun. Until that study is completed, no definitive statements 
about a Fos advantage over Dilantin for injection site reactions in 
emergent settings can be made. 

3.3 Common AEa • ., IV Maintenance Study 

The only study that really speaks to the safety of IV maintenance therapy 
is Study 15. As alluded to previously, this study in neurosurgical patients 
appears to underrepresent (in the face of comparable dose and rate} 
certain AEs which were shown in another study (Study 21) to occur with 
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high frequency in another population (epilepsy). 

If exposure is assumed to be the same after IM maintenance therapy in 
neurosurgery patients, Study 14 (uncontrolled) can also be used to support 
IV maintenance therapy and, alternatively, Study 15 can be used to support 
IM maintenance therapy (albeit without the local IM safety data). 

3.4 "Slow" Loading Doses 

For all their differences, there are 4 studies (2 active .. control end 2 
uncontrolled) which support subacute loading doses. Studies 14 and 15 
were pf',rformed in neurosurgery patients and studies 21 and 22 were 
performeti in epilepsy patients. Studies 15 and 21 had IV loading doses 
while studies 14 and 22 had IM loading doses. 

3.5 "Rapid" IV Loading Doses 

Only one study, Study 16, really addresses the safety of IV ioading doses 
in status epilepticus. Thit~ was an uncontroBed study. 

Some comparative safety data on IV loading is accrued in Studies 15 and 
21 and, although bioequivalent rates were only rarely achieved in those 
studies, do provide some picture of comparative safety. 

In particular, one concern might be that significant AEs might be missed 
in Study 16 if the patients with status epitepticus were too obtunded to 
report them. Ir; Study 21 in epilepsy patients, obtundstion is not a 
problem so that reporting rates for some AEs would be expected to be 
higher, albeit with the less-than-bioequivalent rates. 

This indication is also the subject of a new active-control trial with 
Dilantin in which bioequivalent rates will be maintained. 

3.6 Rate-related AEs After IV Administration 

As in the normal volunteer studies, paresthesia and pruritus were rate
related AEs in Fos patients. At rates that might bs bioequivalent, Dilantln 
patients had a 3-f old less incidence of paresthesia and no cases of 
pruri~•1s (co':'npared to a 28°/o incidence of pruritus in Fos patients). 
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3. 7 Severe AEs 

Across all patient studies, there were 39 severe AEs among 534 Fos 
treated patients (7°/o). These AEs included ataxia, dizziness, somnolence, 
pain, nausea, ecchymosis, parestheaia, and pruritus. 

3.8 Frequent AEs by Gender 

Paresthesia and nystagmus were more common in men. Headache, 
pruritus, somnolence, and ecchymosis were more common in women. 
However, the sponsor has not adjusted the gender analysis for dose, rate, 
route, or clinical setting. 

3.9 Frequent AEs by Age 

Except for somnolence, the incid~nc!l of AEs in Fos patients was no 
different tor the 40-65 year old group compared to the > 65 year old group 
(n=67). Somnolence was more common in the > 65 age group. However, the 
~ponsor has not adjustc~ the gender analysis for dose, rate, route, or 
clinical setting. 

3.10 Frequent AEs by Race 

404 patients were white and 110 patients were black. 20 remam1ng 
patients represented other races. Headache, nausea, and paresthesia 
showed discrepant rates between white and black patients. Paresthesia 
occurred in 6°/o or white patients and only 1 o/o of black patients. However, 
the sponsor has not adjusted the gender analysis for dose, rate, route, or 
clinical setting. 

3.11 Clinical Labs 

No overall pattern of change in laboratory values emerges for any of the 
parameters reported by the sponsor in the ISS. More detailed reviews of 
patients with extremely high or low values of iab paiametars did not raise 
ar.y additional concern. Recall that many patients were only treated with 
a single loading dose of Fos and many patients had concomitant conditions 
that would be exr~ .. •cad to cause some lab abnormalities. No pattern of 
change in serum · : ~sphorus was noted. 
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3.12 IM Local Tolerablllty 

Of the 357 patients who received at l~ast one IM injection, there were no 
severe injection site reactions. Two moderate inj~ctlon reactions 
occurred and thirty-one mild reactions occurred. 

3.13 IV Local Tolerability 

Of the 127 patients wh~ ; /,, ~·: °'J&~ at ittast one IV injecti ·11. there were no 
severe infusion~site re9,:tu.: · :':.t There was one moderate reaction and nine 
mild 1 eactions. 

3. ; 4 Oeaths, Ge;.iious A Es, arH.'! Withdrawals 

Eleven Cerebyx treated patients died. Ten of these deaths occurred in 
neurosurgery studies or status epilepticus studies. A review of these 
deaths raises no new concerns about Cerebyx. None of the deaths can be 
reasonably attributed to Cerebyx. 

A review of the serious AEs and the withdrawals raised no new concerns 
with regard to Cerebyx. The serious AEs that occur with Dilantin may also 
occur with Cerebyx. 

4.0 Study 16: .ongoing Study In Status Ei lleptlcua 

No new safety issues were defined in this uncontrolled study. See the 
review of the study for additional information. The two safety updates 
add additional infcrmation about this study. 
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Review and Evaluation of Cllnlcal Data 
NOA 20·450 

Sponsor: 
Drug: 
Propoaed Indication: 
Material Submitted: 
Correspondence Date: 
Date Received: 

Parke-Davis 
Fosphenytoin IV 
Epilepsy 
4-Month Safety Update 
June 22, 1995 
June 23, 1995 

As per the adopted convention, all Fos doses and rates are expressed as mg 
phenytoin equivalents in this review. 

The cut-off for the safety database for this submission was Feb 22, 1995. 
Additionally, all deaths and serious adverse events through May 15, 1995 
are reported. 

In fact this SU only adds data on 12 additional patients, patients who 
were enrolled in the ongoing study of status epilepticus (SE). Thus a total 
of 66 pts with SE are included in the SU as opposed to 54 in the NOA. The 
SU presents cumulative data on exposure to Fos, demographics, safety, 
deaths, withdrawals due to AEs, and serious AEs for the 861 participants 
in trials. Also, AE data for the 90 participants exposed to Fos at doses cf 
at least 1 Omg/kg and rates. of at least 1 OOmg/min were examined. 

The table below summarizes cutoff dates and patient numbers for the NOA 
and this SU: 

NOA SU 1 -
Population 

-
Total Enrolled 849 861 

Exposed to Fos 736 748 

Cutoff Dates 

General Safety Sept 1, 94 r=eb 22, 95 

neaths/Serious AEs Nov 18, 94 May 15, 95 
~ 
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t Jths and Serious AEs from NOA Cutoff Until Feb 22, 1995: 

Deaths: One additional death occurred since the filing of the NOA. 
Patient 16 from Study 16, died from an intracranial bleed that was 
present prior to Fas administration. 

Serious AEa: Four additional pts had serious AEs between NOA cutoff 
and Feb 22, 1995. Pt 16 from Study 16 is mentioned above under the 
category "deaths." Pt 20 from Study 16 developed apnea, CHF, and 
pulmonary edema. The pt had been treated for SE In the setting of a 
subdural hematoma; a history of IDDM was obtained. Apnea ocourred on 
day 2 and CHF on day 3. Pts 21 and 22 from Study 16 both developed 
postictal psychosis. All 3 pts with nonfatal serious AEs recovered. 

Withdrawals: No pts were withdrawn from Study 16 since the NOA was 
compiled. 

Deaths and Serioua A~s from Feb 22, 1995 Until May 15, 1995: 

Deaths: One additional death occurred. Pt 1 from Study 26 (an ongoing 
active control study of IV loading with Fos vs IV loading with Dilantin) 
developed cryptococcal meningitis in th9 setting of AIDS and died. 

Serious A Es: . Pt 2 from Study 26 was hospitalized for ; iED toxicity, 
which the investigator considered severe and possibly related to study 
medication. 5 days after treatment in the ER for seizures, the pt was 
admitted with phenytoin toxicity manifested by ataxia with a 1dvel of 30; 
he had been taking maintenance phenytoin, 400 mg/day. 

Note: Sp .... :"'sor's Appendix C.2 (not iiicluded) tabulates all deaths, serious 
AEs, and withdrawals because of AEs for the NOA and through May 15, 95. 



... 
Demographics: The demographics of the pts with SE do not change with 
the addition of the 12 pts. 

Adverse Events: The AE tAbles on page 6·7 of the SU (not included) 
encompass all 7 48 subjects/pts exposed to Fos. Such a table is fairly 
uninformative, given the different routes of administration included. The 
addition of 12 pts to the 736 reported in the NOA did not change the AE 
profile. 

More relevant is the updated list of all AEs (as well as those deemed 
associated with use of drug) from Study 982-18 which occurs as 
Appendix 8.1 (not included) of the SU. The 12 additional pts with SE were 
treated under this protocol, with pts receiving IV loading doses of Fos. 
The predominant (>5°/o) AEs in Study ... are riystagmus (290/o), headache 
(15°/o), ataxia (14°/o), somnolence (12°/o), agitation (12%), vomiting (11 ~~). 
pruritus (9°/o), dizziness (8°10). dysarthria (6°/o), and fever (6°/o). 

Vital signs: Sponsor's Appendix B.2 from the SU (not included) provides 
the incidence of changes in systolic BP >20 mmHg from Study 16. 37/65 
(57°/o) pts had such a dec'"qase. The sponsor further divides this group by 
those with a "symptomatic · ecrease ," associated with the AE dizziness, 
vertigo, lightheadedness, or hypotension. 

Infusion site evaluations: Appendix 8.3 (not included) from the SU 
provides the incidence of local skin reactions from Study 16. Data are 
grouped for 24-hour posttreatment or discharge. If both 24 hour data and 
discharge data are available, it is not clear how the sponsor chose one 
over the other. The way the da•a are collected, mild tenderness, swelling, 
bruising, and erythema are reported for 3-8°/o of pts. One pt had moderate 
bruising. 

Clinical lab data: The sponsor states that no clinically significant 
changes were noted for the 12 additional pts in the SU. 
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Cohort of P•tlenta Adequately Loaded IV: Spon1or'1 Appendix D.1 
(not included) tabulates patlent1/1ubjecta treated with Fo1 at doaea 
>10mg/kg and rates > 100mg/mln. 105 lndlvldual expoaur•• are Hated. 
15 normal volunteers had 2 expo1ure1 at either different doaea or 
different rates: therefore a total of 90 lndlvldual 1ubJ•ot1 art 
Included. 

37 of the expoaure1 were In normal volunt1era, 10 that 88 patl1nt1 wire 
treated in thla cohort. 51 of these pta came from Study 18, 1 1tudy of SE. 
17 came from Study 21, a atudy In pta who almpl~' •required a loading do11 
of phenytoin." The 12 new treated pta in thla SU all came from Study 18, 
but only 11112 are included In thl1 cohort of high doae/hlgh rate pta. 

At tttla point In time, only 35 lndlvldual1 have been do1ed at 
1 &tT,g/kg or greater, 11 well •• 1 IOtng/mln. 

Sponsor's Tables 5 and e summarize th• breakdown of AE1 by dose and 
rate for the 90 individual aubject1 1xpo11d. (Note that th111 Tabl11 wire 
reformatted by the aponaor at my r1qu11t 10 that pt1 tr1at1d at the higher 
doses and rates are not Included in the column• for th• lower do111 and 
rates as they were ln the original tables.) Tht 1pon1or c,,nclud11 that 11an 
increased incidence of AE1 wa1 not 1hown for 1uco111lv1 lnor1ment1 of 
partlctpanta ln thia aubgroup treated with incr1a1ing do111 and rat11. In 
particular, cardlova1cular evente occurred at a 1imllar lnctdence aoro11 
groups and did not appear to be related to the do11 or rat• of foaphanytoln 
adminlatratlon." 

However, there are aeveral problems with lnferenc11 drawn from Tablas 5 
and 6. Fir1t, the denominators at any do11 or rate window will be tow, 10 
that we cannot be eure we have captured the true AE profile with any 
certainty. Second, there 11 no control group. In particular, It would be 
intere1Ung to compare the AE profUe between pt1 randomized to 
phenytoln at 50mg/mln v1 Fo1 at 150mg/mln. Thia latter Information i1 
being collected in the 1pon1or'a ongoing 1tudy, Study 28. Finally, recall 
that these pt• are often obtunded and cannot report 1om1 AE1 that an 
awake, alert pt could report. 

Literature Review: The 1pon1or'1 literature revlew cov1r1 th1 ttm1 
period through March 10, 1995. Ont report of phl1bltl1 In a Foa tr1at1d pt 
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la included. The aponaor maintain• that, beeauae of the mild tendernesa 
alone, a clinical dl1gno1i1 of phlebttle waa not appUcabtt. Thia la an 
important l11u1 In that the 1pon1or h11 propo11d a lower incidence of 
phlebitis with Foa than with parenteral Otlantln. 

Sponaor'• Conolualona: The 1p:ln1or maintains that the 11f1ty profile 
h11 not ch1tnged with the addtttonat tnfor;Tiltion provided In the SU. Th• 
aponaor maintain• that: 

1. Overall, the AE profile of Foa ta almllar to that of parenteral OUantin. 

2. IV Fos Is associated with f1wtr infusion 1it• r1ac.Uof\1 than IV 
Dllantln (I.e. 1111 pain and burning). 

3. IM Foa produced no more lnj1ctton alt• reaotiona than placebo. 

4. Hlgh·do11, hlgh·rate Foa IV (i.e. the bloequlvalent dolt and rate) h11 no 
more AE• 111ocl1t1d with It than lowtr·doao, tower-rate Foa. 

R1vl1w1r'1 Conolu1lon1: No 1ignlflc1nt change In tht 11f•tv profile of 
Foa has ariaen Wfth th1 addition of the 12 new p1tt1nt1. The 1poneor'1 4 
polnt1 above can b1 1ddre111d •• f oltowa: 

1 ; The AE profile• of Foa and parenteral Oltantln mu1t be compared by 
route of admtnlatratlon. Further, only randomized trlal1 that are 
adequately powered to detect a dlff 1r1no1 betwttn tr1atm1nt1 can truly 
•••••• th1 oomparablllty of treatments. 

2. IV Foa at hlgh-do11, high·rate 1dmini1tratton (the bioequlval1nt do•• 
and rate) h11 only' been glv1n to 38 lndlvldua11. Tht 1pon1or'1 lit1r.,turt 
review demon1tr1t11 that IV Fo1 11 not without 1om1 rlak of local 
irritation~ any 11Um1t1 of th• lncld1no1 of lnfualon 1lt1 r11ctlon1 mu1t 
be 10 lmpracl11 11 to pr1clud1 any 1t1t1m1nt1 in fa var of flo1. 
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3. Th• statement about IM Foe may t,e correct baaed on a study where IM 
maintenance therapy w11 1tudt1d. Whether this hold• true for IM loading 
wlth Foa te unknown. 

4. Th• populatlon1 of pta that r101lv•d high·do11, hlgh·r•t• Foa and 
lowar-doaa, low1.·-rat1 Fo1 may be 10 different •• ~o preclude any 
atatementa about the 11f1ty of one regimen vo the other. (I 1u1p1ct that 
pta with SE ware more llkely to r101lv1 the more aggr111lv1 r1gtm1na. 
Th111 pta might be 1lok1r on 1v1rag1 and thua 1111 llkely to report ev1nt1 
auch aa dlzzln111 or tinnitus.) Only a randomlt•d study can 1n1wer thle 
qu11tton. 

Looking at IV loadlng do••• alone, Foa, at th• blo1qulvalent dose and 
rate, h11 th• pottntlal to oau11 local r1actlon1 and ha• b11n 1hown to 
caua• hypot1n1lon (11 d1fln1d by > aommHg drop in SBP) tn !7% of pta. 
The advantage• of IV Fos are: 1) It can b1 given In 1/3 the time required 
to give an equlmolar do11 of Dllantln; and 2) It la more oompatlble with 
other IV flutd1 and drugs than Oilantln. 

IV m1lntenanc1 Foa has th• 11me two adv1nt1g11 over Dllantln. 

IM loadlng with Foa la tolerated. while Dllantln 11 reported to cause 
local Irritation and unpredictable 1y1temic absorption. The SU haa not 
changed the databaae to either aupport or r1fut1 the uae of IM loading with 
Foe. 

IM m1lnten1no• with Fo1 pre1ent1 the same 1ltu1tlon aa IM loading. 
Again the SU has not changed the position of Foa In thla regard. 

cc: 
HFD .. 120 
NOA 20·480 

John Feeney, M.O. 
Medtcal Rev:~wer 

HF0· 120/L1b1r/K1tz/F11ney/Nlgh1w1nd1r 
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Review and Evaluation of Cllnlcal Data 
NOA 20·450 

Sponaor: 
Drug: 
Propoaed lndlc•tlon: 
Material Submitted: 
Corre1pondence Date: 
Date Received: 

Parke-Davis 
Fosphenytoln IV 
Epilepsy 
Second Safety Update 
October 31, 1995 
November 4, 1995 

As per the adopted convention, all Fos doses and rates ar1 expressed as mg 
phenytoln equivalents (PE) In this review. 

The cut-off for the safety database for this submission was Aug 1, 1995. 
Additionally, all deaths and serious adverse events through Sept 15, 1995 
are reported. 

In fact this SU adds data on 111 additional patients 1inoe the first safety 
update. The sponsor teports that the safety profile of Cerebyx in the 
safety update is consirnent with that reported in the NOA and first eafety 
update. 

Since the first safety update, 3 deaths, 4 serious AEa, and 8 withdrawals 
due to AEs have occurred in 8 Cereoyx treated patients. The 3 deaths were 
due to cerebral edema, accldental drowning, and GI bleeding. Reasons for 
withdrawal included generalized Itching, burntng and itching, nausea and 
itching, hypotension, and agitation. 

All 111 new exposures to Cerebyx were to the IV formulation. No new IM 
data is provided. 

Data from 2 studies Initiated and completed since the aubmlaelon of thd 
NOA and first safety update are Included, Study 27 and Study 26. 



TABLE 1. Number of Parric::ipants and Time Periods Covered in Safety 
Documents - SUI SU2 NOA - ---Populatlor. 

1'otai Ba1oll•d 10 161" 994 
Huthy Subjeo&a' 159 159 17S 
Patioall (epilapry or DtW'OIW'lioal) From 636 636 741 
Completed StudiH 

Statut BpH1pticua Patients Fwm Oo1oin1 Study S4 6611 71 

Exposed to fo1phenyC0Ul 736 748 8S9 
Healthy Subjeott1 148 141 164 

Pa11ent1 (epilepsy or n1urcuur1io1I) l"rorn S34 534 624 
Compl1t1a St\&di11 
Sh1tu~ Epilepticu1 Patienu Prom Ongo&og Study S4 66" 71 

Eicpoaed to Fo1pbeny&oin at Hip 0011 (itlO m(llkg) 79 9ob 194 
and High Rat• (~100 ma/min) 

H11lthy Subjaoti1 ;u 22 ,. 
Patienu (•pil•pty or a•wo1ur1ioal) From 17 17 101 
Completed St\ldiea 
Status Epil1pticu1 Patierau Prom Ooaoina Study 40 Sib " 

Cuc~orr Dae .. 
01nerAl Saf1ty lnl<>rmation 09/01/94 0212219$ 01101195 
Deaths and Sorioua Advent Bventl 11118/94 05/15195 09/Ul'JS 

• SP111e subject• receiv"d multiple •Kpo1ur11 to fo1pb1oytoin but art only oouated oooe LO lba1 table 
b /\il add1twn1I exposures were from ao ongoina study of patientr with •tatm 1piltptlcu1 (9&2·16). 
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Study 27 

The final study report for Study 27 is not provided. 

This was an open-label single dose study in which 16 normal volunteers 
received 1200mg Fas at 150mg/mln. There were no deaths, no serious 
AEs, or withdrawals due to AEs. No slowing or discontinuation of 
infusions because of AEs Is speclfloally reported. 

226 AEs were reportf'd. 108 were mild, 108 were moderate. 12 were 
severe in intensity. The severe AEs included: 

prurltus 4 events 
paresthesia 2 events 
dizziness 2 ev~nts 
aching knees 1 event 
pelvic pain (burning) 1 event 
asthenla 1 event 
tinnitus 1 event 

"The duration of the event . 0. was <30 minutes for 7 subjects, <2 hours for 
2 subjectR, <5 hours for 1 subject, and <21 hours for 2 subjects." 

Injection-site syni,,toms including Inflammation and reaction were 
experienced by J subjects and were all rated mild In htenaity. 

75°/o of subjec~s experi4itnced pare1thaala. 76°/o of subjects experienced 
pruritus. 

The sponso,. reports no changes in ECGa or clintcal labs of clinical 
significance. One subject experionced a drop in BP to 67/43 1 O minutes 
after Infusion. 

In reviewing the clinical lab data listings, I note that 9 subjects had 
ioni?ed free calcium lavela checked at variable times after infusion. All 
of the values reported are unremarkable. 5 of the 9 had free calcium 
lttvels checked immediately after the Infusion. The sponsor makea no 
comment about these specific I eve le and their aignlficance. 

In reviewing the cUnical lab data Ustlnga, 
checked at frequent interval• after do1lng. 
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also noted bicarb levels were 
It appears that baseline levels 



dip by a small increment for some patients, while patient 16 had a level 
below the stated normal rahga. Again the sponsor does not comment on 
these levels. 

Study 26 

This was a 112 patient, double·bllnd, randomized, parallel study of an IV 
loading dose of fosphanytoin vs. an IV loadlng dose of phenytoin. Patlents 
were randomized In a 4:1 ratio to foa vs phenytoin. The 
Inclusion/exclusion criteria did not specify particular diagnostic 
categories of patitints to be Included; rather pts who required a loading 
dose of phenytoin were to be included. Broadly speaking, this would 
include pts who were In status epilepticus as well as many other patients. 

Pts received equimolar amounts of fos or phenytoin. The bloequivalent 
infusion rates (based on free phanytoin levels) were used so that the time 
of infusion was approximately 7 minutes for fos and 20 mlnutna for 
phenytoln. The total dose was to be 20mg/kg phenytoln equivalents (PE) 
except for patients with baseline phenytoln levels or patients over 65 
years of age who received 1 Smg/kg. 

90 patients received Cerebyx while 22 received Dllantln. The study was 
started in April, 1995 and completed in June, 1995. 

Roughly half the patients In each treatment group were epilepsy patients: 
roughly a third of the patients in each treatment group were neurosurgery 
patient.o. Only 2 patients with status epilepticus ware antwred and both 
were in th~ Cerebyx arm of the trial. 

14°/o of C&rebyx patients had the infusion modified because of AEa: 2°/o had 
the infusion modified because of AEs and pump problems. 50°/o of Dilantin 
patients had the Infusion modified because of AEs; 14°/o had the infusion 
modified because of AEa and pump problems. The predominant reason for 
modifying the infusion ln Dllantin patients wa1 the occurrence of local 
injection site pain. The predominant reason for modifying the infusion in 
Cereby>< paUenta waa the occurrence of more generalized Itching and 
tingling, especially In the groin and lower extremities. 
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R.R·llEG 720·03 593 12 0 Seeond Safety Update 
fosphenytoin St'dium 
Injection 

·;-ABLE 5. Study 982~26: All and Associated' Adverse E\'enta by Body System 
and Treatment Group 

[Number (%) of Patients) 
- ------ ---

(Paae 1 ()f 3) 

BODY SYSTEM/ 
IV Folphenytoin IV Dillllti.D 

N•PO N•U 
Adv1r11 Event.a 

All Auooiattd All AMooiated 
ANY ADVBRSB BVBNT Bl (90) 7S (83) 18 (82) II (825 . 
NERVOUS SYSTBM6 69 (11) 63 (70) 17 (17) 17 (77) 

Ny1tapiu1 40 {44) 39 {43) l3 (59) 13 (59) 

Dizzintll 28 (l l) 13 (31) 6 (17) 6 (27) 

Sosnnol1nc1 ti (10) 11 (lO) 6 (l7) 6 (27) 

Atax1ft 10 (l i) 9 (10) 4 (ll) 4 (18) 

Stupor 1 (8) 7 (8) 1 (S) l (5) 

lncoordination 4 (4) 4 (4) l (5) l (5) 

Parestbuia 4 (4) 4 (4) 0 (0) 0 (0) 

E"uapyramidal Syndrome 4 (4) 3 (3) 0 (0) 0 (0) 

Tremor 3 (3) 1 (I) 2 (9) 2 (9) 

Aaitauon 3 (3) 0 (0) 0 (0) 0 (0) 

Hyputhu11 2 (2) 2 (2) 2 (9) 2 (9) 

0y1Ar1hr11 2 (2) 2 (2) 0 (0) 0 (0) 

Vori190 2 (2) 2 (2) 0 (0) 0 (0) 

Bram Edema l (2) () (0) 1 (S) 0 (0) 

NC!uropathy 2 (2) f) (0) 0 (0) 0 (0) 

l\kathma l (l) ' (l) 0 (0) 0 (0) 
Coma (l) (1) 0 (0) 0 (0) 

bm1or1n11l Hypertflotioo (l) (l) 0 (0) 0 (0) 

Abnormal 01'' (l) 0 (0) 0 (0) 0 (0) 
Hcnuplea\a (l) 0 (0) 0 (0) 0 (0) 

Hyper1onia (l) 0 (0) 0 (0) 0 (0) 

Refle)(ts lncreaaed {1) 0 (0) 0 (0) 0 (0) 

Tw1tch1ng (1) 0 (0) 0 (0) 0 (0) 

Anxiety 0 (0) 0 (0) 1 (5) 1 (5) 

Euphona 0 (0) 0 (0) 1 (5) (5) 

SpHch D11order 0 (0) 0 (0) 1 (5) l (S) 

SKIN AND APPBNDAOBS1 -., (SO) 0 (48) 1 (S) 1 (5) 

Pruntus 44 (49) 43 (48) 1 (5) l (5) 

Funaal Oermahtll 1 (l) 0 (0) 0 (0) 0 (0) 
Ruh (I) 0 (0) 0 (0) 0 (0) 

i 
Con1,der1d by the inv11ti1ator to be dtfinit1ly. probably, po11ibly related to trutmeat, or of 

b 
i.n1uf(io1ent 1nf ormauon to dlttrmiu relatioa.ahip. 
The total• for t.hi1 body l)'•ttm an l•u than th• number of p1ti1at1 with 1dv1n1 1w1at1 beo1u11 at 
l1a1t l p1htDt bad more tbo 1 advent 1v1ot. 
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JUl .. JtEG 720 .. 03,93 13 0 
Second Safety Update 
fosphenytoin Sodium 
Injection 

TABLES. Study 982-26: All and Associated' Adverse Events by Body System 
and Treatment Group 

[Number (%) of Patients] 
(Paae 2 of 3) 

BODY SYSTBMI 
IV Fo1ph1nytoin IV Dilazuin 

N•90 N •2l 
Adverse Svutl 

All Auooiated AU Auociated 

DJOBST1VE1 17 (19) '' (16) :I (l-i) , (14) 

Nausea I (9) 6 (7) 3 (14) 3 . (14) 

Tonauo Di1ordtr 4 (4) 4 (4) 0 (0) 0 (0) 

Dty Mouth .. (4) l (l) 1 (5) (S) 

Vomitinl l (2) 1 (2) 2 (9) 2 (9) 

Reoi.al Disorder 1 (1) 1 (l) 0 (0) 0 (0) 

Ten11mu1 (1) 1 (1) 0 (0) 0 (0) 

SPBCJ.Ai. SENSBS1 .. !4 (16) 11 (13) , (14) , (14) 

TU\natua 8 (9) I (9) 2 (9) 2 (9) 

Diplopia 3 (3) 3 (l) 0 (0) 0 (0) 

T11to Pervcnion 3 (l) 2 (2) 0 (0) 0 (0) 

Alllblyopia 2 (l) l (2) 2 (9) 2 (9) 
DHfDIH l (2) I {l) 0 (0) 0 (0) 

Ear 011order 1 (1) 1 (1) 0 (0) 0 (0) 
Bye Oi1order (I) 0 (0) 0 (0) 0 (0) 

Vi1ual Field Defee' I (l) 0 (0) 0 (0) 0 (0) 

CARDIOV ASCULAR1 13 (14) 12 (ll) 4 (11) 4 (18) 

Hypoton1ion 1 (8) 7 (I) 2 (9) 1 (9) 

V11odilatation 5 (6) s (6) (5) l (S) 

Tachyoard11 2 (2) J (1) 0 (0) 0 (0) 
Hypntcn.twn l (l) 0 (0) 0 (0) 0 (0) 
Palpitation 0 (0) 0 (0) 1 <'> 1 (S) 

eoby AS A WHOLE1 13 (14) I (9) 2 (9) 2 (9) 

Pelvae Pain 4 (4) 4 (•0 0 (0) 0 (0) 
A1tbenia 2 (2) 2 (2) 0 (0) 0 (0) 
Back Pun 2 (2) 2 (2) 0 (0) 0 (0) 
Head.ache 2 (2) 0 (0} l (5) I (5) 
OverdoH l (I) l (I) 0 (0) 0 (0) 
Pain {l) 0 (0) 1 (5) (S) 
ChiU1 (1) 0 (0) 0 (0) 0 (0) 
Cryptococeo1i1 1 ()) 0 (0) 0 (0) 0 (0) 
Death 1 (1) 0 (0) {) (0) 0 (0) 
Paot Bdem1 I (l) G (0) 0 (0) 0 (0) 

I Con1idcr1d by \he 1nveat11ator to be defiDit.ly, probably, po11ibl;· related to traauntat, or of 

~ 
m1urt\o\tn\ 1.Uormation to d1t•naiu nlatioubip. 
Tb• to1&l1 for Uu• body sytt.a\ ar• IH• tban U.1 number of pati1nta wUh advtnt IVIDU btot\IM at 
l1aat l patient had more tbaD I tdYtl'll 1Y1Dt. 
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TABLB 5. Study 982-:!6: All and Associated' Advene !vents by Body System 
and Treatment Group 

BODY SYSTBM/ 
Adveru Iv.all 

(Number (%) of Patient•] 
(Pqe 3 ot 3) 

IV Po1pbtnytoiD 
N • 90 

All Auoollc.d 
BODY Al It. WHOLl1 (aoatiautd) 

IV DUIDUD 
N•22 

Xii · Alaool1t1d 

Fever (I) 0 (0) 0 (0) 0 (0) 
lajtodOA·Slte RlaotioD (1) 0 (0) 0 (0) 0 (0) 

RBSPIRATORY J (J) 0 (0) 0 <2) 0 (0) 
Pneumonia I Cl) 0 (0) 0 (0) 0 (0) 
Sha\&liti1 I (l) 0 (0) 0 (0) 0 (0) 
Sputum 1Aor1111d (I) 0 (0) 0 (0) 0 (0) 

MBT ABOLIC AND NUTRlTIONAL 2 (2) 0 (0) 1 (!) I (5) 
Hyperalycemia 1 Cl) O (0) 0 (0) 0 (0) 
Hypoktlemia (l) 0 (0) 0 (0) 0 (0) 
Peri beral Edema 0 (0) 0 CO) 1 S 5 

HBMJC AND LYMPHATIC 2 (2) 0 (0) 0 ( ) (0) 
Ecobymo1i1 1 ( 1) 0 (0) O (0) O (0) 
Hypoobromio Anemia ( 1) 0 (0) 0 (0) 0 (0) 

UROOENIT AL 2 (2) 0 (0) 0 (0) 0 (0) 
Urinary Traat laf1otion I (l) 0 (0) 0 (0) 0 (0) 

1 
V •final Moniliuia l (I) 0 (0) 0 ~O) 0 (0) 
Con1id1red by tbe iav11tiptor to bl dtfWtely, probably, po11ibly rtlated to tr1111D1ot, or or 
in1umoitat ial'ormatioa to dettnniD• relatioDllUp. 

b Tbt total1 tor tlu1 body l)'t1em an 1111 than tb1 aumbtr or pati1ata witb 1dvt111 1vnt1 bt1au11 at 
l111t l patitat llld more tb&ll 1 advent event 
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The AE profile In thla atudy revea:1 prurltu1 in 50% of Cerebyx patients 
and 5% of Diian tin pa ti en ta. 

Of the 44 Cerebyx patlenta who r1port1d prurttu1, e reported 1ever1 
intensity. 8 patient• had prurltua continue far up to 1 ·2 houra. Not atated 
fa the f nt•nslty of the prurltua for th111 la at 8 patl1nt1. 5 p1t11nt1 had 
no atop time recorded for the prurltu1. 4 were llatod aa r1oov1red at the 
follow·up visit. One waa ll1t1d 11 cllnloal outcome unknown. 

The tnfualon was modified for 13/44 C1r1byx pat11nt1 with pruritua. r 1one 
of !ha patients with prurltua reported any addltlonal •kin r1acMon1, fever, 
or tJthar AEa 1ugg11tiv1 of drug hyperaeneltlvlty or 1n1phyl1xl1. 

The AE listing ta attached. 

9% of Cerebyx patient• reported locatiz1d pain and/or burning at th• 
Injection alt• during Infusion compared to 90'/o of Dllantln patients. 

Cohort of P1U1nt1 Adtqu1t1ly Lo1d1d IV: All the .~tw 1xpo1ur11 in 
thia safety update wt rt IV, primarily at high doa11 and rat11 11 a result 
of the Study 26 and Study 27 protocol•. Th1r1for1, th1r1 ar1 currently 
194 lndlvtduala In the safety database (38 volunt11r1 and 158 patient•) 
who received Cerebyx at do1e1 >10mg/kg and rate• > 100mglmln. Of these 
194 lndlvldual1, 128 r1c1lv1d Carebyx at > 15mg/kg 111d > 1 SOmg/min. ee 
received Cerebyx at ~ 19.omg/kg and k 150 mg/min. 

Sponsor'a Table 11 1ummarlz11 the breakdown of AE1 by do•• and rate for 
the 128 patients exposed. 

Sponsor'• Table 12 1ummarlz11 th• breakdown of AEa aooordiiig to the 
reported int1n1ity of the AE1. 

Given the ha11rog1nlolty of tht total population treated at the highest 
dose and rate (1tatu1 1plleptlcu1, neurosurgery, epll1p1y), care muat be 
1xerci1ed In extrapolating from th111 r1ault1. 
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Po1phenytoln Jnfu1lon Rate (m1 PB/min) 

PIGURB l. Subject and Patient B1'po1ur1 to Po1ph1nytoin by Do11 and Rate 



U:\SlJ\Cl~982\7200l59l A (Tr) 

TABLB lO. 

210 to icu 
lll:U 

Number of Partioipant11 Exposed to 
Po1phenytoin at HiJh Doses and Rates 

latuilon Ritt (mflmila) 
a100 to c150 auo 
SUI SU2 SUI SU2 
It 2• IS 2S 
21 S2 35 lZI 

1 To&al number of p•f\loiputa &11111 tban to\ll aumbtr or 
HJMHutll btoa\&lt aome eubjeou reoeivtd multiple 1xpo1w11 
to to1pb1aytoi.a. 
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TABLE 11. Most Frequent Adverse EvetJts• by Any IV Dose 1or Jtaie. l...owa- Doses ,or Rates. md 
Higher Doses and Higher ltms 

[Num.ber (%) of Participan1S) 

IV ~1yluia mt 
IV Fvr1f•1Caytoin at 

~Ones IV Fo~lloln al •nr Lowa-Doses 
BODY SYSTEM/ ~IS mg&g)1 

Dose or Rmk (<lS ~er Rates 
Advcne Ewnt ... Hiplcr Ram N= 490 ( <150 mglmia) 

~.SO..,_.) N == 113-. 
Na 121 

ANY ADVERSE EVENT lit (711) 271 (74.S) 114 (19.J) 

296 (60.4) 2U (S7.I) 94 (73.4) 

144 (29.4) 92 (24.7) 16) (47.7) 

Dizz•1....,, 121 (24 .. 7) IS (ll.8) 39 ()l)_S) 

~ 11 (16.S) 6S (11.4) .21 (16.4) 

Sc••IOlcace S4 (11.0) 12 (S.6) 22 (172) 

AllWa 44 (9.0) 23 (6-2) ll (16.4) 

BODY AS A WHOLE 14] (l~2)i Ill (29.1) 34 (26.6) 

HadticM 50 (10-2) ]'9 (105) 12 (9.4) 

Pllin 2S (S .. I) Jl (l.2) 13 (J0.2) 

DIGESTIVE .. (11.0) S9 (IS.I) lO (23.4) 

41 (1.4) 2S (6.7) 16 (LU) 

SPECIAL SENSES 17 (17.1) S1 (lS.3} 3S (27.l) 

47 (9.6) 26 (7.0) 21 (16.4) 

SIN AND APPEHDA.CJES 1il {ll.I) 62 (16.6) Sl (41.4) 

Pl•ibn JO] (2J.O} S4 (H.S) . SI (]9.1) 

• Most freqae:at achase eWlll:S ae dcf.-d a lhose dud occ:aned ia ~% o( fospmaytoia-tratell sulijecls w .-aienb 
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TABLE 12. Most frequent Adverse Events• by Lower Doses oa· ~tes. Higher Doses and Higher Rates, and 
Maximum In.te:nslty 

[Number (%)b of Patients or Exposures in Subjects) 
IV Fosphmytoia at Doses (<IS --~ oc IV Faspllcaylllimi at Dosm ~IS •I~ _. 

Raia (<I SO •.,.._) lt.da (21 so tq/aia) 
Prd'cnal Tena N • lllc H-121 

Mild Modcnle Snas MiW IModa:llllll s...-
Asy Adwne Ewa.I 203 (73.8) ,. (21 .. 9) 14 (5.0) 66 (57:9) 36 (.311.6) II f'.6) 

Nympu 14 ('91.3) I (1.1) 0 OU) 31 (62.l) 2l ()1.7) 0 (U;D) 

Diz:ziee- 67 (71 .. 1) ., (11.1) 2 (2.t} It (.tl.1) II (<16.2) 2 (S.I) 

S4 (13 .. I) It (l~.4} I (1.S} IO (C1Jdi) 10 (41.f) 1 (4.1) 

Scimaalcace 21 (6,S.6) II (34.4) D (U'O) 10 (45 .. S) 11 (:S0.9) I (4.S) 

AllaXis II (n.l) .. (17.4) J (4.J) 10 (47.6) 10 (47.6) I (4.1) 

Hade• 24 (61 .. S) 14 (3S.!111) 1 (2-') 1 (Sl.3) s (41..7) 0 (1 .. 0) , .. 1 (58.)) 2 (16.1) 3 (25.0) 5 (31.l) I (61.S) 0 (0.0) 

N•- II (720) 6 (24.0) m (~1.0) II (611) " (25 0) I (6.3) 

T..-..S 21 (IO.I) 4 (U.4) I (J .. I) ID (47.6) 10 (47.,6) I (4.1) 

Pnuim JO (JS.6) 19 (U.2) s (9.J) 29 (S6.9) II (lS.l) 4 (7..1) 

• Most &ecpc.t .awene ew:a!I aR deliaed as diow 6illl OCClllTCd in 2:YM. of fosplta)'IDin-lllCldlcd •t;cds or ,..iicmts 
It Per=nb Rll'C MM m •ml.er of parlici,..ts wilil 6e MYCne ew:11r ill lhe .,.._ do.IC ar mle, or hlgllcr dole aid' •lie ailriF'J 
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Sponsor'• Dtacuaelon: In th!s second safety update, the sponsor 
acknowledges the occurrence of prurltus In Cerebyx-treated subjects and 
patients. The sponsor comments that other phosphate eater prod rugs, 
Decadron and Hydrocortone, cau~• a burning sensation in the groin area. 
The sponsor states that Foacavir in the treatment of CMV retinitis causes 
tingling. The spCJnsor draws attention to the fact that, In Study 26, 
infusions were interrupted more often with Dllantin than with Cerebyx. 
The sponsor acknowledges that Interruptions require patients to be awake; 
the sponsor states that patients were, as a rule, awake in Study 26, 
although specific treatment group comparisons of level of consciousness 
are not presented. 

My Commanta: After reviewing the sponsor's references on Decadron and 
Hydrocortone, I am impressed by the similarities between the character 
and the location of the sensory disturbance that those drugs create and 
that Cerebyx creates. Specifically, Cerebyx, like Oacadron and 
Hydrocortone, seems to cause a burning and Itching which predominates 1n 
the groin area. The intensity of the disturbance seems less with Decadron 
ana Hydrocortone, but the loading dose of these drugs would deliver only 
1 /20th-1/10th the phosphate that a loading dose of Cerebyx would 
deliver. Could phosphate alone cause this characteristic sensory 
disturbance ? If so, are there any intermediate steps required, for 
instance, the induction of hypocalcemia via calcium-phosphate 
precipitation ? 

My e&nswer to the last question would be, perhaps not. The sensory 
disturbance described in hypocalcemia is usually a tingling that localizes 
to the face and hands. While tingling Is also described in Cerebyx-treated 
patients, burning and itching predominate In the da.scrlptlons provided. 
Further, the burning and Itching with Cerebyx is ott\tn immediate In onset, 
suggesting a minimal number of steps to cause the phenomenon. Also, free 
calcium levels were checked in 5 subjects in Study 27 immediately after 
infusion and were normal. (Not stated was whether these same 5 subjects 
had sensory disturbances.) 

The sponsor mentions Foscavir as another drug that causes sensory 
disturbances. My understanding is that Foacavir Is not broken down to 
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phosphate, but rather is excreted unchanged in the urine. It Is believed 
that FoscavJr actually chetates calcium causing a transient hypocalcemla 
which, In turn, causes the characteristic sensory disturbance of 
hypocalcemla (tingling in the face and hands). Therefore, I do not think 
Foscavlr-lnduced sensory phenomena are parallel to Cerebyx-induced 
sensory phenomena. 

From Studies 26 and 27, I believe the sponsor could provide a much better 
description of the sensory disturbance caused by the SE dosing regimen of 
Cerebyx. Currently, I have only bean provided narrative accounts for 
patlents and subjects who had "serious" AEs. Patients who had "severe 11 

but- not "serious" sensory disturbances are of special Interest. For these 
patients, I think we need to know the duration of sensory disturbance. 

cc: 
HFD-120 
NOA 20-450 

John Feeney, M.D. 
Medical Reviewer 
January 25, 1996 

H FD-120/Leber/Katz/Feeney/Nighswander 
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APPENDIX B.2 

NARRATIVBS FOR DBATHS. smuous ADVBRSB RVBNTS. 
AND wmu>RAWALS BBCAUSB OP ADVIRSB BVBNTS 

1HROUGH 09115195 
(Piao 1 of 13) 

Overall Listina of Deaths, Serious Advone Bveata, and Witbdrawals Because 
of Advene Bvenu 

Nainliv• 
Study Cu&ar/Pa&ieat llldioatioa Dlalh l:rioua A! WidsdNwal N.ambv 

studl• ' Subjects 
m 

(Ill. :Yrndix P) 

981-003 OOl/016 HS x x 1 (SW) 

982-0 l l 0111010 HS x x 2 (SW) 
982-012 0121006 HS x l (I) 
912·017 0171001 HS x • (W) 

Studiea lD Patieats 
982-013 007/014 E x x 5 (SW) 

'>l 110131 E x 6 rN> 
912--014 001/006 N x 7 (8) 

0011012 N x x • (l)I) 
0011014 N x x x 9 (DSW) 
0051003 N x 10 (W) 
00.S/OOS N x x u (l)S) 
007/003 N x x x 12 (DSW) 
0071(127 N x x 13 (DS) 

0091002 N x x x 14 (l>SW) 
0091009- N x x x u (DSW) 
0091011 N x x x 16 (DSW) 
009/027 N x x 17 (SW) 

009/021 N x 11 (S) 
982-015 0011005 N x 19 (S) 

003/015 N x x x io (DSW) 
OOJ/011 N x x x 2l (DSW) 
0031022 N x 22 (W) 
0091001 N x u ~ 

HS .. Hwthy M1bj1GC..; E • Bpiltpty; N • N""oaur1ery; 0 • Dlalb; S • lerioue a.dvene .vtm; 
W • Withdrawal. 
• Paaeni tneartd th• atdy a MOOnd cimt Ii Cem.r 10 u Palient 21 and wu with .. wn a1lin lMoau11 of 

turular event&. 

" Patsent had a Mriou• advtrH avant and clilcl prior IO racaivU.1 ltUdy dnaa. 
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APPBNDIX B.2 

NARRA11Vm FOR DBA111S, SBRIOUS ADVBRSB EVENTS, 
AND Wfi'BDRAWALS BBCAUSB OF ADVBRSB BVBNTS 

THROUGH 09/15/95 
(Pap 2of13) 

Overall Listina of Deaths, Serious Advorse Bvents, and Withdrawala Becluse 
of Ad·.-one Bvents -

Scudy CtlUr/Patieac llldiNiOD Deida Sariou1 AB Wichdtlwal 

Studies bl Patlnta (contlltued) 
982-016 0011001 SB x 24 (I) 

001/016 SB x '1 (S) 
001/017 SE x 31 (S) 
0011020 SE x 33 (S)' 
0021006 SI! x x 25 (DI) 
002/011 SB x x 26 (DI) 
001/013 SE x x )0 (DI) 
0091009 SB x 27 (S) 
0091021 SE x ~ (I) 
009/22 SI! x ~ (I) 
0121016 SB x x ,, (DI)' 

912-021 0021003 LD x 21 (W) 
982.022 004/011 Lb x Zf (I) 
9112-026 001/009 LD x x x ,, (DSW)' 

0011014 LD x :II cw-,' 
0011015 LD x 39 (91)4 
001/0'3 LD x x x i40 (DaW)' 
001/049 LD x x x 1U (DIW)' 
0021001 LD x x 35 (DI)' 
0051001 LD x 42 CW>' 
0071002 LD x 36 (I)' 
0011003 LD x ,, CW>' 
0011004 LI> x 44 CW>' 
0071009 LO x ,, 

~· 007/018 LO x 46 r!lt 
SE ;. Staa11 epi.lepticu1; LO - RlqUittd loadi.na doM; D - DNil; s - Ser;ov• adv«H .VIGCi 
W • Withdrawal. 
~ Occuned afler data cut-off for lht NDA (narnliv11in115, Section 9.2.2) 
I Ocourred dunna .,-riod oovend "Y SU 1 
4 OoO\lmd durin& period covand by SU2 
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Study 982-13: A 6-Day Study of the Tolerance and Safety of IM 
Foaphenytoln 

lnveatlgatora 

1 Abou-Khalil Tennessee 20 
2 Dy ken Alabama 3 
3 Garnett/Pellock Virginia 24 
4 Lai Missouri 15 
5 Leroy Texas 18 
6 Matsuo Utah 1 7 
7 Michie/Tipton Florida 20 
8 Ojemann Washington 20 
1 () Ramsay Florida 31 
1 1 Singer Florida 20 
1 2 Verma Michigan 20 
1 3 Wilder Florida .3..2 

Total 240 

A. Study Dealgn 

This was a 5-day, double-blind, placebo-controlled, parallel-group study 
of IM Fos. By protocol, adult pta were considered for Inclusion If they 
were taking oral Dllantln for the treatment of epilepsy or seizure 
prophylaxis, had stable blood phenytoin levels, and were maintaining a 
record of their seizures. 

Pts tn one group (250/o of total N) were to continue receiving their oral 
Dilantin dose along with IM placebo. Pts in the other group (75°/o of the 
total N) were to receive placebo orally along with IM Foa. 

Sponsor's Table 3, a schedule of time and even~~. is attached. After each 
injection, subjective evaluations of any irritation produced by the 
injections were to be made by the patient and the Investigator. Seizures 
were to be recorded. One week after the laat lnjectlon, a final physical 
exam was to be performed. 
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A subset of pts at a single study site (N=24) was to have a more extensive 
PK evaluation. Tht' rest of the pts had determinations made of plasma 
phenytoln levels lmmeoiately before double-blind treatment and again on 
the fifth day of treatment. 1 he subset of 24 pts had to be on a OD regimen 
and had plasma sampies collected on Day • 1 before doaing and at 1, 2, 3, 4, 
6, 8, 12, 16, and 24 hrs post dosing. On Days 1 ·4, samples were collected 
before dosing. On Day 5, samples were collected before dosing and 0.5, 1 , 
1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 12, 16, and 24 hrs post dosing. Samples were 
analyzed for total and free phenytoln levels and Fos levels. 

Inclusion/Exclusion Criteria were as follows: 

o Pts with epilepsy or recovering from neurosurgery 
o 18 years of age and older 
a On a stable dose of oral Dllantin for treatment or prophylaxis 
o Oral regimen OD or BID 
o Phenytoin levels between 10-20, with 2 samples between 1-4 

weeks apart within 4 weeks of atudy entry which are within 30o/o of one 
another 

o Hllve a written record of seizures for at least 28 days (if being 
treated for epilepsy) 

o Not on more than 2 drugs to control seizures 
o Absence of life-threatening dl&ease 

Injections were given In the gluteus maximus and could be divided Into 2 
equal injections given in separate location• If the dose required a !arge 
volume. The pt was to rate on a 4 point scale the extent of pain, lt<:hlng. 
and burning immediately after injection and again at 5, 30, 80, and 120 
min post-injection, and Immediately prior to the next injection. 

The attending investigator would examine the site of Injection at 5 and 30 
min, and 1 and 2 hr after injection and again Immediately prior to the next 
injection. A subjective rating of Injury and local irritation was to be 
made using a 4 point scale applied to the 4 symptoms: rednaas, swelling, 
tenderness, and necrosis. 

The dose of oral and IM study medication could be adjusted to matntatn 
therapeutic blood _,concentrations and to minimize phenytoin toxicity. 

The protoeot·specifled analyals plan was vague beyond stating that local 
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irritation would be compared between groups. It was statsd that analyses 
of both safety and efficacy would be stratified based on whether the drug 
was given as prophylaxis or as treatment for epilepsy. 

The efficacy analysis was likewive vague other than to say that 
comparisons between treatment groups would be made for seizure control, 
looking at the treatment period as well as the Immediate pre- and post
treatment periods. 

"The sample size of 200 was not chosen based on statistical 
considerations. This number of pts, added to those In other studies, is 
intended to demonstrate safe passage of pts treated with Fos in a samJ,;!e 
of over 500 pts and normal volunteers." 

B. Subject Diapoaltlon and Baaelln• Comparison 

The first pt entered the study on April 23, 1991 and the last pt completed 
the study on December 30, 1991. 240 pts were randomized; 5 pts in the 
Fos group did not receive all 5 days of dosing and 1 additional pt who did 
receive 5 days of dosing did not return for the follow-up visit. 

By design. pts could receive medication OD or BID; in fact, all pts received 
their medication OD. One treatment group consisted of 179 pts. The other 
treatment group consisted of 61 pts. The two treatment groups were 
similar in demographic characteristics. 95°/o of pts In both groups carried 
a diagnosis of epilepsy; only 6 pts in one group and 3 pts In the othAr were 
neurosurgery pts who required seizure prophylaxis. The moan daily dose 
of Dilantin was 375mg. with a range of 200·500mg. 

The two treatment groups were balanced with respect to the concurrent 
AED medications used. 70°/o of pts took no other AEDs. 9· 10°/o of pts took 
concurrent phenobarb. 9-10°/o of pte took concurrent VPA. 7-8°/o of pts 
took concurrent carbamazepine. 

·17 4/179 pts in the Fos group received all 5 days of treatment. 61 /61 pts 
in the Dilantin group received all 5 days of treatment. 

During the treatment phase. 13 Fos pts had thelt· dose adjusted. 5/13 had 
doses towered because of AEs such as contusion, ataxia, dizziness, and 
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nystagmus. 2/13 had doses raised because of poor aeizura control. 5/13 
had dose adjustments because plasma levels were either too high (2) or 
too low (3): recall that the protocol called for level• durlnt:: the treatment 
phase only In pts In the PK spacial study group. 1/13 had th• doaw; lowered 
a imply due to noncompliance. 

2 pta withdrew because of AEs. 2 pta withdrew because of 
"administrative" reasons. A fifth pt In the Foa group did not receive all 5 
doses, but completed the study visits. 

Protocol variations that could impact on interpretation of focal trrttatton 
were as follows: 

nonalternatlng sides for medication Injection In 75 pta 
multiple injection sites in 7 pta 
multiple injections for a given dose not of equal volume In 5 pts 

In 26 pta, at least one phenytoin level during 1cr11n w11 1111 than 1 o. In 
3 pts, the 2 plasma levels during screen were not within 300/o of each 
other. 

C. Raaulta 

Given the multiple tests for local irritation performed by both the pt1 and 
physicians, along with the multiple time points at which these tests were 
performed for each injection, and the 5 different lnj1ctlon1, It ta hard to 
envision a statistic that would capture all this data In a meaningful way. 
Suffice it to say that a visual screen of all the ll1tlnga for local akin 
irritation reveal no cllnloally significant dlff1r1nce1 between Fos and 
placebo injections, other than a slight increase in ml•d to mod•rate 
itching within the first hour after injection. 

No deaths occurred during the study. 2 pta withdrew from the Fos group 
because of AEa. 1 pt experienced a aerioua AE in the Foa group. 'The one 
serious AE reported was phenytoin toxicity. The pt recovered completely 
after withdrawal from the study; the lnv11tlgator noted that the pt had 
taken some additional do1e1 of Ollantln from her own supply on Daya 1 and 
2 of treatment. The other withdrawal waa due to an attergtc reaction and 
pruritus, with fufl recovery off treatment. (Recall that pt1 had been 
expo1ed to ph•nytoin chronically before entering the 1tudy: exposure to 



Fos was not the pt'a first exposure to phanytotn.) 

The percent of pts reporting any AEa wa1 11tghtty higher In the Fos group 
(88o/a) compared to the placebo group (62"/o). 

There was a higher incidence of nyatagmu1, lncoordlnatlon, headache, 
nauaaa, and prurltua in the Foa group. 

During the study, 8 pta experienced AE1 that were rated .. 1ev1r1" in 
Intensity, 4 on Foa and 2 on placebo. In the Foa group, one pt was 
dlacuaaed above as the wlthdrawal for allergic reaction and prurltua. 
There waa one caae each of severe nauaea, vomiting, and migraine. In the 
placebo group, there w11 one case of dlzzln111 that re1pond1d to a reduced 
dose, and one case of local excision of a breast laalon. 

The incidence of seizures during treatment differed between the Fos and 
placebo groups (18% vs 10%). In particular, Foa pta had a high incidence 
of partial complex 1eizure1 (11 %) compared to placebo (2%). Two Foa pt1 
required dose adju1tmenta because of poor aeizure control. Moat pta 
experienced no aelzurea In either treatment group 10 that the aponaor's 
comparison of average number of 1eizur11 per day between treatment 
groups Is not very Instructive. The aponaor acknowledges that the latter 
la highly influenced by a single patient with a large number of 11izure1. 
,The sponsor reports 1ome additional analy1e1 which compare change from 
baseline to treatment period or change from treatment period to peat· 
treatment; no atatlatlcally slynlfloant dlfter1nc11 were found. 

Blood pressure, heart rate, and r11plr1Uon rate were recorded in relation 
to Fos injections. No clinically Important trend• were noted In any of 
these paramotera following Foa Injection, although 2-3 pt1 were noted to 
have blood pressures as low aa 90/60 30·60 mlnutoa after Fos Injection. 
Pt 11-13 who discontinued because of dizziness had a BP of 90/60 30 
minutes post·doae with a pre-dose pre11ura of 110/70. No pr111ura1 
tower than 90/80 were noted for any pt at any time. 

To determine any trend toward abnormal lab values during the study, pts 
were categorized aa to whether their lab values were below, within. or 
above normal range at ba1elln1 and at th• end of treatment. Changes to 
low or high from the 1creening value to the flrat follow-up visit ware 
aummarized. The sponsor notaa that no con1l1tent dlff1renc11 or 



clinically Important trends were evident. Changes from normal at screen 
to low at flu occurred for at least 10% of pta in either group for RBC 
count. wee count, and calcium. 

Detalled PK Analy1l1: At Canter 3, evaluable data waa available for 13 pta 
out of a targeted population of 24. The 1pon1or 1xplaln1 that for 7 of the 
remaining 11 pta. 1ampl11 were collected In heparlnlzed tub11 which were 
later found to Interfere with Foa measurements. The remaining 4 pta 
were tn the oral Dllantln/IM placebo group and ware therefore not Included 
in the analyaea. For the 13 avalfabla, 11mpl11 had bean drawn at baseline 
at numerous tlmaa In relation to oral doae adminlatratlon: on day 6. 
samples again were drawn at numerous times In relation to IM Foa 
administration. The ratios for Day 5 (IM Foa)/B.iaelina (oral Ollantln) are 
as follows: 

Total Phenytoln 
Cmax 1.21 
Tmax 0.66 
AUC 1.05 

Free Phanytoln 
Cmax 1.32 
Tmax 0.42 
AUC 1.18 

The increaae1 in Cmax and AUC might be explained by th1 lncr1aaed 
bloavallablllty of Foa (1008/o) rel"tlve to oral Dllantln (90%). The more 
marked Increases In free phenytoln following IM Foa might be conalatent 
with displacement of phenytoln from pla1ma protein binding 1tt11 by Foa. 

Overall PK Analysis at All Centers: A trend analy1i1 waa uaad to 
determine if there ware dlfferencea tn trough concantrattona between 
treatment groups over time. 20 pta who required changes In dosage during 
the study were •~eluded from the analy1l1; data ware available for 165 
Foa treated pta and 55 Dllantln traat•d pts. The results showed that the 
mean trough concentratlona of total phenytoin provided by Foe lnoreaaed 
slightly from the first day through the follow-up visit, while the mean 
trough levels provtdeC: by Otlanttn orally tended to stay the aama. The 
Increase in trough level• •••n with Foa may be con1l1tent with the 
complete bloavallabUlty of IM Foa. 
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D. Conclualona 

The PK data from this trial needs further Blopharm review. Based on the 
sponsor's presentation of the data, It appears that an IM dose of Fos may 
be substituted tor an equtmolar oral do11 of Dllantln, achieving plasma 
levels of total phanytoln and free phenytoln which are roughly 200/o higher. 
The AE profile of IM Fos r•flacta an Increased Incidence of nyatagmus, 
lncoordinatlon, nausea, and headache, all of which might bt expected with 
higher phenytotn and frt• phenytoin levela. The Increased Incidence of 
prurttua with IM Fos la unexpected based on higher ph1nytoln levels alone, 
but would not preclude use of IM Fos. 

Perhaps the pts who would benefit most by IM Fos would be chronically 
Dilantin·treated pta who have a transient 2·3 day gaatrolntestlnal 
disturbance which prevents oral medication, but la tran1l1nt and not 
expected to require IV access for hydration or caloric Intake. 

Because of the delayed Tmax of total phenytoln and free ph1nytoln after IM 
Fas, IM Fos is not an alternative route of phenytoln administration In pts 
with st.-tua epUapticus. 
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TABLB3. Scbcdule of Study Pmcedurel 

Study ProcedUN Padct Poll ow-up 
Seltodao Vbtt 

J)q 

·21 to ·I 1 lblouPS 6 13 

MllmlM Prom JM lajeotlora 
·15 5 30 60 120 

Medical Hil&ory x 
Curnot Medleatlou x 
Selzun Hlatoiy x 
Pby1ical Bum x x x 
PnpuoyT11t x 
PWI Neuro Bwn x x 
Brief Neuro Bum x x 
Vital Sipa x x x x x x x 
Record Se1aaru x x x x 
Clinical Laba' x x x 
DnaaScrwea x x x 
PbeaytoiD Concentntioa 2X x x 
htitat RatlDp x x x x x x 
Injection Site I'um x x x x x x x 
Global Evaluation 

• Hematolol)', blood chemlmy, ud wimly1i1 
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TABLE 11. All and Associated Adverse Bvenu by Body System and 

Treatm~t Group 
[Number ( S) of Patients] 

(Pqe 1of3) 

IODY S':~1'BM/ 
JM POS/PO PIO PO DJIJIM PBO 

N • 179 N • f'l 
Prehmd Term 

All Allocl1ted All Aaociated 

ANY BODY SYSTEM 121 (67.6) 71 (!9.7) 31 (62.3) 19 (31.1) 

NERVOUS 77 (43.0) 51 (28.5) 26 (42.6) 1' (21.3) 

Nyttapaua 27 (15.1) 15 (8.4) 5 (1.2) 1 (1.6) 

Tremor 17 (9.5) 12 (6.7) 8 (13.1) 5 (8.2) 

Ataxia 15 (8.4) 6 (3.4) 5 (8.2) 0 (0.0) 
Incoordination 14 (7.1) 10 (5.6) 3 (4.9) l (1.6) 

Somnolence 12 (6.7) 10 (5.6) 6 (9.1) 6 (9.8) 
J)imnw 9 (5.0) 8 (4.5) 2 (3.3) 1 (1.6) 

Panllthuia 7 (3.9) 3 (1.7) 2 (3.3) 2 (3.3) 

Reftoxa decrcued 5 (2.8) l (0.6) 3 (4.9) 2 (3.3) 

Depenona11ution 2 (l.1) 2 (1.1) 0 (0.0) 0 (0.0) 

Abnormal pit 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

C.O.Df\Won 1 (0.6) l (0.6) 0 (0.0) 0 (0.0) 

Dyaanhria 1 (0.6) l (0.6) 0 (0.0) 0 (0.0) 

HyperlciDeaia 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 
Hypenonia 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

Stupor 1 (0.6) 1 (0.6) 0 (0.0) 0 (O.O) 
Verti10 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

Reftexe. increued 1 (0.6) 0 (0.0) 3 (4.9) 0 (0.0) 

Nerve t.uus 1 (0.6) 0 (0.0) 2 (3.3) 1 (1.6) 

Anxier. · 1 (0.6) 0 {0.0) 0 (0.0) 0 (0.0) 

Hypeat.beaia 0 (0.0) 0 {0.0) 2 (3.3) 2 \1.3) -BODY AS A WHOLE 45 (25.l) 18 (10.1) 12 (19.7) 4 (6.6) 

ffeed•che 16 (8.9) 5 (2.8) 3 (4.9) 1 (1.6) 

Al them a 7 (3.9) 5 {2.1) 2 (3.3) 1 (1.6) 

.. Accidental injwy 6 (3.4) 1 (0.6) 4 (6.6) 1 (1.6) 

Back pain 6 (3.4) 1 (0.6) 0 (0.0) 0 (0.0) 

Pain .. (2.2) 0 (0.0) 1 (1.6) 1 (1.6) 

Abdominal pain 3 (1.7) 3 {1.7) 1 (1.6) 0 (0.0) 
Infection 3 (1.7) 0 (0.0) 3 (4.9) 0 (0.0) 
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' TABLB 11. All and Associated Adverse Bvents by Body System and 
Ttmtment Group 

[Number ( '5) of Patients] 
(Page 2 of 3) 

IM POSIPO PBO PO Dn.JIM PBO 
BODY SYSTEM/ N • 179 N • 61 

Preferred Tenn 
All A.uoclu.d All Auocl1aed 

BODY AS A WHOLE (continued) 
Plu ayndromo 3 (1.7) 0 (0.0) 0 (0,0) 0 (0.0) 
Alltqic reacdoa 2 (1.1) 2 (1.l) 0 (0.0) 0 (0.0) 

lltjection 1ite ruction 1 ,.,.6) 1 (0.6) 0 (0.0) 0 (0.0) 
Malai1e 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

Overdote 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

DIGBS'I1VE 15 (8.4) 6 (3.4) 1 (1.6) 0 (0.0) 

Nau.sea 8 (4.5) 5 (2.8) 0 (0.0) 0 (0.0) 
Vomiting 5 (2.8) 2 (1.1) 0 (0.0) 0 (0.0) 
Conatipalion 3 (1.7) 0 (0.0) 0 (0.0) 0 (0.0) 
Dyspepsia 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 
Diarrhea 0 (0.0) 0 (0.0) 1 (1.6) 0 (0.0) 

HEMIC AND LYMPHATIC 15 (1.4) 12 (ti.7) 3 (4.9) 2 (3.3) 

Ecchymosis 13 (7.3) 11 (iS,l) 3 (4.9) 2 (3.3) 
Loukocytosis 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 
Lymphadenopathy 1 (0.6) 0 1,0.0) 0 (0.0) 0 (0.0) 

SKIN AND APPENDAGES 10 . (5.6) 4 (2.2) 0 (0.0) 0 (0.0) 
' 

Pruritua 5 (2.8) 4 (2.2) 0 (0.0) 0 (0.0) 
Ruh 2 (l.1) 0 (0.0) 0 (0.0) 0 (0.0) 

Skin discoloration 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 
Contact dermatitis I (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 
Maculopapular rub I co:'> 0 (0.0) 0 (0.0) 0 (0.0) 
Pulallar rash I (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 
Sweatlna ., 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 
Uniearia 1 (0.6) 0 (0.0) 0 (0.0) 0 (O.O) 

CARDIOVASCULAR 7 (3.9) 4 (2.2) 0 (0.0) 0 (O.O) 
H)'pert;naion 3 (1.7) 1 (0.6) 0 (0.0) 0 (0.0) 
Mlgraino 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 
Palpitation I (0.6) I (0.6) 0 (0.0) 0 (0.0) 

Syncope I (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 
Postural hypottmlon I (O.CS) 0 (0.0) 0 (0.0) 0 (0.0) 

t 
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TABLB 11. All and Assoc.iated Advene Bveuts by Body System and 
Treatm~t Group 

BODY SYSTEM/ 
Profernd Torm 

MUSCULOSICELBI'AL 

Lea cramp• 
Joint dilOl'der 

Aithnlal• 
RESPIRATORY 

Pharynsiti• 
Dy1p11ea 

Luag diaorder 

Sin"'itia 
Rhinitis 

SPECIAL SENSES 

Amblyopia 
Diplopia 
Bye disorder 

METABOUC AND 
NUTRmONAL 

Edema 
Peripheral fl'!ema 

ENDOCRINE 
Thyroid disorder 

UROGENITAL 

Breut neopJum 

Fibrocyatic breast 

Impotence 

SURGERIES/PROCEDURES 

SuraeriOl!Procedurea 

f:\CLC\IJl\72003141.A 
11'24193 • 14:27 

[Number ( ~) of Patients) 
(Page 3 of 3) 

JM POSIPO PBO 
N • 179 

All Auooi11ed 

4 (2.2) ! (1.7) 

3 (1.7) 3 (1.7) 

1 (O.~) 0 (0.0) 

0 (0.0) 0 (0.0) 

4 (2.2) 0 (0.0) 
1 (0.6) 0 (0.0) 
1 (0.6) 0 (0.0) 
1 (0.6) 0 (0.0) 
1 (0.6) 0 (0.0) 
0 (0.0) 0 (0.0) 
4 (2.2) 0 (0.0) 
2 (1.1) 0 (0.0) 
1 (0.6) 0 (0.0) 
1 (0.6) 0 (0.0) 

2 (1.1) 0 (0.0) 
I (0.6) 0 (0.0) 
1 (0.6) 0 (0.0) 

1 (0.6) 0 (0.0) 
1 (0.6) 0 (0.0) 
1 (0.6) 0 (0.0) 
1 (0.6) 0 (0.0) 
1 (0.6) 0 (0.0) 
0 (0.0) 0 (0.0) 
l (0.6) 0 (0.0) 
1 (0.6) 0 (0.0) 
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PO DILIIM PBO 
N • 61 

All Auacialed 

3 (4.1) 2 (3.3) 

2 (3.3) 2 (3.3) 
0 (0.0) 0 (O_.O) 

1 (l.6) 0 (0.0) 

2 ('3.3) 0 (0.0) 
1 (1.6) 0 (0.0) 
0 (0.0) 0 (0.0) 
0 (0.0) 0 (0.0) 
0 (0.0) 0 (0.0) 

l (l.6) 0 (0.0) 
0 (0.0) 0 (0.0) 
0 (0.0) 0 (0.0) 
0 (0.0) 0 (0.0) 

0 (0,0) 0 (0.0) 

0 (0.0) 0 (0.0) 
0 (0.0) 0 (0.0) 
0 (0.0) 0 (0.0) 
0 (0.0) 0 (0.0) 
0 (0.0) 0 (0.0) 
1 (l.6) 0 (0.0) 
0 (0.0) 0 (0.0) 
0 (0.0) 0 (0.0) 
1 (1.6) 0 (0.0) 
2 (3,,) 0 (0.0) 
2 (3.3) 0 (0.0) 
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Study 982·14: An Open-Label Study of the Tolerance and Safety 
of IM Foaphenytoln Given aa a Single Loading Dose Followed by a 
Maintenance Regimen For Up To 2 Weeks 

Investigators 

1 Boucher Memphis, TN 30 
5 Matsuo Salt Lake City, UT 5 
6 Michie Cape Coral, FL 20 
7 Dean Winston-Salem, NC 30 
8 Ramsay Miami, FL 2 
9 Smith St.Louis, MO ll 

Total 118 

A. Study Design 

The study was intended to be a safety study. The projected enrollment 
was 150 patients. 

Patients were to be candidates for neurosurgery or patients who had 
already undergone neurosurgery. Open-label treatment was to consist of a 
single loading dose followed by maintenance dosing for at least 3 days and 
for a maxin•um of 7 days (changed by amendment to 14 days). Patients 
were to return 2·4 days after the last injection for follow-up exams and 
proct.Jdures. A subset of patients at a single sit~ (n=10) were to have PK 
determinations performed at various timepoints following injections. 

Inclusion/exclusion criteria dictated that patients be 12 years of age or 
older. Pts were not to be have terminal illnesses or other llfe-
threat~n ing diseases. 

To be excluded were pts with hypotension, bradycardia, and A-V block. 
Pts were excluded if they took any AED except benzodiazepines within 1 
week prior to screen. 

No medications were specifically excluded during the study. Any IV 
medications other than the study medication were to be administered at a 
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site different from that used for study drug. 

By protocol the study drug could be administered either QD or BID as 
deemed appropriate by the investigator to achieve therapeutic 
concentrations of at least 10 .. 20 microgms/mL. A protocol amendment 
required QD dosing only. Page 7 of the protocol Implies that the loading 
dose would be 8-12 mg/kg PE. 

The dosing administration could be divided and given in separate locations 
on the buttock. 

During the treatment period, a trough blood phenytoin was to be drawn 
each day, prior to the patient receiving the first daily dose of study 
medication. 

B. Subject Dlapoattlon and Baseline Comparison 

The study was conducted between July 1991 and April 1992. 

The study population included 78 mates and 40 females, 93 whites and 25 
blacks. The mean age was 48 years. 

The pts were seriously ill neurosurgery pts who were victims of trauma 
to the head or other neurological emergencies, the most common of which 
were motor vehicle accidents and gunshot wounds. Over 1/5 pts were 
unconscious when they entered the study, and over 1/2 pts had a level of 
consciousness that was lethargic or worse. 

110 pts completed treatment. 80 pts completed the follow-up 
assessments. 8 pts withdrew, 6 for admin reasons and 2 for A Es. 

118 patients were given a loading dose between 8·21.6 mg/kg PE. 
Maintenance doses ranged from 1. 7-17 .2 mg/kg. Maintenance doses were 
given either OD or BID. 64 pts received OD doses, 45 pts received BID 
doses, and 9 pts received both OD and BID doses. 

While the maximum treatment duration was extended by protocol 
amendment from 7 days to 14 days, only 5 pts received treatment for 8 
days or greater. 
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C. Results 

Eight pts withdrew from the study, 2 for administrative reasons and 6 
because of AEs. Only 1/6 experienced an event that was considered drug 
related, an erythematous rash. At the follow-up visit, most of the rash 
had resolved. 

Four pts who withdrew from the study died. Three other pts died after 
completing the study. 

At any one timepoint, a maximum of 3 pts experienced mild Irritation at 
the injection sitt>. 

Note that the AE data was grouped across the entire study and was not 
separated according to loading vs maintenance dosing. Altogether, 75°/o of 
pts reported AEs: only 8°/o of pts overall had AEs that were considered 
associated with study drug. The most frequent A Es were fever, 
somnolence, and nystagmus. 5% of pts experienced at least one seizure 
during open-label treatment; without a comparative treatmen·i group, it is 
hard to interpret this finding. 

Ten pts experienced serious AEs, but none of these were considered 
associated with study drug. 

Changes from baseline in laboratory parameters occurred not infrequently 
during this study. However, given the population of seriously ill trauma 
patients requiring neurosurgery, no inferences can be made from the lab 
data. 

For each patient studied, the mean trough phenytoin concentration for the 
study duration was > 10. Recall that daily trough concentrations were 
measured and doses adjusted to keep the daily levels > 1 o. 

D. Conclualona 

In a seriously ill neurosurgical population, the sponsor has demonstrated 
that plasma levels of phenytoln > 1 O can be achieved and maintained. No 
safety concerns obviously related to Fas arose during tha conduct of the 
study, but the ntitural tendency in this population ls to attribute all A Es to 



the underlying condition or the treatment of the underlying condition. Mild 
to moderate AEs will be overshadowed by more serious AEs In this 
population. 

No efficacy data arises from this study. The occurrence of seizures in 
some patients despite plasma level& of phenytoin > 10 was documented, 
but is not surprising given the severity of the •Jnderlylng conditions. 
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Study 982·15: A Study of the Tolerance and Safety of IV 
Foaphenytoin Given ae a Single Loading Doae Followed by a 
Maintenance Regimen For Up To 2 Weeks 

lnveatlgatora 

1 Passini Charlotte 4 
2 Gallagher Augu~1:a, GA 1 
3 Boucher/Feler Memphis, TN 27 
4 Dean Winaton·Salem 6 
5 Kramer Englewood, CO 10 
6 Michie/Tipton Cape Coral, FL 15 
7 Newmark Houston, TX 6 
8 Schmitz/Young Lexington, KY 12 
9 Miller/Parks Jackson, MS 10 
10 Smith St. Louis, MO 2.5 

Total 11 e 

A. Study Design 

This was a double-blind, parallel-group, active control trial In patients 
requiring a loading dose of phenytoin to prevent or control seizures. Pts 
who met the inclusion/exclusion criteria were randomized in a 1 :3 ratio 
to receive either parenteral Dilantin or Fosphenytoin. 

The objectives of the study were 1) to evaluate the safety and tolerance 
of multiple IV doses of Fas for seizure prophylaxis in neurosurgery 
patients and 2) to obtain descriptive PK data for Fos in this patient 
population. 

The study had 3 phases: 
1 . Screening phase 
2. Treatment phase, Days 1·14 
3. Follow-up phase for 2-4 days following the last IV dose 

The treatment phase included a loading dose on Day 1 followed by daily IV 
maintenance infusions. HAt the preatudy investigators meeting, the 
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minimum exposure requirement was defined as 72 hours, i.e. a loading 
dose followed by 2 days of maintenance dosing." 

Pts at Center 5 had serial blood samples drawn over a 24 hour period 
beginning on the day of loading dose to determine total and free phenytoln 
concentrations In plasma. 

Inclusion/exclusion criteria required that pts be 12 years of age or older. 
Patients were to require neurosurgery or were to have undergone 
neurosurgery. Pts were to be scheduled for neurosurgery within 14 days 
of entry into double-blind treatment. 

To be excluded were pts with hypotension, bradycardia, and A·V block. 
Pts vvere excluded If they took any AED except benzodiazepines within 1 
week prior to screen. 

No medications were specifically excluded during the study. Any IV 
medications other than the study medication were to be administered at a 
site different from that used for study drug by using a second IV line. 

By protocol, study drug could not be administered at rates greater than 50 
mg/mii 1 either for loading or maintenance. The study drug could be 
administered either OD or BID as deemed appropriate by the Investigator. 

B. Subject Disposition and Baseline Comparison 

The study was conducted between July 1992 and February 1993. 

In general, patients were seriously ill neurosurgery patients who were 
suffering from head trauma or other neurological emergencies. With rare 
exceptions, patients underwent neurosurgical procedures on Study Day 1. 

88 pts received IV Fos while 28 pts received IV Dllantln. The loading dose 
of Fos was given as a total dose between 7.3·22.4 mg/kg PE at infusion 
rates between 14-51 mg/min PE. Dilantln was given as a total dose 
between 7.8·19.8 mg/kg at infusion rates between 21·51 mg/min. 

Maintenance doses of Fos were given as total doses of 1.2-23 mg/kg PE at 
infusion rates between 3. 1-62.1 mg/min PE. Maintenance Dilantin was 
given as total doses of 1.3· 18.4 mg/kg at Infusion rates between 5.1-50 



mg/min. 

No patients received concurrent antlepileptlc drugs during the screening 
phase of the study. Thus, patients should not have had baseline levels of 
phenytoin or any other AEO. During the treatment phase, 4 pts received 
phenytoin in an unblinded fashion (3 Foe, 1 Dtlantfn), 3 pta received 
diazepam, and 2 pta received lorazapam. 

Concurrent mads, other than AEDa, ware In large part dictated by the 
individual's neurosurgery status. 108 pta aotuaUy had surgery during the 
study. 27/108 had surgery before beginning treatment with study drug. 
79/108 had neurosurgery during the study. 2/108 had surgery after 
completing the study. Thus, 44% of pts were taking CNS agents at screen 
and this increased to 96°/o during double·bllnd treatment. The most 
common CNS agents were acetaminophen, fentanyl, codeine, and morphine. 

To further complicate all this, we are told that 1m11t numbers of pts 
received BID maintenance dosing instead of QO, whlle 1imllarly small 
numbers of pts received maintenance dosing as OD medication some days 
and BID medication other days. 

14 pts withdrew from the study, 4 because of A Es and 1 O for 
administrative reasons. Only 4 pts in each treatment group were treated 
for more than 7 days. 

C. Reaulta 

Because the loading dose of Fos was not given at the bioequivalent rate of 
administration. this study cannot provide comparable safety data between 
an IV loading dose of Fos and an IV loading dose of Ollantin. 

Comparable safety data between IV maintenance regtmena of IV Fos and IV 
Dilantin is provided. One death occurred in each treatment group, 
unrelated to the treatment itself. One 11rlou1 AE occurred In the Fos 
group and 2 serious AEs occurred in the Dllantln group: none were deemed 
related to the underlying treatment. Among AEs deemed associated with 
treatment, there was only 1 severe AE and this occurred In the Fos group: 
severe ataxia. 

Among a listing of all AEs, the obvious diacrepanclea between treatment 



groups occur for injection site reaction, lnjectton site pain, and prurltua. 
The trend is for more local reactions with Ollantln and more generalized 
pruritua with Fos. 

Seizures were so rare in both treatment groups that no meaningful 
statement about the anticonvulsant properties of either treatment can be 
made. 

The sponsor (p 49 of the study report) presents changes in vital sign data 
between screening and 2 hours post loading dose for the 2 treatment 
groups. There are no obvious differences between treatment gr-;>ups. 

Changes seen In laboratory parameters during the study were felt to be 
~ost consistent with the population being studied, i.e. Ill neurosurgery 
patients. 

PK data was also accrued which demonstrates roughly equivalent trough 
levels of phenytoln with both the IV Fos and IV Dllantin regimens. During 
treatment, dose was adjusted by the Investigators based on plasma 
phenytoin monitoring. The extrapolation of this might be that IV Foa can 
be used to achieve and maintain therapeutic plasma phenytoln 
concentrations while monitoring trough plasma phenytoln levels. 

On page 65 of the study report, the sponsor summarizes changes in rates 
of infusion. Presumably, these changes pertain primarily to the loading 
doses administered. 17°/o of Fos pts and 36°/o of Ollantln pta required 
decreases In rates. Note, however, that the bloequlvalent rate of Fos 
administration for IV loading was not given. Thus, a comparison of 
proportions of pts requtring dose reductions under the conditions of 
bioequivalence might have resulted in very different results. 

The same problem In comparing groups arises when comparing groups for 
dose reductions due to injection site burning and Itching. 5°/o of Fos pts 
required this while 180/o of Dilantin pts required this. 
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Fosphenytoin Sodium 
Injection .. TABLB 16. Most Frequent Adverse Bvenu With IV Admini&tratlon 

to Neurosursical Patients (Study 982-015) 
[Number (Cl) of Patients] 

BODYSYmM/ Focpb111ytom DUullD 
Advent Evtat N•ll N • 21 

NERVOUS 
Ny1&a1mua 12 (13.6) 4 (14.3) 

Neuropatby ·' (10.l) 4 (14.3) 
Reflex• lacrMNCI 7 (1.0) 0 (0.0) 
Dlzzln111 6 (6.1) ' (10.7) 
Somnolence 6 (6.1) 3 (10.7) 
Speech Disorder 5 (5.7) (3.6) 

BODY AS A WHOLE 
Fever 1l (12.5) 6 (21.4) 

Fact Edema 7 (1.0) 4 (14.3) 
lnjcction·Site Reaction - 6 (6.1) 5 (1'7.9) 
lnfec1ioa 6 (6.1) 2 (1. I) 

DIGESTIVE 
Con11ip11ion ll (12.J) 3 (10. 7) 
NtUIU 9 (10.2) 4 (14.3) 
Vomitins 6 (6.1) 5 ( 17.9) 

CARDIOVASCULAR 
Tachycardia 7 (8.0) 2 (7.1) 

Hypo11n1ion 6 (6.1) l (1.1) 

SKIN AND APPENDAGES 
Pniri1u1 ,--- s (5.7) 0 (0.0) 

SURGERIES/PROCEDURES 
Sur1eri11/Prnctdur11 9 (10.2) 3 ( 10. 7) 

RESPIRA. TORY 
Pneumonia 6 (6.1) 6 (lL•> 

UROOENIT AL 
Urinary R111nlion 7 (1.0) 3 (10.7) 

MUSCULOSKELETAL 
Myaa&henia 7 (1.0) (7. I) 

MET AIOLIC AND Nlf1'RITION4L 

1lt 
Hypokalemia I (9.1) 2 (7. I) 
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Study 982·18: An Open-Label Safety and Tolerance Study of a 
Single IV Loading Doae of Foaphenytoln In Statue Eplleptlcua 

I nveatlg1t ~'r• 

1 Alldredge/Gelb San Francisco 3 
2 Allen/Runge Charlotte, NC 18 
4 Dean Winston-Salem, NC 2 
5 Turnbull et al Chicago, IL 6 
e Kriel/Langandorf Minneapolis 3 
7 Lai/Allen Kansas City, KS 0 
8 Maria/Legarda Gainesville, FL 9 
9 Matsuo et al Salt Lake City, UT 9 
10 Parks/Carlton Jackson, MS 1 
1 1 Pellock Richmond, VA 1 
12 Unwin/Leroy Dallas, TX 0 
13 Uthman/Wilder Gainesville, FL 2. 

Total 54 

A. Study Dealgn 

This was an open-label, single dose study in status epllep!icus. 

The objectives of the study were to 1) establish the safety of two rates 
of IV Fos In pts with status and 2) obtain descriptive PK data. 

By protocol, the first 1 O patients would receive Foa up to a maximum rate 
of 100 mg PE/min. If that was well tolerated, subsequent patients would 
receive rates up to a maximum of 150 mg/min. On Feb 10, 1993. data 
from 14 patients who received Foe at 100 mg/min PE were reviewed by 
Parke-Davis In consultation with a panel of noncompany neurologists. The 
panel unanimously recommended that the rate of Fos administration could 
be Increased to 150 mg/min PE as provided In the protocol. 

Status was defined as 2 or more consecutive seizures without regaining 
consciousness or a single seizure of at leaa~ 10 minutes duration; 
patients with partial 1tatus or absence status were excluded. 
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Inclusion/exclusion criteria required that pts be 5 years of age or older. 
There ware no restrictions on AED use prior to study entry. Likewise, 
there were no restrictions on concur~ent medication to treat the episode 
of status. 

The protocol required that "if two IV lines are available, study medication 
should be administered through one line and all other medications through 
the other. If only one line is available, it Is important to clear the IV line 
with normal saline between the administration of other medications and 
study drug." 

During administration, vital signs were to be recorded every 5 minutes. 
Continuous ECG recording was to be performed during infusion. If systolic 
blood pressure droppea by 20 mmHg, the investigator could stow the 
infusion r·ate. If the absolute SBP dropped below 70, the investigator was 
to stop the infusion: once the BP returned to an acceptable level, the 
infusion could be restarted at 50% the original rate. 

The goal of the study was to enroll between 20-100 pts between July and 
December 1992. 

B. Subject Dlapoaltlon and Baaellne Comparleon 

54 patients were enrolled at 1 O centers by September 1, 1994. There 
were 32 males and 22 females, 23 whites and 23 blacks. The mean age 
was 39 years of age with a range of 15 years to 75 years. 

26°/o of patients h~d status precipitated by AED withdrawal or 
noncompliance (I.e. had the potential to have low, but measurable levels of 
phenytoin already present prior to IV loading). The sponsor notes that 
only 43 pts had usable plasma drug-concentration data; of these, 16 had 
measurable phenytoln concentrations prior to Fos infusion. The mean level 
for these pts was 6 with a range from 0.12 up to 15. 

Six pts (11°/o) had partial status or absence status in violation of the 
protocol. The other patients all had generalized status, either primary 
generalized or secondarily generalized. 

In 42/54 (78°/o) of pts, benzodlazeplnes were given prior to administration 
of Fos. 



35 patients received loading doses at rates of 100 mg/min. (Recall that 
150 mg/min is the rate considered bioequivalent to standard Dilantin 
loading doses). 18 pts received loading doses at rates > 150 mg/min. 

All but 4 pts received total loading doses of 1 O mg/kg or greater. 

c. Results 

Unfortunately, safety data Is presented for the entire group of 
54 patients; It would be helpful to see a review of adverse 
events only for the 12 patients who were dosed as per the 
proposed labeling. On page 36 of the study report, the sponsor presents 
a brief review entitled 11Adverse Events by Rate of Administration." Here 
the sponsor states that the 5 most frequent AEs appeared to occur at 
similar frequencies for pts at faster rates (41 o/o) compared with slower 
rates (45°/o). In this section, the sponsor does not address the fact that 
the post hoc separation of pts into high rate/low rate groups does not 
control for baseline levels of AEDs, especially phenytoin. 

No patients withdrew for AEs. 3 patients died after completing the study 
but all were considered unrelated to Fos. The 8 most frequent adverse 
events were nystagmus, ataxia, headache, agitation, dysarthria, 
somnolence, vomiting, and pruritus. 

Of note in safety data accrued after the cutoff date for this report is the 
occurrence of two cases of P'JStictal psychosis, both beginning 3 days 
after status was treated with Fos. One patient had a previous, less severe 
case of psychosis after status; the other patient had not experienced 
previous post-lctal psychosis. A sensation of itchiness followed the 
psychosis in one patients. 

60°/o of patients had a > 20 mm Hg drop in systolic blood pressure; only 4°/o 
had a symptomatic drop in SBP. The sponsor states that, "While the 
magnitude of decreases in blood pressure were substantial in some 
patients, no changes in infusion rate or interventions (eg, Trendelenburg 
positioning, :v fluids, or medications) were required to treat any 
hypotensive symptoms." 



Status continued beyond 30 minutes post infusion of Fo& in only 3 
patients. 2 of these had other explanations besides lack of efficacy i.e. 
subdural and anoxic brain insult post CPR. Patient 8, Center 9 had a 
gradual decline In seizures over 45 minutes. The Infusion rate 
for this patient was 90 mg/min PE; no plasma levels are 
available for this patient during the first 20 minutes of 
treatment raising the question whether a faster Infusion rate 
would have been more effective. 
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Study 982-21: A Single-Dose Study of the Tolerance and Safety 
of IV Fosphenytoln 

In veatl g ato ra 

1 Wilder Florida 21 
2 Fischer Illinois 23 
3 So Minnesota a 

Total 52 

A. Study Design 

This was a double-blind, parallel-group, active control trial in patients 
requiring a loading dose of phenytoin to prevent or control seizures. Pts 
who met the inclusion/exclusion criteria were randomized in a 1 :3 ratio 
to receive either parenteral Dilantin or Fosphenytoin. 

Inclusion/exclusion criteria required that pts be 12 years of age or older 
and require a loading dose of phenytoin. Pts whose condition was serious 
or life-threatening were not considered appropriate candidates for the 
study. In particular, patients in status epilepticus were excluded. 
Neurosurgery patients who required acute treatment were also excluded. 

The inclusion criteria required that patients be able to evaluate the extent 
of pain, burning and itching experienced as a result of the infusion. 

The anticipated enrollment was 60 patients, 20 from each of 3 centers. 

During the infusion, vital signs were to be recorded every 5 minutes and 
ECG was to be monitored continuously. After the infusion, vital signs 
were to be recorded every 15 minutes for 2 hours. 

The rate of infusion was not to exceed 50 mg/min PE. By protocol, the 
investigator was to consider slowing the rate if SBP dropped by 20 mmHg 
or greater. If SBP dropped to an absolute of 70mmHg. the lr1fusion was to 
be stopped; once SBP was acceptable, the infusion could be restarted at 
half the previous rate. 



By protocol amendment, the maximum rate was increased to 1 OOmg/min 
PE for Fos patients. 

B. Subject Disposition and Baseline Comparison 

39 pts received IV Fos while 13 pts received IV Dilantin. 

The majority of pts required a loading dose because of new onset seizures 
or because their baseline phenytoin levels had dropped below the 
therapeutic range .qLie to noncompliance or prescribed dosage change. 

Fas was given as a total dose between 480n1500 mg/kg PE at infusion 
rates between 40·103 mg/min PE. Dilantin was given as a total dose 
between 290-1000 mg/kg at infusion rates between 20-51 mg/min. 

Because of the design of the study, a true comparison between randomized 
groups cannot be made. In addition to the variable of interest, Dilantin vs 
Fos, there were 4 additional variables that were not adequately 
controlled, to include: 

1. total dose in PE 
2. infusion rate (recall that the bioequivalent infusion rate for Fos 

is 3 X faster in PE than the rate for Dllantin) 
3. presence or absence of measurable baseline levels of phenytoin 
4. when present, the actual values for baseline phenytoin levels 

10/13 Dilantin pts (77°/o) received 800-1000 mg PE while 23/39 Fos pts 
(50°/o) received 800-1000 mg PE or greater. The rate was about 50 
mg/min PE for Dilantin, but only 18/39 (50°/o) of Fos pts received 100 
mg/min or greater (100-150 mg/min is the bioequivalent rate when based 
on free phenytoin levels). 

Therefore, at this point, the question would be, of the 23 pts who received 
800 mg PE or greater, what percent of these received a rate of 100 
mg/min or greater. One might guess that only 10· 12 Fos pts are available 
to compare to the 10-12 Dilantin pts (certainly not randomized groups at 
this point); we have not even introduced the additional variable of 
background phenytoin levels at baseline. 

To further complicate all this, we are told that 7/39 Fos pts (18°/o) 



required changes in rate compared with 6/13 Dilantin pts (46°/o). The 
reason for the rate changes are as follows: 

Fos 
Hypotension 2 
Generalized burning or Itching 4 
Infusion pump problem 1 

Dilantin 
Hypotension 1 
Localized pain or burning at inj. site 5 

C. Results 

There were no deaths in either treatment group. Three withdrawals 
occurred, all in the Dilantin group. There was 1 withdrawal for AE; there 
were 2 withdrawals for "lost-to·f/u." No AEs in either treatment group 
were rated "serious." 

Because of the multiple variables discussed above, any comparison 
between groups with regard to A Es is really inappropriate. Su ff ice it to 
say that the pattern of AEs seen in the Fos group raised only one unusual 
concern, the occurrence of pruritus in 30°/o of Fos pts vs 0°/o of Dilantin pts. 

Looking only at Fos pts who received a total of 1000 mg PE at rates of 100 
mg/min PE or greater, I identified 15 Fos pts in the category. Of these 
"high-dose, high-rate" pts, 3/15 or 1/5 had a rate change during the 
infusion because of an AE. One pt had hypotension, 1 had itching, and 1 had 
burning. 

D. Cllnlcal Laba 

No clinically important differences are noted between groups and no clear 
trends toward abnormal values are evident. 

E. Vital Signs 
. 

The sponsor's discussion of vital signs seems flawed since they have 
chosen tr r:ompare baseline to the 2-hour visit. (See Sponsor's Tables 20 
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and 21.) In fact, the vitals of interest are those at 5, 15, and perhaps 30 
minutes. 

Sponsor's Table 22 shows the incidence of decreases in systolic BP > 20 
mm Hg: 7 Fos pts (18°/o) and 4 Dilantin pts (31 °lo). However, the 
percentages are misleading because the true denominators for comparison 
are obscured by variable rates, total doses, and baseline phenytoln levels. 

2 pts on Fos and 1 on Dilantin required rate changes due to hypotension. 
One of these Fos pts had a 26mmHg drop in SBP without symptoms. The 
other Fos pt had an 18mmHg drop with severe dizzlness and moderate 
varUgo. The Dllantin pt had a 22mmHg drop with mild vertigo. 

F. Infusion Sites 

At the follow-up exam, investigators classified the overall appearance of 
the infusion sites. The majority of pts in both treatment gr1Jups tolerated 
the infusions, with no differences between groups noted. 

Immediately after the infusion, 50% of Dilantin pts reported some pain 
and 83°/o reported some burning. By comparison, 2.6°/o of Fos pts reported 
some pain and 10°/o reported some burning. Except for 2 Fos pts who 
reporter "ain 2 hours after the infusion, both pain and burning had 
resolved tor all pts in each treatment group by the end of double-blind 
treatment. 

Investigators rated erythema, swelling, tenderness, necrosis, and bruising 
on a 4 point scale. Essentially no differences between treatment groups 
emerged. 

F. Conclualona 

Because thG 2 drugs were mixed and administered the same way during 
this trial, nothing was learned about relative ease-of-use. 

Rates were faster for Fos on average, but the sponsor' a discussion avoids 
the issue that where rate is important, Fas must be given faster than it 
was in this study and may, under those conditions of use, be associated 



with more AEs (both local and systemic) than were seen here. Rate is not 
important for maintenance loading and, in that clinical situation, the 
ability to administer a drug faster may not necessarily be an advantage. 

This study provides some safety information in support of a subacute IV 
loading dose of Fos in non .. emergent situations where the physician 
wishes to achieve therapeutic levels of phenytoin more rapidly than could 
be achieved by the oral route. Any comparison between the Fos loading and 
Dilantin loading was obscured by the study design as discussed above. 



TABLB 15. Most Frequent Adverse Bvents With IV Administration to 
Patients With Bpllepsy (Study 982-021) 

[Number ( S) of Patients] 
BODY SYSTEM/ Fospbcnytoin DiJIDtia 

Advcne Eveac N • 39 N • 13 
NERVOUS 

Nystqmua 11 (46.2) s (31.5) 

Dizzineu 10 (25.6) 5 (31.5) 

Ataxia 7 (17.9) 2 (15.4) 

Vertiao 4 (10.3) 3 (23.1) 

Puosthesia - 4 (J0.3) 0 (0.0) 
Tremor ....... 3 (7.7) 0 (0.0) 
Neuropathy - 3 (7. 7) 0 (0.0) 
Somnolence 2 (S.1) I (7.7) 

Speech Disorder 2 (S. I) 2 (15.4) 

BODY AS A WHOLE 
Headache 7 (17.9) I (7.7) 

Pain s (12.8) l (7.7) 
Reaction Unevaluablc 4 (10.3) I (7.7) 

Chills 2 (5.1) 0 (0.0) 
Chest Pain 2 (5.1) 0 (0,0) 

CARDIOVASCULAR 
Hypoteosioo 3 (7.7) (7.7) 

SKIN AND APPENDAGES 
Prurirus ~ 12 (30.8) 0 (0.0) 

SPECIAL SENSES 
Amblyopi1 4 ( 10.3) 3 (23.1) 
Ear Disorder 2 (S.l) 0 (0.0) 
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Study 982-22: An Open-Label Study of the Safety and Tolerance 
of an IM Loading Dose of Fosphenytoln 

Total 

1 
2 
3 
4 
5 

Investigators 

Leppik 
Barkley 
Ramsay 
Wilder 
Garnett/Pellock 

Minneapolis, MN 
Detroit, Ml 
Miami, FL 
Gainesville, FL 
Richmond, VA 

A. Study Design 

5 
6 
28 
14 
z 
60 

The study was intended to be a safety study. The projected enrollment 
was 60 patients. 

Patients were to require a loading dose of phenytoin for the treatment or 
prophylaxis of seizures. Open-label treatment was to consist of a single 
loading dose, minimum 1 O mg/kg PE. This was followed by a 3-hour 
observation period. Patients were to return in 2-7 days for follow-up 
exams and procedures. 

Inclusion/exclusion criteria dictated that patients be 12 years of age or 
older. Pts were not to be in serious or life-threatening condition. This 
excluded patients in status epilepticus from the study. 

Not excluded were pts already being treated with phenytoin. Prior 
phenytoin usage was to be assessed when determining dosing 
requirements. If that information was unavailable, the Investigator was 
to use clinical judgment to decide on a dose. 

The dosing administration could be divided and given in separate locations 
on the buttock. 



B. Subject Disposition and Baaallne Comparlaon 

The study was conducted between August 1992 and February 1993. 

60 patients (34 male, 26 female) entered the study. 57 completed all the 
follow-up assessments. 32 pta were white; 24 were black; 1 was Asian. 
The mean age was 43 years with a range 16·80 years. 

The reasons for loading dose were as follows: 
Noncompliance 1 1 
First treatment with phenytoin .1 8 
Decreased phenytoin level (unknown reason) 1 3 
Decreased phenytoin level (prescribed dose reduction) 9 
Other reason 9 

Therefore, IM loading in the face of absent plasma phenytoin occurred in 
about 27 patients. The other 33 patients had the potential to have low but 
measurable levels of phenytoin and might therefore have received 
downward adjusted doses (based on the clinical judgment of the 
investigator). AEDs taken within 3 days of study entry included phenytoin 
in 27 patients. Only 23 patients took no AEDs within 3 days of study 
entry. 

A review of concurrent AEDs taken from day of Fos loading to follow-up 
follows: 

None , 0 
Phenytoin 47 
Carbamazepine 10 
VPA 1 0 
Loratepam 5 
Phenobarbital 2 
Clorazepate 2 
Methsuximide 1 
Acetazolamide 1 

This list reminds us that the follow .. up assessments done after the day of 
Fos dosing will be obscured by the use of these other drugs and, in fact, 
might be more representative of these AEDs than the Fos itself. 

The doses of Fos ranged from 350 to 1500mg (3.6 to 20.2 mg/kg) PE. 22 

' , ,. 



patients received a loading dose of 12 mg/kg or greater. An additional 25 
pts received a loading dose between 10-12 mg/kg. The actual doses were 
between a gram and 1600 mg for 16 pts: 20 pt& received between 800 to 
1000 mg. Note that the 12 pts who received tees than 1 O mg/kg of Fos 
were actually in violation of the protocol requirement that pta receive at 
least 10 mg/kg. 

Doses were given as a single injection for 28 pts. 28 pts had their doaes 
divided into 2 injections. 4 pts received 3-4 injections. 

C. Reeulta 

No patient died during the study. Withdrawals in the true sense of the 
word could r!ot occur since the Fos was given as a loading dose. 

Only one patient experienced serious AEs: arrhythmia, nauropathy, stupor, 
and tachycardia. This was also the only pt who experienced AEs that were 
graded severe in intensity. He was a 74 year old man with a history of a 
stroke with complex partial seizures. He received IM Fos on Day 1 . On Day 
4, he experienced an irregular pulse, deterioration in neurological status, 
stuporous condition, and tachycardia. None of these were considerttd 
related to study medication by the Investigator. The pt had not yet 
recovered from these AEs by the end of the study. 

66°/o of pts experienced some AEs. Most of these were considered 
associated with use of Fos. Almost alt these AEs were considered mild in 
intensity. 

Nystagmus was the most common AE, occurring in 470/o of pts. Dizziness 
and ataxia occurred in 17°/o and 13o/o of pts respectively. 

Evaluation of injection sites revealed that only 3 pts had mild injection 
site irritation 3 hours after IM dosing. 4 pts had mild irritation 2· 7 days 
later at the follow-up visit. Only 1 pt had mild irritation at both time 
points. The sponsor states that no relationship was found between the 
dose or the number of injections and the tendency toward this mild 
irritation. 



D. Conclualona 

This study demonstrated no drug-related serious AEs, either systemically 
or locally at the injection site~ when Fos was given IM Rt relatively high 
doses. 47 pts received 10 mg/kg or greater. However, only 28 pts 
received the entire loading dose at a single injection site and some of 
these may have received leas than 10 mg/kg. Because of this last point, 
this study would probably bsat support the safety of IM Fos at comparable 
doses with the total dose divided and given at two separate Injection 
sltiilS. 

Note that patients who required an emergent loading dose of phenytotn 
were excluded from this study. In particular, pts with status were 
excluded. Thus, this study would not support the efficacy of IM Fos in 
emergent situations. Likewise, there is no data that I am aw1re of to 
support use of IM Fos loading over PO Fos loading. In fact, IM Foa loading 
would probably only have a role in non-emergent settings where patients 
could not tolerate PO feedings. Thia nlight occur In patients chronically 
treated with AEDs (especially phenytoln) who develop transient 
gastrointestinal Illnesses that preclude continued oral medication and 
result in dropping plasma AED levels. 

At a minimum, although this study was designed to support the safety of 
IM loading, the data from this study can be used to support the safety of 
IM maintenance dosing. That is, if the higher doses given in this study 
were tolerated, the lower doses necessary for IM maintenance dosing 
should have a wider safety margin. 

t 1 A 
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Anttconvulsant; prodrug for phenytoin. 

S Uflllll r.l: 

It was pointed out fn our team meeting for thfs new drug that the t~ vivo 
hydrol~sfs o ·9653 occurs tn 2 steps. producing one mo1e of formaidenyde 
for each mole of prodrug. In the fnftfal clinical Phase I trial. the top dose 
of 2250 mg would produce 5.5 nrnoles of HCHO. The possible hazard from thf s 
burden will be discus,ed from several different vetwrotnts below. All 
calculations are gross approximations, based on available information. 

1. OSHA has adopted a pdrmfssible exposure leve1 for toxic effects of 
formaldehyde other than cancer of 3 ppm as an 8 hour time weighted 
average, anu 10 ppm maximum peak concentration for 30 minutes in an 8 
hour period (Third Annual Report on Carcfnogens. USDHHS Public Health 
Service. September, 19831 page 73). It ha' been repgrted that workers 
exposed to formaldehyde at i concentration of 7 mg/nr' developed blood 
levels of 0.6 - 4.0 mg.11. The duration of exposure was not given 
(J.Piotrowski. Exposure Tests for Organic Compaounds tn Industrial 
Toxicology, Gant Printfn~ Office. DC. 19771 p.122). (lm3

3
• 1000 1; wt. 

of air• 1.2~3 gms/1 at ooc + 760 mm Hg; therefore 7 mg/m • 7 
nig/l .~~3 kg • 5.4 mg(kg • 5.4 ppm 1r1 alrj 

Since 5.4 ppm of HCHO·~ a maximum of 4 mg/1 1n blood, the 10 ppm maximum 
al lowed by OSHA would 7 approximate iy 7 .4 mg HCH0/11ter or o.zs meg 
HCH0/1 fn blood. This figure should more or less repre,ent ~he maximal 
allowable blood level of HCHO accordfnJ to OSHA •. If we then assume that 
the 5.5 11111<>les of RtRO that are sp11t rom the prodrug all appear in the 
circulation (ave. volume 5 ltters) the concentration would be 33 mg/l or 
1.1 me /1 or a roximatel 4 fold hf her than the OSHA level allowed. 
owevar, s s • very-cru e es ma e s nee e a a are not rea y 

available for taking the time factor allowed under the OSHA limit into 
constderatton. 

2. There fs 1 great deal of 1nform1tfon fn the literature that ~uggest' that 
it fs formic ae1d that is repsonsible for the ocular toxicity and 
ac1do'f' seen fol•owing acute methanol pu~'onfng (methanol~ 
formaldehyde~ formate). This toxicfty would be of greater concern when 
dealing with a drug to be u~ed acutely than would potential 
carcfnogenfcity. Although a role for HCHO has not been clearly ruled 
out, experfme~ts in monkey1 1uggest that the resultant formate levels are 
of 1110re concern. 
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In a model fn rhesus monkeys for methanol ocular toxfcfty and metabolic 
acidosis, formate blood and CSF levels of 7 to 34 meg/1 were assocfated 
wtth optic disc edema, morphologf~al alterations in optic nerve and 
swelling of oli~odendroglfal cytoplasm (M1rtfn - Amat. Hayreh. Baumtach 
et al, Arch Ophthalmol •• YS. 1847-50, 1851·58, 1859-61; Hartin-Amat, 
e~.11., TAP. 45, 201-2oa:-tY78). Pretreat.,nt wft.h folate fncr1ased the 
metabolism of l'Ormate and decreased the toxfcfty (McMartin et al, JPET, 
201. 564-572 1 1S77). In the propo~:d clfnfcal trfal, ff we a~sume the 
!:'S" meq of HCHO goes to 5.5 meq of formate, wfth 1 blood concentration of 
1.1 meq/1, there ts a minimum of a 7•fold safet* factor before ocular 
toxicity occurred fn the monkey (wh•cn 1s thoug t to metabolize HCHO like 
the human). 

It has been reported that the mechanism for ocular toxfcfty caused by 
methanol fs the fnhfbftion of cytochrome oxfdase by formate (Nicholls. 
BBRC, 67, 610-616, 1975). Since cytochrome oxfdase actfvfty fs low fn 
white iitter, ft has been suggestea that tts actfvfty may be critical fn 
that tissue. The Ki values ·determined for formate tnhtbftton of 
c,rtachrome oxidase are 6etween 5 ana 3o m R'2(above reference pfus 
RarEin-Ariiit, Arch Ophthot., 95, 1847-50, ·1977). Based on this data, 
blood levels of formate of r:; m M would be somewhat lo~er then those 
e~ected to produce toxicit~. 

In dogs and cats administered 35 mg/kg (1.2 meq/kg) of formaldehyde by 
i.v. infusion, a blood HCHO concentration of 25 mg/1 (0.83 meq/1) was 
produced whfch declf"ed to about 1 mg/1 by 1 hour after the infusion. '4 
x as much HCHO was fn erythrocytes as fn plasma). The p,,~ plasma · 
concentration of formate, however, was 144 mg/l (3. 1 meq at the end of 
the fnfusiun, which declined with a Tl/2 of 1.5 hours. Toxicity was 
not addressed (G. Malorne; et al. Naunyn - Schmfedebergs A.E.P.P., 250, 
419-436, 1965). These data would suggest that peak levels of the --
p~ssibl~ more tox1c metabolite, formate, might be aeerox~mated as follows 
for top dose fn the clinical trial: 

5.5 meq of HCHO (155 mg) = 3 '!?~/kg fn a 50 kg person. If 35 mg/kg 
of t.v. HCHO ~144 mg/l of formate, 3 mg/kg or HCHO may result in 
eeak blood levels of formate of 12 mg or 0.26 meg/1. (This is 
assuming comparable relative 61ood 1ev1es to body weight in humans 
and animals. Actually. dogs may have slightly larger blood 
volume/kg of body weight than humans, so the est1mate for hum~ns ;~ 
possibly on the low side. The assumption for comparable metaboli~m 
ts also made). 

This ftgur-.1s considerably lower than the Ki for formate inhibftion of 
cytochrome oxfdase and it is about 25-30 fold lower than the lowe~t 
leve,s of formate a'soc1ated with ocular toxicity tn monkey~ (see numbers 
2 ano 3 above). If instead, we examine the blood HCHO concentration 
using these data. an 1.v. dc~e of prodrug that yteld~ 5.5 mmoles of HCHO 
(0.11 mmoles/kg) would be expected to result in a peak blood 
co~centratfon of HCHO of 0.08 mmo1es/1iter, or 1/3 of the max;mal 
allowable HCHO exposure according to OSRA. 

Evaluation and Reconnendations: 

The above approx1mat1ons are ~xtremely crude, but thvy do provide some data 
for evaluating the risk involved from a drug which wf 11 be used acutely that 
is metabolized to pr~duce a mole of formalaeh1de for every mole of drug. 



• ... ,.,, lftU 

Based on OSHA limits for exposure to formaldehyde, the guestimate is that the 
top dose of prodrug planned f" the rising dose trial (2250 mg) would resu1t in 
anywhere from 1/3 of'it>Ytfmes the maximal allowable blood level of 
formalaehyde. If we· assu~ that formate is responsible for the expected acute 
toxfcty (occular and acidosis), there may be anywhere between a 7 f~ld and a 
30 fold safety factor, based on toxicity observed 1n monkey1 and blood levels 
of formate measured after 1.v. administration ~f HCHO to dogs. If we believe 
that formate toxtctty occurs through cytochrome oxfdase fnhfbition, there is 
at least a small margin of safety based on the Kf. 

In any case, ft is a close r.111, and there are a couple of precautions that 
might be considered. Monitoring of blood formic acid, blood pH, bicarbonate 
a~d pCO, is reconmended. Since foltntc acid pretreatment hastens the 
elimination rate. a supplement of 2 mg. p.o., might be given the day before 
the trial. However. tf it ts considered that this ts an approprfate time to 
determine whether or not formate levels in blood are detectable (sfnce fn 
practice there would not be ttme to give folin.1.c acid) I would reconnend 
careful monitoring for formate levels at a l1 ·doses before proceeding to the 
next higher dose. SRD fs May 4. so sponsor should be phoned. 

cc: Orig .IND 
HFN-120 
HFN-120/JContrera/5/2/86 

/GFit2gerald 
rd/p Jdl 5/15/86 :ft/ 5/1~/86 
doc U47lf 

_J -ec,,.<-r- y'A.f;.-.~ '-'J! ,( 

Glenna G. Ff tzgerald /'I) !> r.. •.J. 
I 

121 



NOA: 

Sponsor: 

... 

Review and Evaluation of Pharmacology and Toxicology 

20-450 

Parke-Davis Pharmaceutical Research 
Ann Arbor, Ml 48105 

Drug: Cerebyx (fosphenytoin sodium) 

December 20, 1995 

Chemical Name: 5,5-<tiphenyt-3-{(phosphonooxy)methyt)-2,4-imidazolidlnedione disodium salt 

Molecular Formula: 

Code name(s): ACC-9653; Cl-982 

Structure: 

Mol. Wt.: 406.3 

Category: Parenteral antiepileptic; prodrug of phenytoin for use in status epilepticus and neurosurgery 

Related IND(s): 



... 
Table of Contents 

Page 

I. Pharmac,logy...................................................................................................... 3 

II. Pharmacokinetics... ..... . . ... . ....... ............. ..... . . ..... .. .... . .... ................................. ... . . . . 1 O 

Ill. Toxicology ................................................................................................... , .. ,..... 17 

IV. Special Toxicity.................................................................................................... 29 

V. Genetic Toxicity................................................................................................... 34 

Vl. Reproductive Toxicity........................................................................................... 37 

VII. Summary.............................................................................................................. 50 

VIII. Evaluation........................................... ....................... ................ ....... .................. 59 

IX. Recommendations................................................................................................ 65 

AJI pivotal toxicOlogy studies and all genetic and reproductive toxicity studies contain GLP statements. Studies 
were conducted by Parke-Davis, 

Drug lot numbers are given with thfl indlvldual 1tudies. 

2 



.... 
I. PHARMACODYNAMICS 

Anticonvu/sant Activity 

A) EFl~ECTS ON MES-INDUCED SEIZURES IN MICE (RR 740-02904, NOA Vol. 1.9). 

1. After Iv dosing with phenytoln (8 mg/kg) or fosphenytoln (11.9 mg/kg), no appreciable 
enttconwlsant actMty wu seen for either drug untll 10 min, when 50% (418) of phenytoin
treated mice were protected from tonic hlndllmb extension (THE) end 13% (1/8) of 
fosphenytoln-tntated mice were protected (Tab,e 1.1). 

2. Peak activity was reached for both compounds at 30 min when 63% (5/8) of phenytoln
treated and 88% of fosp~enytoln .. treated mice were protected (T1ble 1.1). In addition to 
reducing the Incidence of MEs-lnduced THE, phenytoin •nd fosphenytoln reduced seizure 
duration. 

3. When dose-response determlnatkma were made at 10 and 30 min (Table 1.2), both drugs 
exerted dose-dependent protection from MES-induced THE. The iv ED50 values (95% 
confidence llmita)were8.3 mg/kg (8.1-11.2) at 10 min and 8.6 mg/kg (5.1-8.0) at 30 ~In after 
dosing with phenytoin, compared to 10.8 mg/kg (8.-t.17.5) et 10 min and 6.8 mg/kg (6.1 .. 7.5) 
at 30 min after dosing with fosphenytain (dose' expressed aa phenytoln equivalents). Neither 
vehicle was active. Based on statistical comp1ri1on1 of the dose-responae curves and 
potency ratios, the anticonvulsant potencies of foaphenytoln and phen)'toln against MES
induced THE were not lignlflcantty different at either time poln~ although there were apparent 
differences In low dose activity and onset of action. 

4. The EOSO values for Iv phenytoln and fosphenytoln were In agreement with those reported 
in the literature for oral (9.0 and 12.8 mg/kg), ac (7.2 mg/kg), and Ip (9.5 mg/kg) 
administration of phenytoln to mice and for oral (11.8 mg/kg PE) and Ip (10.3 mg/kg PE) 
administration of the prodrug to mice. 

Table 1.1 11MB COURSB OP AN'11-CONVUUIVB AC'ItV11Y OP PBBNYTODl AND 
ACC·9653 IN MBS-JNI>UCBD 'l'BB-smztJRES IN MICB 

~ APl'BR INJBC110N 
PBBHYTOIN (I IDlfkl, IV) ACC-9653 (11.9 ma/kl, IV) 

' 10 30 60 120 5 10 30 60 120 
Pcrccac of mice 13 50 63 38 · 63 0 13 88 38 25 
proteced from 
THB-·.elmm 

Dutllioa of 10.s• 12.3 9.2• 9.2• 8.8 10.9 10.s 10.a 10.2• 9.4• 
'f'HB.llizures ± 1.0 ± 1.0 :t .2 :t 1.0 ± 2.0 :t .8 :t .9 :t ,9 :t .s 
(sec:onda) 

mpty mice were used In tbia amdr, ei&bt a& .m time poiDt witb each cku1. Duntkm 
values repruem tbe w :I: S.B. of TBB-IOizln dunDou ill Wipl(l4Nld ufmala. 
• IndD- a aipUlcu& cWf..,. from tho coa"Upowna1 value a& die w dme point IA 
v~ad..-.~181). 
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Table 1.2 DOSB-RBPONSB mJDY OP THB AN"n-CONVULSIVB ACTIVITY OF 

PBBNYTOIN AND . %53 IN MES-INDUCBD 11lB-Sm::tJRES IN 
MICB 

PBBNYTOIN ff.j3 

MUmtet Mm Doling Mhmml After Dostna 
10 30 10 30 

Dose m&fkl IV " Protected Flom DolO ma/kl IV • Prota:led Prom 
TBB-Selzmea 'lllB-Seizanl 

2 0 13 3 0 0 
3 13 2.S 4.4 13 0 
4.S 13 13 6.7 0 0 
6.8 38 63 10.1 25 .50 

10.1 63 88 15.0 38 100 
15.2 88 100 22.5 75 100 

One hundmd IDd twelve aW:e wen med lo this llUdy; eight al each timo point with CIM:la 
dnag dose. 

Cardiovascular effects 

A) ANTIARRHYTHMIC ACTIVITY IN VITRO AND IN VIVO (RR 740-02905, Vol. 9). 

In vitro, fosphenytoin had not antiantlythmic effect in acetytatrophanthklln-treated guinea pig right atrta 
at concentrations up to 400 uM, whlle phenytoln restored rhythmic beating In 4 of 7 atria at a mean 
EC50 of 20 uM. In vivo, fosphenytoln and phenytoin exerted similar antlarrhythmtc actMty, 
respectively converting oubafn.induced tachycardia In 87 and 100 % of animala after an lnfuak>n time 
of 8.5 and 7 min, at administered doaet of 24.3 and 14.1 mg/kg, and plume levels of 18 and 29.5 
ug/ml of phenytoin. This indicates that fosphenytotn has no direct antlarrhythmlc action, but II almllar 
to phenytoln under in vivo conditions, presumably due to enzymatic conversion to phenytoin. 

B) HEMODYNAMIC EFFECTS IN ANESTHETIZED DOGS (RR 740-029oe. Vol. 9). 

1. Fosphenytoin (60 mglkg) lnfuled over 2 min (infusion rate of 20 mg/kg/min) produced marked 
reductions in systolic (50%) and di31tolic (60%) blood preuure, heart rate (25"), and 
LvdP/dt (70%). The ma>cimUm effect& were observed 1 O min •fter termln•tlon of Infusion and 
had returned toward normal by 60 min. f'l.ar rapid Infusion of an equlmolar dose of phenytoln 
(40 mg/kg), changes In CV parameters were comparable to thoH lffn af'terfoaphenytoln 
(Figure• 1.1 a 1.2). Effects on CV parameters appeared somewhat more pronounced after 
fosphenytoln (dla1tollc BP was algnlficantly lower In fosphenytoln group at 4 min); however, 
3 of the phenytoln animals died within 4 min from onset of intuaion, while 111 e foaphenytoln 
dogs recovered. 

2. Plasma levels of fosphenytoin were highest at the end of the Infusion, while puk levels of 
formed phenytoin were seen at about 8 min after the end of Infusion (FlguN 1.3). Peak 
plasma phenytokl levels (free levell not delllrmined) were reached more rapidly after lnf&Jllon 
of phenytoin than after foaphenytoln, although maximal levels achieved Mf'9 llmilar. 

3. Foaphenytoln (31 mg/kg) Infused over 15, 20, or 30 min produced algnlflc8nt reductions In 
syatolie (25%) and diastolic (35%) bkx>d preuure, HR (10%), left ventricular oontractlllty 
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(LvdP/dt, 20-45%), and cardiac output (20-40%) at all three infusion rates (Figures 1.4 and 
1.5). The maximum effects were comparable at each intuaion rate and the maximum effects 
were observed at the end of each Infusion period. In each group, pressures had returned to 
normaJ by eo mJn. There were no significant effects on systolic blood pressure, heart rate, left 
ventrtcular end diastolic pressure, or cardiac output Comparable changes In CV parameters 
were aeen when an equimolar dose of phenytoin (21 mg/kg) was infused over 30 min. 

4. Analysis of plasma samples showed that maximum levels of fosphenytoin occurred at the 
end of the infusion period (Figure I.I). Peak fosphenytoin levels of 106, 82, and, 72 ug/ml 
were attained after Infusion over 15, 20, and 30 min, reapac:tlvely. The maximum levels of 
phenytDin wera also obaerYed at the end of the infuaiOn period. Peak levels of phenytoln were 
35, 29, and 31 ug/ml after infusion of fosphenytoln over 15, 20, and 30 min, respectively. 
Plasma levels declined rapidly thereafter. After Infusion of phenytoin, plasma levels of 
phenytoin were maximal (33 uglml) at the end of Infusion, and declined thereafter . 

••• 
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0.1 M Phenytoln 40 ma/ka 

8883 eo ma/ka 

,..i_. __________ __,r------...------,-------,.-------r------r-~--~ 
10 10 40 10 0 to 10 

TIME (min) 

Figure L 1. Etfect of fosphenytDin, 60 mg/kg. or phenytoln sodium, 40 mg/kg, infused iv over 2 min on L vdP/dt 
In anesthetized dogs. Values are the mean :t SEM (N-S). 
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Figura 1.2. Effect of fosphenytoin, 60 mg.i1<g, or phenytoin sodium, 40 mg/kg, infused iv over 2 min on diastolic 
blood pressure in anesthetized dogs. Values are the mean :t: SEM (N-8). 
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Figure 1.3. Plasma levels of fosphenytoin or of the phenytoin formed following Infusion of fosphenytoln, 60 
mglkg, lnfuaed iv over 2 min end of phenytoin following Infusion In an equlmolar amount of phenytoln sodium, 
40 mg/kg, iv, over 2 min. Values are the mean of 8 determinations. 
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Figure IA. Effects offosphenytoln, 31 mg/kg, lnfusad over 16, 20, or 30 min, of phenytoln sodium, 21 mg/kg, 
Infused over 30 min, or of vehicles alone on LvdP/dt In anesthetized dogs. The vehicle data repreaent the 
combined mean data from the phenytDln vehlcfe (propylene glycol, alcohol; N"4) and the fosphenytoln vehicle 
(TRIS; N•3) treated anlmala. Alf values are mean :t SEM. Asterisks Indicate values aignlftcanUy different from 
comparable vehicle values, p<0.05. 
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Figure 1.5 Effects of foaphenytoln, 31 mg/kg, Infused over 15, 20, or 30 min, of phenytoin lodlum, 21 mg/kg, 
Infused over 30 min, or of vehlctel alone on dlaatollc blood preaaure In anesthetized doga. The vehicle data 
represent the combined mean data from the phenytoln vehicle (propylene glycol, alcohol; N-4) and the 
fosphenytoin vehicle (TRIS; N•3) treated anlmala. All valuea are mean :t SEM. AP.~naka Indicate values 
signlficanUy different from comparable vehicle valua, p<0.05. 
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Figure LI. Plaama levels of fo1phenytotn •nd/or phenytoln following Iv Infusion of foaphenytoln, 31.6 mg/kg, 
over 15, 20, or 30 min or of phenytoln IOdium, 21mg/kg,ivover30 min. All values •re th• me•n :t SEM of 
2-8aamplea. 

C) EFFECTS ON GUINEA PIG ATRIA IN VITRO (RR 740-02Q07, Vol. 9). 

1. F~enytotn and phenytoin both produced concentration-dependent decrea111 In the rate 
of 1pontaneou1 beating tn right atrial preparations and both produced complete arre1t 

2. Arreet occurred 1t 1 much lower concentration of phenytoln (100 uM) than of foaphenytoln 
(30UO uM). The ECSO'a for depreuJon of apontaneoua rate were 41 uM (11 ug/ml) for 
phenyto(n and 535 uM (217 uglml) for folphenytoln. 

3. Both drugs produced ·limllar concentratton-dependent reduction• In oonnctlle force In 
alactrtclly drMln left llr1a (Figure L7) . Thi !CSO for can:HodapreuJon WU llmilar for each: 
98 uM (27 ugJml) for phenytum and .. g5 uM (43 uglml) for folphtnytotn. The vehicles 
deprelled developed con1raCtite fon"JI <20% at their highest ooncenntton1. 

4. Thia atudy lndlclt9d that under In vttn:a condltiona In wttlch 1911than1" of phenytatn wu 
present. fulphanytoln had • cardiac deprenlnt •fflct llmlllr to that of phenytob1 In guinea 
pig left atrial preparatlonl. The dltrarenca between effectl on left •nd right atria Is 
unexplained. Thua, the prodrug la • myocardial depreuant under certain expertment.I 
condltlon1. The l'9llvancl of IJI finding to In WWI adminlltratlOn II unknown. 

8 



110 

Figure 1.7 

... 

' 10 100 1000 10000 
LOCi CONC. (µMJ 

lf'lftl 9t ACC-tla IN .._.. .. t• ...... •ft 11ft 1tt11. Tiii 

•• t II 911111 er ...,_ ., t•t&ta1 •wt11t1C ,.,. fw ._. 

(•tc111J IP N (tea •> atria ft •111&N """ Pl •1"' 

... .,.,._ f/f tlell *'I ., ..,,,.,.,. Wlltc11 "'•· C-MA 

WH UUI ... lfW '9111'1dt. I• •t11t-T ... ftll1C1t-ll tat 1t1t• 

....... ....... • ..... , ...... , ......... Ull .. ,., ..... , •• 

....,. ... c...a •• ..,.,,,,.,. ,.....,. ta ...,....., ., .. ,., 
1trtlu .,..u ftlllc1 ... ti ..,........., '1 ...,. ctrc1ua IM .,. 

.,,.,.,.. ,.,.... .. .. ,, .. , 11111 Ull •• , ............. 1111 , ...... 

........ .. Ria : ... ...,,..... 1t•tll , .. catll .. 

........... u ... "" ....... . 

8 



... 
II. ADME 

Single-dose absorption end pharmacokineties 

A) BLOOD LEVELS AFTER IM ADMINISTRATION TO RATS (RR 764-01612, Vol. 1.10). 

GroupsOf 4 male rats (CD-Sprague-Oa\1ey) were given 115, 250, 370, or 500 mgJkg of fosphanytoln 
or 77, 169, 250, or 337 mg/kg of phenytoin (equlmolar dOHI) by Im injection. Blood sempl•a were 
collected from each rat 1t 0.6, 1.5. 3, 6, and 24 hr post-dose. Analysis wa1 by HPLC. 

Peak -::ood concentratior11 of foaphenytoin were achieved at 30 min after im 1dmlnl1trat1on and 
averaged 9.6, 12.5. 21.4, and 19.8 ug/ml after doses of 115, 250, 370, and 500 mg/kg, respectively. 
Blood levels of foaphenytoln were still quanttftable at 6 hr in the 3 highest dose groups. Blood 
concentrations of phenytDin lftar Im folphenyto!n peaked at Nl min and averaged 42.3, 112, 127, and 
153 ug/ml at the reapective doaea. Correapondlrig peak levels after ph1nytoin admlni1tr1t1on were 
14.9, 20.1, 31.2, Qnd 33.2 ug/ml at 30 min after dosing. Thus, fosphenytoin administration resulted 
in phenytoin levels s.ex higher than those produced by an equlmolar doae of phenytoln, lndicllttng 
greater bioavailablUty of phenytoin after Im administration of foaphenytotn. 

B) PHENYTOIN PHARMACOKINETICS AND BIOAVAILASILITY AFTER IV ADMINISTRATION OF 
EQUIMOLAR DOSES OF PHENYTOIN OR FOSPHENYTOIN TO DOGS (RR 784-01808, Vol. 10). 

Five dogs were administered equimolar tv dOMI of phenytoin (10 mg/kg) or foaphenytoln (14.8 m9'1<g) 
in a two-way cro1aover 1tudy designed to compare the ph1rm1cokin1tice and bloavallablHty of 
phenytoin after each drug (Table 11.1). Analysis wa1 by HPLC. 

After iv administration of folphenytoln, fosphenytoin t1/2, Vd, and AUC value1 averagld 2.6 min, 150 
ml/kg, and 255 ug min/ml, '8Specttvely. The Cl of 40.2 mUmln/kg approximate• th• hepatic blOOd flow 
in dogs, which would be consistent with metabolism to phenytoin by phoaphltaMI preHnt In ti11ue1 
such aa kidney and liver. Converaton of foaphenytoin to phenytoln was rapid tn dog1; the formation 
t1/2 averaged 0.42 min and the peak phenytotn levels (mean 6.98 uglml) we,.. reached at 3.3 min . 
During the first 30 min after administration of phenytotn. phenytom levetl were higher than after 
administration of foapher1ytoin, but levels were 1imilar there1ftlr. The elimination t1/2, Cl, Vd, and 
AUC of phenytoin ware not lignlftcantly different after Iv admlnl1tr1tion of fosphenytotn and phenytoln 
sodium. The bloav-.llablltty of phenytoln after Iv foaphenytoln administration averaged 97.7%. 

T'abl• 11.1. Pharme<:okinetlc Parametera of Phenytoln in Oog11fter IV Admlni1tretlon of 14.8 mg/kg 
of Fosphen}'loin or an Equtmolar Dou of Phenytoin Sodlu~ 

Phenvtoln Parameters• IV Fo1Dhenvtoin IV Phenvtoln 

Formation t1/2Cmln) 0.42 :t 0.42 -
Elimination t1/2 (min) 137 :t 24.5 118t15.2 

Clearanc·• <mllmlnlkal 7.35 :t 1.38 7.11:t1.09 

Vd (ml/ka) 1409 :t 53.3 1197 :t 122 

AUC Cua·mln/ml) 1399 :I: 255 1433 t 223 

Tmax(min) 3.28 :t 2.63 -
Cmax<uwmn 8.98 :t 0.27 -

• Data expre1Hd •• Mean :t SD of 6 dogl 
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An&Jyais of 48-hr urine sample• collected after administration of phenytoin or fosphenytOln Indicated 
similar metabolite etimin•tion profiles. The glucuronide conjugate of 5-(m-hydroxyphen~~)-5· 
phenylhyd•ntoin (m-HPPH) was the major metabolite Identified in urine, accounting for 58.4 and 
56.1 % of the dose after foaphenytoin and phenytoln, reapectivety. less than 5% of the dose was 
eliminated as pheny1oin and 6-(p-hydroxyphenyt)-s.phenythydantoln after administration of either 
compound, and foaphenytoln waa not detected in 24 and 48-hr urine 1ample1. 

C) PHENYTOIN PHARMACOKINETICS ANO RELATIVE BIOAVAILABILITY AFTER IM 
ADMINISTRATION OF PHENYTOIN OR FOSPHENYTOIN TO DOGS (RR 764-01801, Vol. 1.10). 

Five dogs were administered equlmolar Im do1e1 of phenytoln (10 mg/kg) or fo1phenytoln (14.8 
mg/kg) in a two-way aouover study to compare the pharmmcokinetica and bloavailablllty of phenytoln 
after each (T1bl1111.2and11.3). Samples were analyzed by HPLC. 

After im administration, fosphenytoln levels reached a mean peak of 20.4 ug/ml at 9 min, then rapidly 
decreased such that foaphanytoln was not detectable In plasma after 120 min (T1ble 11.3). The 
absorption and elimination t1/2 values averaged 3.2 and 17.4 min, respectively. The appearance of 
phenytoln In the plasma was fairly rapid after im administration of foaphenytoin. The formation t112, 
Cmax, and tmax were 24.7 min, 6.8 ug/rnl, and 76.9 min, re1pective~f (Tabl• 11.2). The corre1pondlng 
values after Im adminiltration of an equlmolar do1e of phenytoln were 17.4 min, 2.18 ug/ml, and 68.1 
min for the absorption t1/2, emu, and tmax, rupecttvety. The tllmtnation t1/2 and apparent volume 
of distribution of phenytoln after foaphenytotn ldmlnl1trltion 1vermged 164 min and 1058 ml/kg, 
iotspectivefy, which were significantly different than corresponding valuea of 389 min and 4086 mVkg, 

respectively, obtatned after im phenyloin. The dttfer9nat1 probably reftect precipitation and deposition 
of phenytoln at the injection alte. 

The AUC values obtained after adminl1trltion of phenytoln were 1ub1tlntialty lower when compared 
to the phenytoln AUCa attar fosphen)'toln administration. From O to 720 min. the AUC values 
averaged 2091 and 980 ug.mlnlml after fo1ph1nytoln and phenytoln locllum, re1pecttvely. When 
extrapolated to infinity, the corresponding AUC values averaged 2238 and 1336 ug.minlml, 
respectively. These flnding1 ahow that the bioavallabutty of phenytoin ldmlnlltem 11 foaphenytoln 
was Increased compared to Im phenytoin sodium, and that th• relative bioavallabllity wa1 time 
dependent, again indicating that phenytoln wa1 retained at the Injection site and alowty releaaed. 

Tabl• 11.2. Pharmacoklnetic Parameters of Phenytoln In Doga after IM Administration of 14.8 mg/kg 
of Fosphenytoin or an Equlmolar Dose of Phenytoln Sodium 

Phenvtoin Parameters• IM Fosghenvtoln IM Phenvtoln 

Ab1orotlon/FC'rmat1on t1/2Cmln) 24.7 t 10.2 17.4 :t 18.7 

Elimination t112 (min) 164 :t 48.7 389 :I: 97.4 

Clearance (mVminlkal 4.ee:to.94 8.2 * 2.91 

Vd (ml/kal 1058 :t 127 4088 :t 828 

AUCn. -<ua•minlml) 2238 t S57 1338 :t 419 

Tmax lmin) 78.9 :I: 23.8 88.1 t S7.5 

Cmax Cua/ml) 8.83 :t 0.89 2.18 :t 0.38 
• Data expressed as Mean :t SO of 5 dogs 
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Anatysis of 48-hr urine samples collected after administration of phenytoin or fosphenytoin indicated 
similar metabolite elimination profiles. Approximately 58% or the dose was recovered In 48-hr 
cumulative urine after dosir.g with fosphenytoln and about 47.4°4 of the dose was recovered after 
phenytoin. The major metabolite was the glucuronide conjugate or 5-(m-hydroxyphenyl)-5-
phenylhydantoin (m-HPPH), which accounted for 90% of the material recovered In urine in both 
cases. 

0) FOSPHENYTOIN AND PHENYTOIN PHARMACOKINETICS ANO BIOAVAJLABILITY AFTER IV OR 
IM ADMINISTRATION OF FOSPHENYTOIN TO DOGS (RR 784-01609, Vol. 10). 

Fosphenytoin (14.8 mg/kg) was administered Iv to 5 dogs, and PK parameters (HPLC analysis) wer" 
compared to those determined In the previous Im r' .Jy (Table 11.3 and 11.4). 

After Iv administration, rosphenytoin levels averaged 220 ug/ml at 0.6 min after dosing, then rapidly 
declined in a biphasic manner. The distributiOn and elimination t1/2 averaged 1.8 and 9.5 min, 
respectively. The absorption t112, Cmax, and tmax after lm administration were 3.2 min, 20.4 ug/ml, 
and 9.1 min, respectively. The elimination t112 and Vd were greater than the corresponding iv values. 
The bioavallability of im fosphenytoin was 100% based on AUCa. 

T•ble 11.3. Pharmacoklnetic Parameters of Fosphenytotn In Oog1 after an IM or IV Dose of 14.8 mp/kg 

Fosohenvtoln Parameters• IM Fo1ohenvtoin IV Fosohenvtoin 

Absorotlon or Dlstnt>ution t1/2(mln) 3.22 :t 1.53 1.79:t0.16 

Elimination t1/2 Cmlnl 17.4 :t 8.22 9.52 :t 2.33 

Clearance tmVmin/kal 21.9 :t 3.21 22. 10 t 3.37 

Vd (ml/ka) 544:t180 299 t 82.5 

AUC tua·mln/mn 888 :t 100 ese :t 1oe 
Tmax or T1 (min) 9.13 :t 2.79 0.83 t 0.35 

Cmax or C1 (ualml) 20.4 t 8.52 220 :t 43.7 
• Data expre11tld n Mean t SD of 5 dogs 

Conve111ion of fosphenytoln to phenytoln waa rapid 1ft1r Iv adminlatratlon. The formation t112 
averaged 1.3 mtn, and peak phenytoin leVlta (mean 7.7 uglml) were seen at an average of 9 min after 
iv admlniltration of fo1phenytoln. Absorption of fosphenytoln and conversion to phenytoin was 
prolonged by Im administration: the formation t1/2 1ver1ged 24. 7 min, and the peak phenytoin 
concentration of 8.8 ug/ml (comparable to lV Cmax) was reached after 77 min. The elimination t112, 
Vd, and Cl of ph1nytotn were similar for the two routes. Baled on the AUCs, the bioavailability of 
phenytotn waa 100% after tm admlnlatration of fo1phenytoln. 
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Table 11.4. Pharmacokinetic Parameters of Phenytoin in Dogs after an IM or IV Dose of 14.8 mg/kg 
of Fosphenytoin 

Phenvtoin Parameters• IM Fosohanvtoin IV Fosphenvtoin 

Formation t1/2 (min) 24.7 :I: 10.2 1.25 ± 0.36 

Elimination t1/2(min) 164 :t 46.7 194 ± 55.9 

Clearance (mUmin/ka\ 4.66±0.94 4.75±1.11 

Vd (mUkal 1058 t 127 1266 :t 102 

AUC tua·min/ml) 2236 ± 557 2220 ± 617 

Tmax lmln> 76.9 :t 23.8 9.01 :t 1.83 

Cmax Cua/ml) 6.83 ± 0.89 7.67 ± 0.62 
• Data expressed as Mean ± SO of 5 dogs 

Distribution, Metabolism, and Elimination 

A) TISSUE DISTRIBUTION IN RATS (RR 764-01600, Vol. 1.10). 

The tissue dlstr1bution of 14C-fosphenytoin was examined In 36 male rats after a single iv bolus dose 
of 1 O mg/kg. The distribution of total radioactivity into various tissues Wiii very rapid. For blood, 
heart, kidneys, liver, lungs, and spleen, the highest amount of total radioactivity was seen within the 
first 5 min. The highest levels In brain, carcass, eyes, intestines, skin/hair, stomach, testes, and 
urina1y bladder occurred at 20, 20, 30, 90, 30, 10, 60, and 60 min, respectively. The highest levels 
of radioactivity in the intestines, kidneys, liver, carcass, and skin/hair averaged 52.1, 1.9, 14.5, 32.6, 
and 22.1% of the dose, respectively. Only 0.2% of the dose was found In the brain at 5 and 60 min 
after dosing, and the amount of radioactivity declined rapidly thereafter. 

Rapid elimination of total radioactivity was observed from blood and all tissues. At 24 hr the highest 
radioactivity was in the carcass and intestines (2.1 and 4.7% of the dose, respectively); the 
radioactivity In all other tissues including blood was less than 1 % of the dose. At 48 hr after dosing, 
less than 1.4% of the dose remained in all tissues. The tissue/blood total radioactivity ratio was above 
1 or close to 1 In the heart, Intestines, kidneys, liver, lungs, and stomach over the entire study period. 
The highest tissue/blood ratios were in intestines> stomach> liver> urinary bladder> kidneys> lungs. 

Radio-HPLC analysis of blood, intestines, kidney, and liver samples showed three radioactive peaks, 
which were Identified 11 a mixture of p-HPPH glucuronlde and an unknown metabolite, p-HPPH, and 
phenytoin, based on their retention times after beta-glucuronidase treatment. In brain, the radioactive 
peak conuponding to p-HPPH glucuronide was absent. m-HPPH was not detected in blood or any 
of the 4 tissues examined. The prodrug was rapidly converted to phenytoin. At 5 min after dosing, 
fosphenytoin was not detectable Ir• brain, intestines, kidneys, and liver, and only a trace amount was 
detected in blood. The tllluelblood ratio for phenytoin was above one In liver, kidneys, and intestines, 
and was close to one in brain at several of the later time points after administration. Pharmacokinetic 
parameters were determined after the concentration-time profiles of phenytoln in blood, brain, 
intestines, kidneys •nd liver had been fitted to appropriate pharmacoklnetlc models. The elimination 
half-lives of phenytoin In blood, brain. intestines, kidneys, and liver were determined to be 72.8, 59.8, 
52.6, 90.1, and 70.3 min, respectively. The elimination t1/2 for blood agrees very closely with 
published data (Varla and Stella). 
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B) MASS BALANCE AFTER IV ADMINISTRATION TO RATS (RR 764-01608, Vol. 1.10). 

The metabolism and excretion of 14C-fosphenytoin were studied in 10 male rats following iv 
administration of 10 mg/kg. At 24 hr after dosing, 86.9% of the dose was recovered, with 46.7% in 
urine and 40.2% in feces. Cumulative urinary and fecal excretion of radioactivity over 72 hr averaged 
51. 7% and 4 7. 7% of the dose, respectively. These results are consistent with what has been reported 
for DPH. In the 24 hr urine sample, a large fraction of the radioactivity was In the form of polar 
metabolites. In contras~ 24-hr fecal samples contained more non·polar metabolites. In the 24-48 and 
48-72 hr urine and fecal samples, a larger percentage of the dose was eliminated as nonpolar 
metabolites. When separated by HPLC, the polar fraction was found not to contain any unchanged 
tosphenytoin. Three radioactive peaks were detected in this fraction; the major urinary metabolita was 
a glucuronide conjugate of p-HPPH. Two additional peaks were not identified. One major and two 
minor metabolites were detected in the nonpolar fraction of urine. The major metabolito was identified 
as p-HPPH, and one of the minor metabolites was phenytoin. One nonpolar metabolite remained 
unidentified. The nonpolar fraction of fece~ contained the same unknown minor metabolite detected 
in urine and a major matabolite identified to be p-HPPH. So, fosphenytoin was cleared entirely by 
metabolism; only a trace amount of phenytoin was recovered in urine;> 40% of the dose was 
recovered in urine and faces as tt ,lucuronide conjugate of p-HPPH. Metabolism appears Identical 
to that of phenytoin, ie, ring oxidation and glucuronidation, followed by renal and biliary excretion of 
the metabolites. 

C) IN VITRO HYDROLYSIS IN HUMAN, DOG, AND RAT BLOOD AND TISSUES (RR 764-01597, Vol. 
1.11 ). 

In vitro conversion of fosphenytoin to phenytoin was examined in rat, dog, and human tissues and 
\\ tlole blood. Incubation of fosphenytr 1in with whole blood and various tissues from rats resulted In the 
rapid disappearance of prodrug wi'•n a concomitant appearance of equimolar amounts of phenytoin. 
Kidneys, small intestines,£ 1liver 1!xhibited the highest phosphatase activity. Dog and human blood 
hydrolyZed the drug m11· · · 'slaMy. Mean in vitro half-lives of fosphenytoin In rat, dog, and human 
whole blood wertt 5.89, • ~9 minutes, respectively. Faster prodrug conversion was observed 
in dog tissue homogen'" 1 the small Intestine, kidney, and liver again the most active in 
mediating hydrolysis of the P• ~. In imro studies with partially purified alkaline phosphatase (bovine 
liver and dog intestines) and acid phosphatase (bovine) revealed that fosphenytoin was a better 
substrate for alkaline than for acid phosphatase. 

D) PLASMA PROTEIN BINDING OF FOSPHENYTOIN (RR 764-01620, Vol. 1.11). 

The protein binding of 14C-fosphenytoin to dog and human plasma was determined by the 
ultrafiltration method. Mean percentages of fosphenytoin (at a concentration of 20 ug/ml) bound to 
human and dog plasma proteins were 95.7 and 91.3%, respectively, indicating that the drug is highly 
protein bound at therapeutic concentrations. Albumin accounted for 88% of the fosphenytoin binding 
to human plasma proteins. Varying the concentrations of albumin from 25 to 50 mg/ml significantly 
increased the% fosphenytoin bound from 81 to 90.5. Binding of 20 ug/ml to human alpha-acid 
glycoprotein (0.2 to 2 mg/ml) was Independent of protein concentration, with percent bound averaging 
13.2%. Binding of fosphenytoin to human albumin, 40 mg/ml, decreased linearly from 81 to 67% when 
concentrations of fosphenytoin increased from 6 to 200 ug/ml. 

The effect of fosphenytoin on the plasma protein binding of phenytoin was studied by coincubating 
DPH at various concentrations of fosphenytoln (7.5-500 ug/ml). Phenytoin binding decreased with 
.ncreasing fosphenytoin concentrations. At a OPH concentration of 5 uglml, the free fraction of 
phenytoin increased from 4 to 18% when the fosphenytoin concentrations increased from 7.5 to 500 
ug/ml. These results indicate that at high concentrations, fosphenytoln may enhance the 
pharmacological or toxicological effects of phenytoln by displacing OPH from Its binding sites. 
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Drugs highly bound to albumin, such as phenylburazone, sulfisoxazole, or warfarin, can displace 
fosphenytoin from binding sites on albumin. When toxic concentrations of AEDs such as PHB, OPH, 
or VPA were added to plasma, the drugs significantly increased (5~20%) the free fraction of 
fosphenytoin. Diazepam, phenytoin, and carbamazepine at a concentration of <10 ug/ml did not 
change the free fraction of fosphenytoin. Since fosphenytoln has little inbinsic pharmacological etfll!ct, 
the changes in free fraction should have no dinical significance. Addition of fosphenytoln at equim..>lar 
concentrations to c:arbamazepine, phenobarbital, or VPA resulted in small but significant displacement 
of these drugs from its plasma binding sites. The degree of displacement of diazepam or 
carbamazepine was not enhanced by increasing the concentration of tosphenytoin 30-80-fold. The 
slight increase in free fraction of these drugs caused by fosphenytoin Is unlikely to have clinical 
significance. 

Toxicokinetics 

A) TOXICOKINETICS IN RATS FOLLOWING SINGLE IM OR IV DOSES (RR 764-02096, Vol. 1.11 ). 

Plasma phenytoin concentrations were determined in serial blood samples collected for 32 hr after 
administration of single im or iv doses of 150 mg/kg fosphenytoln to Wistar rats (5/sex). While peak 
plasma levels were greater after iv adminlstratiOn, concentration-tirne profiles appeared similar 
between routes after Cmax was reached. Phenytotn mean Cmax values following im fosphenytoin 
were 50~0% lower than those after Iv fosphenytoin (Table 11.5). Mean bnax values were 10-15X 
greater after im administration. Elimination t112 averaged 2.4 (im) and 5.3 (Iv) hr In males and (18 (im) 
and 21 (iv) hr in females. Mean AUC values were 331 (im) and 404 (iv) ug hr/ml in males and 649 
(Im) and 611 (iv) in females. Thus, sex differences In phenytoln pharmacoklnetics were seen, peak 
phenytoin levels were reduced after im administration relative to iv administration. and total phenytoln 
exposure was similar following Im or iv administration of the same dose. 

Table 11.5. Mean (%RSD) Pharmacoklnetic Parameters of Phenytoin following IM or IV Bolus 
Administration of 150 mg/kg of Fosphenytoin to Male and Female Rats (N•5/aex) 

Parameters Male Female 

IM IV IM IV 

Cmax ( ug/ml) 39.8 108 47.4 95.4 
(15.9) (8.3) (18.6) (4.9) 

tmax (hr) 0.9 0.08 1.3 0.08 
(20.8) (0.0) (46.71 (0.0) 

t1/2 (hr) 2.4 5.3 17.9 21.0 
(27.5) (35.8) (117) (64.2\ 

AUC (ug hr/ml) 331 404 649 611 
(57.2) (32.4) (27.5) (42.7) 

8) TOXICOKINETICS IN DOGS FOLLOWING SINGLE IM AND IV DOSES (RR 764·02035, Vol. 1.11 ). 

Phenytoin kinetics were determined after single Im or Iv doses of 50 mg/kg fosphenytoln to beagle 
dogs (Table 11.8). Serial blood samples were collected tor 32 hr after dosing. Mean Cmax and tmax 
values following im fosphenytoin were approximatety 21% lower (21.3 ug/ml for Im veraua 26.8 for Iv) 
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and 100% longer (1.2 hr for im versus 0.6 hr for iv) than those following iv fosphenytoin. Once Cmax 
was attained, plasma phenytoin concentration-time profiles were similar for both routes. Mean 
elimination t112 values were essentially the same following im (2.8 hr) and iv (3 hr) administration. 
Mean AUC values following im and iv administration were also comparable, averaging 159 and 163 
ug hr/ml, respectively. There was no gender difference in pharmacokinetics in dogs. 

Table 11.6. Mean (%RSD) Pharmacokinetic Parameters of Phenytoln following IM or IV Bolus 
Administration of 50 mg/kg of Fosphenytoin to Beagle Dogs (N=3/Sf'X) 

Parameters IM IV 

Cmax (ug/ml) 21.3 26.8 
(12.8) (18.4) 

-~ 

tmax (hr) 1.2 0.6 
(34.9) (125) 

t1/2 (hr) 2.8 3.0 
( 19.1) (16.9) 

AUC0 •• (ugohr/ml) 159 163 
(28.9) (27.0) 
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Ill. TOXICOLOGY ... 
A) ACUTE IV TOXICITY IN MICE. RATS, RABBITS, AND DOGS (RR's 745-01722, 745-01726, 745-

01727, 745-01725, 745-01721, 745-01728, 745-01729; Vol. 1.12) 

Result& of acute iv toxicity studies comparing fosphenytoin to phenytoin in mice (5/sexlgroup), rats 
(5/~ex/group), rabbits (6/sex), and dogs (2/sex) are presented in Table 111.1. Rodents were 
adrninistered a single dose, while non-rodents received rising doses, allowing one or more days for 
rec.overy between doses. Doses were administered either as an iv injection or a 30 min iv infusion. 

The acute toxicity of fosphenytoin was similar to that of equimolar doses of phenytoin when both 
drugs were administered by iv infusion. HO\Yever, when administered by bolus injection phenytoin 
was more potent than fosphenytoin, probably because of the more granual rise in peak phenytoin 
levels with the later compound. Clinical signs were similar for both and included ataxia, prostration, 
convulsions, and hypokinesia in both rodent and non-rodent species. Tremors and dyspnea were 
commonly observed in rodents, while struggling, salivation, and vomiting/retching were seen In dogs. 
When administered to rats by 30 min infusion, both drugs produced rigid htndlimbs, while only 
fosphenytoin produced this finding after rapid iv bolus injection. In general the times of onsat and 
recovery of toxic effects were similar for both compounds except followtng rapid iv injection to rats. 
Under these conditions, toxic effects were observed imn jediately after dosing with phenytoln but only 
after mean lag times of 4 to 14 min with tosphenytoin. Necropsies of rats, rabbits and dogs revealed 
no macroscopic pathology which could be attributed to drug treatment 

Since phenytoin is commonly administered to children, the acute toxicities of fosphenytoln and 
phenytoin were compared in weanling (4 week old) and neonatal (7 days) rats. When administered 
by 30 min iv infusion to weanllngs. the compounds produced aimilar toxic signs, which Included 
ataxia, prostration, hypokinesia, sedation, piloerection, dyspnea, hypopnea, tremors, and convulsions 
(few foaphenytoin rats only). The phenytoin and fosphenytoin MLD's In wesnllng rats were similar to 
those obtained in adult rats. Because iv injections could not be made In neonates, both neonatal and 
weanling rats were administered fosphenytoin or phenytoin ip. It was concluded from this study that 
the acute toxicities of the two drugs were similar following Ip administration, but that both were more 
toxic (lethal) in neonates. 

B) ACUrE IM TOXICITY IN RATS AND DOGS (RR 745-01738, RR 745-01742~ Vol. 1.12) 

The acute t.oxictties of fosphenytcin and phenytoin were also compared after Im admtr.istratlon to rats 
(3/se>e/dose) and dogs (3/sex). Clinical sign• were noted in rata within 40 to 60 min poatdoae with 
both compounds. Ataxia and prostration were observed In rats With fosphenytoln doses 112 and 113 
lower, res~'9fy, on a molar basis. than those phenytaln do1e1 producing the 11J11me algna. Deaths 
occurred between 3 and 19 hr postdOM with fosphenytoin doses ~ 247 mg/kg (phenytoin 
equivalents), while no deaths occurred with phenytoin doses up to 337 mg/kg (Table 111.2). In dogs, 
sedation and emeaia occurred with both compounds, while prostration, ataxia, and convulsion were 
seen only with fosphenytoin. Struggling during dosing, presumably resulting from pain, was seen only 
with phenytotn. No deaths occurred in dogs at doses of up tc 50 mg/kg of either compound. In a 
separate PK study in rats, Whole blood phenytoln concentrations were consistently 5 to 6 times higher 
after adminil1rati0n of foaphenytoln thin with equimolar doses of phenytoln (see PK section, above). 
Thus, the greater solubility and resultant higher blood levels presumably accounted for the increased 
systemic toxicity of foaphenytoln ...,, In both n.ita and dogs. In both speciel, phenytoln caused 
injection site necrosis while no necro1i1 waa oburved With foaphenytoln. 
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Table 111.1. Summary of Acute IV Toxicity Studies of Fosphenytoln and Phenytoin 

Species Route Drug Res.ult& (m1 Jkg phenytoin 
equ1VSlents 

NOAEL MTD MLD 

Mouse IV infusion Fosohenvtoin 33.3 63.3 156 

Phenvtoin <33 6:l 192 

Rat IV bolus Fosphenvtoin 50 153 213 

Phenvtoin <45 45 90.4 

Rat IV infusion Fosohenvtoin <50 153 242 

Phenvtoin <45 210 275 

Rat IV infusion Fosphenvtoin 33.3 120 258 
(weanling) 

Phenvtoin 33 120 297 

Rat IP Fosphenvtoin 
(weanling) 

60 ND 352 

Phenvtoin 60 ND 339 

Ret IP Fosohenvtcln 100 NO 180 
(neonate) ·-

Phenvtoln 102 ND 224 

Rabbit IV infusion Fosphenvtoin 40 40 ND 

Phenvtoin 27 40.5 NO 

Dog IV bolus Fosphenvtoln 13.3 26.7 ND 

Phenvtoln 6 24 ND 

Dog IV infusion Fosphenvtoln 13.3 26.7 NO 

Phenvtoln 12 24 ND 

Table 111.2. Comparison of Acute IM Toxicity of Fosphenytoin and Phenytoin In Rats and Dogs 

Species Route Drug Resultl (mg/kg phenytoin 
aaulvalents 

NOAEL MTD MLO 

Rat IM Fosphenvtoln 33.3 167 278 

Phenvtoin 34 337 >337 

Dog IM Fosohenvtoln 33.3 33.3 NO 

Phenvtoin 6.7 > 50 ND 
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C) FOUR-WEEK IV TOxtCITY IN RATS (RP. 250-01648, Vol. 1.14). 

1. Treatment 

Four groups of 18 W11tar rats/sex wero given daily iv (bolus) doses of vehicle or fosphenytoin 
(30, 60, and 150 mg/kg) for 4 weeks. ·ren ratslsex/grp were euthanized at the completion of 
dosing, and 5/sex/group were sacrtticed after a 4 week recovery period (week 8). ThrtM 
rats/sex/ga·oup were sacrificed 15 min postdose during week 3 for determination of whole 
blood and plasma phenytoin concentrations. All animals were observed daily for signs of 
toxicity. Body weight and food conaumptiOn were determined weekly. Detailed phys''"al and 
ophthalmoscopic exams were performed pretest and at termination (week 4 or 8). bamples 
for hematology, biochemistry, and urinalysis were obtained prior to termination. Selected 
organs were weighed, and tissues from control and HD groups and liver and injection sites 
from all groups were examined microscopically. Liver from selected controt and HO animals 
were evaluated by EM. 

Drug lot#: CM 345120 

2. Clinjcal Signs and Mortalitv 

a) Ataxia or hypoactivity were observed infrequently in 1 and 2 MD males, respectively. 
Ataxia and hypoactivity were seen throughout the treatment phase in all HO animals. 
5allvati0n was noted In 3 MD and 14 HD rats. Urinary staining and dyspnea occurred 
in both sexes at the HO. The incidence of injection-related skin sores was similar in 
treated and control groups. 

b) No animals died during the study. 

3. Bodv weight and food consumption 

a) BW was decreased 18% In HO males, with a 32% reduction in weight gain during the 
dosing period. In the NCOvery period, BW gain was higher in HO males and there 
were no statistically significant differences at week 8. 

b) Food consumption was 14% lower in HD males and 10% higher in HO females 
compared to controls. 

4. Phvsical and Ochthalmoacoolc exams 

No significant treatment-related effects. 

5. Hematology 

Small decreases in RBCs, HGB, and HCT and an increase in MCHC were seen in HD 
females at week 4 compared to controls (not considered toxicologically significant). 

6. Clinjca! Cherni•trv 

a) lncreaaes (30-60%) in alanine aminotransferase and alkaline phosphatase aettvities 
were observed in HO males and females. 

b) A 48% decreaH In b'lglyceride concentration wos seen in HD males at 4 weeks. 
c) Urea was slightly decreased in all treatment group males at 4 weeks (15% at HD). 

7. Urina!ysjs 

No TR effects. 
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8. Organ weiah• • 

Statistically significant increases in absolute and relative liver weight were noted at 4 weeks 
in treated females at al! doses. Relative liver weights were also increased in HD males, but 
absolute weights were lower than controls. Relative liver to BW ratios were increasr .... 8 
weeks in HO males and females, but there were no differences in absolute liver weig: 

9. Gross Patholooy 

Treatment-related changes in the skin at the tail injection sites were noted in HD rats at 4 
weeks und 8 weeks. 

1 O. Hjstooatholoay 

Changes in the liver and injection sites Wi!re seen in treated males and females at week 4. 

a) Liver -The incidence of periportal cytoplasmic vacuolization of hepatocytes was 
increased in treated males (minimal to mild) and females (mild to moderate). No 
liver abnormalities were observed in the recovery groups. 4 week liver tissue from 
selected control and HD group animals exhibited no evidence of hepatocellular injury 
by EM; nowever, glycogen deposition was increased In treated animals, particularty 
in a females having the greatest periportal vacuolization. 

b) Skin - Cutan&OUS necrosis and Inflammation were increased at the Injection sites of 
treated males and females at 4 weeks. No changes were noted at 8 weeks. 

11 . Plasma concentrations 

Phenytoin concentrations at 15 min postdosing were proportional to dose and similar in 
plasma and Whole blood of males and females (Table 111.3). 

Table 111.3. Plasma and Whole Blood Phenytoin ConC1tntrations in Rats Given Fosphenytoin IV for 
4Weeks 

Fosphenytoin Plasma Conc~ntratlon (uQ/mW 
Dose (mg/kg) 

Plasma Whole Blood 

Male Female Male Female 

30 7.34 10.9 7.85 10.7 
:t 0.85 :t 1 .'T5 :t 0.24 t0.79 

60 18.4 21.2 19.0 22.4 
:t 4.24 :t 0.91 :t 3.67 :t 1.27 

150 54.'3 51.0 55.1 55.5 
:t 1.10 :t 0.91 :t 2.12 :t 1.04 

* Samples obtained 15 min postdoae from 3 animals/sex/group during week 3; values are mean :t 
standard. 
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0) 13 WEEK IM TOXICl"PfofN RATS {RR 745-01744, conducted by IRDC, Vol. 1.15). 

1. Treatment 

Fifteen Sprague Dawley (Chailes River CD) rats/sex/group were randomly assigned to each 
of five treatment groups, to receive either normal saline (controls), phenytoin sodium (positiVe 
control; 100 mg.lkg in 40% propylene glyeol and 10% ETOH), or fosphenytoin (30, 80, or 150 
mg/kg in 0.1 M TRIS buffer) by Intramuscular injection, once daily, for 13 weeks. Ten 
rats/sex/group were designated es main study animals and the remaining 5/sexlgroup were 
used for pharmacokinetic studies. The phenytoin and HD fotphenytoln groups received 
approximately equimolar doaas. Because .;f excessive mortality, the pt'aenytoin group was 
terminated during week 9, and all tests schtjuled for termination were carried out at that 
time. 

Drug lot #: ZB6-7-10 

2. Ob1erv8d sjgos 

Decreased activity, leaning to one side, excessive salivation, and dilated pupils were 
observed in HD fosphenytoin animals. Only excessive salivation was observed in the MD 
group. The phenytoin group exhibited decreased activity, excessive salivation, swollen 
hindlimbs, and autocanibalism of hind limbs. 

3. MgrtaUtv 

In the phenytoin group, 8115 male and 10/15 female rats died by week 8. In the foaphenytoln 
groups, deaths occurred in 1/15 LO females, 1115 MD females, 2115 HD males and 1/15 HD 
females. One saline control female died. Only the phenytoln group and HD foaphenytoln 
group deaths were conaidered treatment-related; the others were thought to be related to the 
blood collection procedure. 

4. ~.Weights and food Consumotion 

a) BWs for males and females in both the HD fo1phenytoin group and the phenytoln 
group were lower than those In the saline control group throughout the treatment 
period. 

b) Food consumption (g/anlmal) for HD fosphenytoin group males was consistently 
lower than salint controls. However, when calculated relative to BW, food 
consumption values (glkg) for both male and female HD animals were generally 
higher than those for the control group. Food consumption In the LO and MD 
fosphenytoin groups was slighUy (<10%) lower than controls. In the phenytoln group, 
both absolute and relative consumption were reduced compared to controls. 

5. Hematoloay (routine hematology, serum chemistry and urinalysis tests were crt'lducted on 
all main study rats during week 8 and at termination l 

No treatment-related effects on hematology were observed arnong any of the fosphenytoin
treated groups. Significant decreans h' RBCs, HGB and HCT, and increases in WBCs 
observed In phenytoin·treated rats we~• attrtbuted to hemorrhage and Infection secondary 
to autocannlbalism il'lduced by the local Irritation of Im phenytoin. 

6. CUnical Chemjstrv 

a) Aspartate and alanine aminotransferaae and alkaline phosphatase levels were 
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b) 

elwaltd in the HD foaphenytoin group ( R about 2·fold for all 3 in M & F). Only alight 
increases in alkaline phoaphaiase levels were noted in the phenytoin group. 
NQn..fastad glucose concentrations (from umplea coltt.cted 2 hr after dosing) were 
significantly elevated (4-fold compared to uline) in the HD folphenytoin group. 
Phenytoin had J)reviously been shown to Induce hyperglycemia, presumably by 
Inhibiting Insulin releaH, and glucoM was elevated about 2·fold in the phenytoin 
group at 9 weeks in the current study. A hyperg~mlc effect has also been 
previously shaMi fer fospher.'t(Oin. The hyperglycemia was no longer evident by the 
time routine blood sample~ were collected 24 hr later. 

7. Urin11vs;1 

Glucosuria was observed in both the phenytoin and HD fosphenytoin groups. 

8. Ora1n WelAbts 

a) Absolute and relative liver weights were elevated In MD and liO fo1phenytoin 
groups. primarily In female& (70-80% In HO females). In contrast absolute and 
relative (to brain) liver Mights were decreased In the phenyk\ln group. 

b) Relativ• adrenal weights were Increased In phenytoln group animals, and absolute 
adrenal weights were increased In the HO foaphenytoln group. 

c) Thymus weights were aigniflcantly decreased in HO fosphenytoin males and 
females. while relative thymus nights were signlflcantly decreased In phenytoln 
group females. 

9. Grou PatholoQ.Y 

MacrOIQOpic evidence of tluue lnltatlon at injection sites was oblerved in the phenytoin- and 
fOlphenylDin-tr groupc. Changes ln the ptienytoin group consisted of pockets of fibrous 
matenlt, nodulll, necroeil, tuckened tl\:laue, and abf,........ The lesions were bilateral and 
the intlensttyWll moderate to aeve,..,. Al .. o. 10/1~ m111lel and 8/15 females in this group had 
misaing toes or foot parts from thetr rar limbs. In toaphenyi. ·n groups, changes Included 
"8C:"Olll, hemorrhag6 or dilcoknd arua. and pale, firm areu. The le1ion1 were unilateral 
or bilateral, focal, and varted from rnlld to severe. The changes in the fosphenytoln groups 
were dOH-related, and no slgna of autocennlbaliam were seen. 

10. Miqpscopts; Pathology 

a) Injection site - Mlcroacoplc evtdence of Injection 11te lrrttation. con1l1tlng of 
hemorrhage, inflammation, necrosis, min£r1Hzation, and thrombosis, was -n In 
bolh the phenytoin and folphe.nytoin groups. TI"e response was dose-dependent in 
the folphenytoin groups, and the changes were reportedly somewhat leu severe 
th._n In the phenytoin group. 

b) Uwr- Increased inncytoplalmic vacuolization of hepatoeytes was observed in HD 
fosphenytoin animals (8110 males, 9/10 females). Thia was thought to bf: due to 
glycogen accumulation. Single cell ht.J.>.ltocyle necro1is Wiii observed In the 
phenytoin group an•mala (3110 malel, 3110 femalea). 

c) Thymus • Thymulfll of rats In the phenytoin and HO foaphenytoln groups showed 
trace to moderate lymphoid depletion (correlated With dKre1sea In thymus weights; 
considered 1treu-related). 

d) A few •nlmal1 in the phenytoin and HD fotphenytoln groups had cortical cell 
vacuolization or hypertrophy of the w.ireMlt. lhia wa1 11so considered atreaa
related. 
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11. Plasma prua Cc1nc1nt@tions 

Blood samples were collected from rats designated for blood level studies Immediately prior 
to, and at 30, 60, and 120 min after doling on study days 1, 42, and at termination (Table 
111.4). 

At equimolar doses, peak phenytoin levels were about 3-4 times higher following 
fotphenytoin administration than after phenytoln Injection. Absorption of pnenytoin was 
apparen1ly prolonged, since significant levels w.re meaaured in thl• group prior to doling on 
day42. 

Table lll.4. Plasma Fosphenytoin and Phenytoin Concentrations in Rats Given Fosphenytoin or 
Phenytoin IM for 13 Weeks 

Fosphenytoin Pt11m1 Concentration CugJml)* 
Ooae(mglkg 

Foaohenvtoin Phenvtoin phenytoln 
equiValents) Male Female Male Female 

20 < 0.1 < 0.1 8.42 7.63 
:I: 1.40 :t 1.22 

40 0.782 0.319 14.3 18.0 
:t0.85 :t 0.85 t4.88 :t 4.87 

100 2.10 ~.19 46.7 48.9 
t 1.25 :t 2.38 :I: 18.5 :t6.64 

Phenytoin NM N•~ 15.2 23.8 
100 mati<a .:t 10.2 :t 1.38 

•Samples obtained 30 min postdOH from 5 animalllMxlgroup, on day 91(WHk13) from 1nlrr.al1 
given foapheriytoin and on day 42 (week 8) from 1nlmat1 given phenytoln; val\IH are mean :t 
standard. 
NM • not me11ured 
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E) FOUR~WEEK IV TOxrtiTY IN DOGS (RR 745..01970, Vol. 1.18) 

1. TreatmlDl 

Four groups of bugle dogs ( 4/sex/group) were given daily iv bolus doaes of fosphenytoin at 
0 (vehlcl8-0.1 M Tris buffer, pH 8.8), 15, 30, or 50 mg/kg for 4 weeks. Three animals In each 
group were sacrificed after 4 wnks; the remaining dog in each group was sacrificed after a 
4 week recovery period. Animals were observed dally for elgna of toxicity and 1yatemlc 
effects. Body weights were recorded pretest, weekly, and at termination. Fo.:>d consumption 
was assessed dally by visc~I Inspection. Physical and ophthalmoacopic exams were 
performed pretest and at weeks 4 and 8. Blood preuure meuurements and ECG were 
performed pretest, before and 60 min after dosing on day 1 and durtng week 4, and at 8 
weeka. Hematological, clinical chemistry and unnalylla determinations were made pretest 
and at weeks 4 and 8: Blood samples for determiuation of phenytoin concentrations were 
collected 30 min after dosing during week 2. Comµlete necropsies were performed on all 
animals at termination after 4 e1r 8 weeks. 

Drug lot#: CM 344120 

2. Clinjcal Sjgn1 and Mortality 

a) Salivation, emesia, mucold feces were observed in all treatment groups (D·R). 
b) Erythema of the gums and/or muzzle after dosing was seen in MO and HD dogs. 
c) All HD males •~d 2 HO females exhibited ataxia, and hypoactivtty and tremors 

occurred sporadically in HD animals. 
d) No significant signs were obur'Vld during the ~very period. 
e) No unscheduled deaths occurred. 

3. Body Wejght and food Consymptlon 

There werf' no significant drug-related effects on body weights or food consumption. 

4. Pbvsg! and Ophtba!molCQpic egms 

No significant treatment-related effects. 

5. BI09d Pre11ure and ECG 

rhere were no significant treatment-related changes. 

6. Hematoloav and Bono Marrpw 

No drug--related alteration• in hematologic parameters or bone marrow data were observed. 

7. Clinical Chemjgy 

A o.R inawe In urum alkaline phosphatase ( R 2.5-3X C at HO) was aeen in treated dogs 
compared to pretest and control values. These returned toward normal during the recovery 
period, but were still elevated at 8 weeks. 

8. Urinalvai• 

No treatment-related changes. 
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9. Organ Wejghfi • 

a) 0-R Increases in liver weights occurred in treated doga (abaolute R+25-300/o at HD). 
b) Mandibular salivary gland weights were increased in HD males and MD and HD 

females. 
c) Sm.II (10%) increa1e1in1bsolute end relative heart weights were seen in MD and 

HO males. 

·iO. Gross Pathology 

No TR changes were noted. 

11 . Hjatopatho!ogy 

a) Two HD males bad minimal diffuse hypertrophy of mandibular and parotid salivary 
gland acini which correlated with aallvatk>n noted clinically and lncreaMd aalivary 
gland weights. These changes were not seen In females. 

b) No differences in the incidence or aeventy of Injection site alteratluns were noted 
between vehicle controls and treated groups. 

12. Plasma concentratioo1 

Mean plasma and whole blood phenytoin concentrations Increased proportionately With dose. 
Plasma and whole blood phenytoin concentrations were similar ar.d were equivalent between 
sexes at each dose (Table Ill.I). 

T1bl• Ill.I. Plasma and Whole Blood Phenytoin Concentrations in Dogs Given Foaphenytoin IV for 
4 Weeks 

Fosphenytoin Pl••"-• Concentration lualmll* 
Dose (mg/kg) 

Plasma Whole Blood 

Mile Female Male Female 

15 8.43 8.78 6.54 6.95 
:t 0.33 :t 0.41 :t 0.31 :t 0.07 

30 13.4 13.2 •13.7 13.8 
:i:0.99 :t 0.19 :t 0.30 t0.40 

50 22.2 24.0 23.5 23.8 
:t: 1.47 :t 2.90 :t 0.69 t2.46 

• Samples obtained 30 min postdoae from 4 animatllseX/group during week 2; values are mean :t 
standard. 
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F) 13 WEEK IM rox1crr'l1N DOGS (RR 745-01740, conducted by IRDC, Vol. 1.19). 

Tre1tm1ot 

Fosphenytoin was administered Im to beagle dogs at dose levela of 15, 30, and 60 mg/kg/day 
for 13 weeks. A negative COl"ltrol group was administered nline. and a positive control group 
recetved phenytcin sodium on the same regimen. The phenytoln dose was 40 mglkg, which 
was equlmolar to the high foaphenytoln dote. All groups contained 4 males and 4 female 
dogs. 

Drug lot#: Z86-7-1 o 

2. Clinical Signt 

Ataxia, decreased activity, and mucoid diarrhea were observed In the HO fosphenytoin 
group. Emeais and ptyalism were aeen in all fosphenytoin·tre•ted dogs In a dose-related 
manner. Ataxia, emesis, and diarrhea were observed In the phenytoin group, with Incidences 
intermediate between that seen in the MO and HD foaphenytoln groups. Other observations 
made in phenytoin-treated doge include the Inability to bend rear legs, thinness, swollen legs, 
and 1011 of appetite. Dogs In this group also struggled and vocalized during dosing. Both 
phenytoin and fosphenytoin groups exhibited swelling at the injectiOn sites. 

3. Mortality 

All study animals survived until termination. 

4. Body W.ight and F90d Consumption 

BW gain was increased in male fo1ph1nytoin group dogs (1.5X saline controls at HO) and 
slightly decruaed in pnenytoin group males and females compared to qline controls. Food 
consumption was decreased in HD females and in phenytoin group males and females. 

5. Oohtb•lmoscooic Ex1mjnatlon 

No treatment-related ophthalmoscopic abnonnallties were detected. 

6. Phvslcal Ex1mjnation 

Signs of injection site irritation were noted in the phenytoin group only. 

7. C1rttloya1cylar ExamjoetltJQ 

No cardiovascular abnormalities were detected at one month or at the end of the study. 

8. H1ro1101ogv (pre-study and at 1, 2, and 3 months) 

No chang• in hematologic values were noted in the analysis of blood samples. However, 
one HO folphenytoin female had an elevated myelold/erythroid ratio (MIE = 6.1) In th• bone 
marrow smear performed mm martam. indicative of depressed erytirogeneala. All other 
hematologic parameters were normal for this dog, however. 

9. Cl!njcal Cbemjstrv (p,..study and at 1, 2, and 3 months) 

Alkaline phosphatase levela were elevated In the phenytoln croup males and females ( sc 2-3-
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fold C), in Hl1tbsphenytoin group males and females (2·3X C), and in MO fosphenytoin 
females (+60% compared to C). Creatine phosphokinaae (CPK) values were elevated in MD 
and HO fosphenytoin males (2X C), in HD fosphenytoin group females (2X C), and in 
phenytoin group females (2·3X C). AST and ALT were increased in phenytoin group females 
(2 X). BUN was decreased in phenytoln group males and females (·30-40%). 

10. UtiWJlvsls (pre-study and at 1, 2, and 3 months) 

The urinalysis values for all groups were normal. 

11. Organ Weiahts 

A dose-rela!ed increase in liver weights occurred In fosphenytoin group males ( ><+35% at HD) 
and females (+28% at HD). Liver weight was alfSo increased in the PC group (+28% M, 14% 
F). 

12. Macroscoclc Pathology 

Injection site changes were observed in dogs from the phenytoin group and from the MD and 
HD fosphenytoin groups. These were mora extensive and severe In the phenytoin group and 
consisted of abscesses, fibrous tiasue masses, and multiple hemorrhages. Only 2 females 
in the MD fosphenytoin group and 2 males and 2 females in the HD group had tissue 
changes consisting of discolored fat and muscle, edema between muscles, and p.ttechial 
hemorrhage. 

13. MiCtRS>oic Patholoay 

a) Injection site • Microscopic changes were observed at the injection site in the 
phenytoin group and in the HD and MD fosphenytoin groups. Abnorm:1litie1 seen at 
the injection site in phenytoin treated dogs included hemorrhage, inflammation, 
necrosis, thrombosis, mineralization and abscess formation Injection site changes 
in the fosphenytoin groups were reportedly much less sev&re. 

b) Livers of 1 male and 1 female from thr • '·enytoln group and of all females from the 
HD fos;henytoin group showed dlffus, ·ceases In lntracytoplasmie vacuolization 
of hepatocytes. 

14. flasma Drug Leyels 

B~ samptes were collected from each animal 30 min before and at interva~s up to 3 hr after 
do,ing on days 1, 42 and at termination (Table m.8). Peak fosphenytoln levels were seen 10· 
15 min after administration. Rapid conversion to phenytoln was demonstrated by the 
appearance of phenytoin levels by 5 min after dosing. Phenytoln levels peaked at 
approximately 60 min after prodrug administration. Peak phenytoin levels in the phei1ytoin 
group were consistently about 3 times lower than those in the equimolar fosphenytoin group. 
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Table 111.8. Plasma Foiphenytoin and Phenytoin Concentrations in Dogs Given Fosphenytoin or 
Phenytoin IM for 13 Weeks 

Fosphenytoin Plasma Concentration (ua/ml) 
Dose (mg/kg 

Fosohenytojn• Phenytoln .. phenytoin 
equivalents) Male Female Male Female 

10 13.7 20.2 6.24 6.34 
:t 5.91 :t 10.9 :t 0.59 :t 0.81 

20 28.~ 21.7 12.1 11.2 
:t 12.9 t 8.09 t0.90 :t 1.32 

40 60.6 51.4 27.5 28.7 
:t 7.18 t 12.8 ±3.47 :t 11.0 

Phenytoin NM NM 6.67 9.97 
40 mg/kg :t 1.57 :t 1.65 

•Samples obtained 10 min postdose from 4 anlmalllsex/group on day 91 (week 13); values are mean 
:.t standard. 
0 Samples obtained 60 min postdose from 4 animals/sex/group on day 91 (week 13); values sre 
mean :t standard. 
NM = not measured 



.... 
IV. SPECIAL TOXICITY 

A) VENOUS AND PERIVASCULAR IRRITATION IN RABBITS (RR 745-10724, Vol. 1.20). 

When administered as a 30-min iv infusion (0.05 ml/min) Into the right ear or as a 0.1 ml perivascular 
injection into the left ear, fosphenytoin at concentrations of 10, 25, or 50 mg/ml was no more irritating 
than the saline co.,trol at either site. A concentration of 75 mg/ml resulted In higher (50%) irritation 
scores than the saline control at both sites. PhenytOln concentrations of 16.9, 33.7, and 50 mg/ml 
produced significantly greater microscopic Irritation than did the saline control at the venous site and 
concentrations of 33. 7 and 50 mg/ml produced significantly greater Irritation at the perivascular site. 
The three highest doses of phenytoin were only slightly more irritating than their undiluted vehicle 
(40% propy1ene glycol, 10% alcohol, water - pH adjusted to 12 with NaOH). The irritation produced 
by phenytoin and its vehicle included a high incidence of thrombosis, which was not seen in the 
fosphenytoin groups. 

B) LOCAL IRRITATION AFTER ACUTE IM INJECTION OF RABBITS (RR 745-01737, Vol. 1.20). 

Microscopic irritation scores (slight to moderate) were not different a,,ong injections sites for saline, 
phenytoin vehicle, and phenytoln (50 mg/ml). Irritation scores (minimal to mild) at fosphenytoin ve~icle 
(0.1 M Tris buffer. pH adjusted to 8.8 with HCI) or fosphenytoin (25, 50, 75, or 100 mg/ml) sites were 
statistically lower than those for saline control and phenytoin. 

C) LOCAL IRRITATION AFTER DAILY IM INJECTION OF RABBITS FOR FIVE CONSECUTIVE DAYS 
(RR 745-01741. Vol. 1.20). 

When a 1 ml volume was injected im into the hlndlil'l,b of rabbits daily for 5 consecutive days, 
fosphenytoin concentrations of 50, 75 and 100 mg/ml produced concentration-dependent irritation 
compared to saline controls (increased serum creatine kinase and irritation scores). Based on 
macroscopic scores and effects on serum CK, phenytoln at 50 mg/ml was more irritating than 
equimolar concentrations of fosphenytoin. Irritation produced by the undiluted phenytoin vehicle was 
comparable in seventy to that seen with formulated phenytoin at a concentration of 50 mg/ml. 

0) HYPERGLYCEMIC EFFECTS IN RATS (RR 745-01734, Vol. 1.20). 

Fosphenytoin (150 mg/kg) or phenytoin (100 mg/kg) were administered by 30 min infusions to 10 
rats/group, and multiple blood and urint:t samples were collected over a 48 hr period. Serum glucose 
concentrations In the fosphenytoin and phenytoin groups were elevated by 30 min after :iv~lng and 
peaked at about 400 mg/dl at 1 hr. Levels were significantly increased for 4-6 hr after 1osing. 
Glucose levels in both groups had returned to normal by 24 hr. Urine glucose levels increaaed during 
the first 12 hr after dosing in both groups compared tc.. saline controls and returned to normal during 
the second 12 hr. Effects on glucose were comparable for the two drugs. 

E) CNS TOXICITY IN MICE (RR 745-01736, vol. 1.20). 

6 mice/group received single Ip injections of equimolar doses of fosphenytoin or pht-nytoin sodium 
solution. Saline and vehicle controls were included. Fosphenytoin at 50 mg/kg or phenytoin at 33 
mg/kg produced no effects. Dose-related CNS toxicity, including decra"'1ed respiration, prostrc1t1on. 
piloerection, trernora. ataxia, sedatk>n, decreased pupil response. reduced righting reflex, decn~ased 
grip strength, decreli .. · ~ body temperature, and death (at 2 highest doses), were observed after 
doses of 100, 200, 500, or 1000 mg/kg of fosphenytoin or 69, 134, 337, or 675 of phanytoin. 
Responses to equlmolar doses of fosphenytoin and phenytoin were similar, but there was a 
suggestion of quantitatively greater effects with fo1phonytoin. These differences may have been d• 1e 
to differences in absorption after Ip administration. 
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.... 
F) CARDIOVASCULAR TOXICITY IN DOGS (RR 745-01735, Vol. 1.2C'I). 

The cardiovascular effects of fosphenytoin, phenytoin, and their respective vehicles (0.1 M Tris buffer, 
pH 8.8 and 40% propylene glycol, 10% alcohol, pH 12) were compared following iv bolus (3 sec) 
injection to anesthetized tamale dogs (4/group). A saline control waa also included. The phenytoin 
dosage (18 mg/kg) used in iile study was considered to represent• ctinically effective dose for 
treatment of status epilepticua, which would normally be infused OYeJ 20-30 min. The fosphenytoin 
dose (27 mg/kg) was equlmolar. Heart rate, left venbicular dP/dt at 40 mmHg (LVdP/dt), left 
ventricular end diastolic pressure (LVEDP), mean arterial preaure (MAP), and Lead II 
electrocardiograms were recorded at frequent Intervals for 1 hour after dosing. Blood samples for 
determination of drug concentrations were collected at each interval. 

Since there were no differences in CV parameters among the three control groups, data from these 
were pooled. Lead II ECG recordings were lirnilar among groups. A slight Increase in QT interval was 
seen in both trt ated groups, but this effect was not considered biologically significant. Intravenous 
phenytoin rnultfJd in decreases In heart rate (80% of baseline), LvdP/dt (max -55% compared to C), 
and MAP (-40% compared to C) and R significant increaJe In LVEDP (2-3-fold). Effects on LVdp/dt 
·~nd L VEOP tasted 3-5 min, while change& in MAP graduaUy returned toward baseline over the so~min 
observatJon period and HR remained low up to 1 hr (Flgure1 IV. 1 and IV .2). Peak phenytoin levels 
in blood occurred at 30 sec after dosing (49 ug/ml) and gradually decreased to 14 ugr1<g at 60 min 
(Table IV.1). Fosphenytoln resulted in more gradual decreases in HR (80% of baseline). LvdP/dt (max 
-36% compared to C), and MAP (-40% compared to C and baseline). Thftse changes peaked at 2-3 
min and then sloWly retL·med toward baseline (HR remained low at 1 hr). EffeciS on L VEOP were 
variable and did not appear to be as pronounced as those produced by phenytoln administration. 
Phenytoin blood levels rose more slowty after fosphenytoln administration, peaking at 5 min after 
doslnv (22 uglml). Effects on CV parameters appeared to correlate with phenytoin blood levels in bOth 
cases. The major differenr.e between drugs was In effects on L VEDP. The less pronounced effects 
seen after fosphenytoin pr~sumably reflect the lower peak blood level of phenytoin resulting from its 
administration. 

Table IV.1 .... " ••l:t afttt ""•"rteln ••••d L•v•I• (µ9/t111.) 
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Figure IV.1 

Figure IV.2 
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G) 
... 

IN VITRO EFFECTS ON HUMAN Blf)QO (RR 745-01746, Vol. 1.20). 

Washed cell and plasma from blood collected from 4 human donors were mix~ with various 
concentrations of fosphenytoin and phenytoin and compared to positive ~ntrcls for hemolysis and 
ptasma protein flocculation by measuring hemoglnbin concentration or optical density. Fosphenytoin 
produced littte hemolysis (<0.7%) at a·1y of the concentrations tested (0.15 - 75 mg/ml). Phenytoln 
produced only slight hemotysis (<3.6o/o) at concentrations up to 5 mgJkg, but essentially complete 
hemolysis was seen at 10, 20, and 50 mg/ml. Fosphenyto1n produced no plasma protein flocculation 
at any concentration tested. Phenytoln produced mild flocculation at 20 mg/ml but none at lower or 
higher concentrations, indicating that th:S , nay h&Vd been an anomalous result. No explanation for the 
difference in hemolytic effects was prcvidtJO. 

H) POTENTIAL RISK.ASSOCt."\TED w;n~ SYSTEMIC FORMALOE: vo~ (RR-MEMO 745-01786, Vol. 
1.31) 

Form~idehydtt i-$ :o. ·~ , !ed during the conversion of fosphenytOin to phenytoin by tissue 
phosphat.a"Y.:s (t1/2 !rpro~i:T'~' · 9 min in humans). The theoretical maximum dose of formaldehyde, 
ars.uming complete, ir.•·t:ntaneo... ·- .. 11Wt.i~!un after an iv dose of 2100 hlg fosphenytoin (said to be 
r:laximum hL:O'riJ11 h.' dose), ano based on a 1: 1 molilr ratio, would be 155.3 mg (5.17 mmol) or 3. 1 
mglkg (50 kg SW). The theoretical "1dXimal rate of exposure to formaldehyde was calculated as 0.22 
mg11<glmin, based on a fosphenytoin infusion rate of 150 mg/min. (The proposed maximum dose and 
rate are now 30 mg/kg and 225 mg/min, respectively.) 

The pharmacokinetics of formaldehyde and its major metabolite formate were modeled using data 
from a published report (McMartin et at., Biochem Pharmacot 28:845-649, 1979) in which 
formaldehyde (30 mg/kg) was administered iv to monkeys. Using this model, peak formaldehyde and 
formate concentrations resulting from first order input of 3 mg/kg formaldehyde, With a formation half
life of 8 rnin, were simulated (Figures IV. 3 and IVA). Peak formaldehyde levels were predicted to 
be approximately 0.18 mmoVL, with concentrations declining to background levels (0.027-0.068 
mmol/L) within 20 min. Maximal formate levels were predicted to be 0.08 mmoUL, which Is below the 
baseline levels measured in 2 monkeys in the same published study (0.18 and 0.27 mmoUL). These 
are worst case simulations analogous to a bolus dose of 2100 mg of fosphenytoln. Background levels 
of formate in humans have been reported in the literature to be 3 to 19 mg/L (0.07 to 0.4 mM). 
Elevations in formate levels were expected to be transient. since an elimination t1/2 of about 11 mi;, 
was predicted. Metabolic acidosis and other characte istics of methanol poisoning reported in 2 
monkeys following administration of a high dose of methanol (3 g/kg) were associated with plasma 
formate levels of 6.4 and 10.5 mmoVL (McMartin et al., above). Plasma formate levels measured in 
4 healthy volunteers following administration of 1200 mg of fosphenytoln by iv lnf\.lsioo ~ver 30 min 
were not significantly different from thos~ observed in a placebo group (N=5) or from baseline levels, 
which averaged about 25 mg/L. It is thought that endogenous production of formaldehyde during 
normal metabolism in humans amounts to about 36 g/day in a 50 kg person; thus, the estimated 
maximal amount of formaldehyde added as a result of fosphenytoin administration (3.1 mg/kg) 
represents about 0.5% of the daily body burden due to metabolism. 

Since the theoretical maximum dose of formaldehyde represents only a fracticn of the total tiody 
burden from normal metabolism, and since the PK simulations indicated that formaldehyde 
concentrations would exceed background levels for a relatively short time, the sponsor considers the 
potential risks associated with formaldehyde exposure as a result of fospher.ytoin administration to 
be negligible. 
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V. GENETIC TOXICOLr,GY (Vol. 1.31) 

A) AMES TEST (RR 745-01958) 

Fosphenytoin was tested with Salmonella strains TA-98, TA-100, TA-1535, TA-1537, and TA-1538, 
both with and without metabolic activation. In initial rangefinding tests. no toxicity to the 
background lawn occurred, by either plate incorporation or preincubation methods, over 
concentrations ranging from 0.5 to 5000 L'91plate. No Increase in revertants occurred for any strain 
in these tests. Confirmatory tests were performed by the plate incorporation methOd in triplicate 
with concentrations ranging from 312.5 to 5000 uglplate. The positive controls produced 
appropriate increases in revertant frequency with each strain, and all background frequencies were 
within historical ranges. No toxicity to the background lawns occurred. Statistically significant 
trends wer~ seen in TA-100, with and without activation, and with TA-98 without activation; 
however, the increases were relatively small and not considered biologieally signifieant. The 
sponsor pointed out that greater (statistically significant) increases in revertant frequency were 
seen with placebo (Tris buffer vehicle) in both of these strains. The maximum response with TA-
100 was 1.4-fold the background level at 5000 uglplate without activation, while the maximum 
increase with TA-98 was 1.7X the background at 625 and 1250 ug/plate without activation. 

Drug lot: CM 344120 

8) MUTATION ASSAY IN V79 CHINESE HAMSTER LUNG CELLS (RR 745-01935) 

V79 Chinese hamster lung cell cultures were exposed to fosphenytoin for 3 hr in the pre-?ence and 
absence of 59. The concentrations ranged from 100 to 4000 ug/ml in both studi~s. In dose 
range-finding for :ytotoxicity, the high concentration prOduced no effect on cell survival in the 
absence of 59, but ::i the presence of 89 there was a 89% reduction In cell survival at 4000 ug/ml. 

In the 2 nonactivated mutation (HGPRT locus) assay trials, the presence of fosphenytoin did not 
produce an increase in mutant frequency. The positive control (ethyl methanesulfonate) produced 
appropriate incre3&8S In both trials (>4X background), but the magnitude of the response differed 
markedly between trials (68.2 and 836.4 mutants/108

). All background frequencies were within 
the acceptable range (0-15 mutants/108

). 

In both activation trials, the positive control (benzo(a)pyrene) prvduced appropriate increases In 
mutant frequency, and background frequencies were within the acceptable range. Cell viability 
was reduced by about 40-50% (relative to vehicle controls) at the maximum fosphenytoin 
concentration in both trials. In trial 1, there was a significant quadrat!c tr·~"d due to an Increase 
in mutation frequency at two intermediate drug concentrations (23 and 24 mutants/106 at 1000 and 
2000 ug/ml, respectively, versus 11 mutants/101 in vehicle controls). Although not significant by 
linear de lEt trend analysis, the effect met other criteria for a positive assay, ie, mutant frequency 
at least 2X vehicle control at two or more contiguous drug concentrations and exceeding 20 
mutants per 101 viable cells with at least one concentration. In trial 2, however, no effect on 
mutation frequency was seen In forphenytoln exposed cultures. 

Drug tot: CM 344120 

C) CHROMOSOME ABERRATION iN V79 CHINESE HAMSTER LUNG CELLS (RR '745-02101) 

F osphenytoin, at concentratiOns up to 4000 ug/ml (high concentration arbitrarily chosen in the 
absence of cytoteixicity or insolubility), was teated for its ability to induce structural chromosome 
aberrations (SCA) in cultured V79 Chinese hamster lung cells. 
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In assays performeawithout SS activation, with tosphenytoin concentrations from 500 to 4000 
ug/ml, there was a statistically significant increase in the percentage of cells with aberrations at 
the 12 hr harvest time after exposure to 4000 uglml (8.5o/o vs 2.So/o in vehicle control; 14 and ·1s% 
after 1 and 1.25 ug/ml mitomycin C). Because this finding did not satisfy the pre-established 
criteria of statistically significant increases at 2 consecutive concentrations, with at least one 
response exceeding the historical control range (0..5% with 59, 0-6.3% without 59), it was not 
considered to be biologically significant. 

Fosphenytoin was tested In the presence of S9 in 3 eeparate trials. In the first trial, the positive 
control (cyclophoaphamide) did not significantly increase SCA at either concentration, so the trial 
was considered invalid (data not submitted). In the second trial (Table V.1), with concentrations 
ranging from 1 OOQ..4000 ug/ml, the percentage of cells with aberrations and the mean number of 
aberrations per cell were both significantly increased at all concer~tions and at both harvest 
times (18 & 24 hr). In many cases, these values were higher than those in the positive cont1ol 
groups, which were also significantly increased. In a third trial (Table V.2), with lower 
concentrations o. fosphenytoin (125-2000 ug/ml), no significant increase in chromosomal 
aberrations was obr.ctrved at any dor..e or harvest time. However, the positive control significantly 
increased SCA only at the highest concentration and only at 1 of the 2 harvest times (18 hr) in this 
trial (met sponsors minimum criteria • ''&lid assay). 

The sponsor postulat~:d that the clastogenic effect was due to the generation of formaldehyde In 
vitro. Phenytoin wa.s reprJrtedly not clastogenic In previous studies with CHO cells (literature 
ref"rences), while formaldehyde has been reported to Induce chromosomal aberrations In vitro in 
CHO cells at concentrations as low as 5 uglml (literature reference). However, attempts to 
measure formaldehyde in cultures in the present study were unaucce11ful. Addition of 
formaldehyde dehydrogenase to the S9 would have been an altemate approach. The degradation 
product diphenylhydantoic acid, which was said to be present at 1.5 to 2% of total drug In these 
studies (prior to metabo .. :- activation), was considered unlikely to be invoived, but this possibility 
was not investigated. 

Drug lot: CM 344120 

0) MOUSE MICRONUCLEUS (RR 745--01898) 

Micronucleus formation in bone marrow polychromatic erythrocytes (PCEs} was determined In 
groups of male and female mice (S/sex/group/time) after administration of single Iv doses of 
fosphenytoin (50, 100, or 200 mg/kg). The doses were chosen on the basis of a previous acute 
iv infusion stl.ldy Showing 50 mg/k'} to be a no-effect dose and 234 mg/kg to be the combined sex 
LOSO. In the present study, clinical signs were seen at the MD and HO, but no deaths occurred. 
Significant decreases in PCE/total erythrocyte ratios were seen In HO groups, indicating bone 
marrow toxicity. Small, but statistically significant (by trend but not pair-wise analysis) increases 
in micronucteated PCEs (MNPCEs) were observed at 24 and 48 hr sacrifice times in HD animals 
when sexes were combined. The elevation in MNPCE frequency was less than twice the placebo 
contro: rate and was within the historical control range. No significant differences wertt detected 
in the analysis of Individual sex MNPCE data. The poaltlva control (cyclophosphamide) produced 
a signlftcant Increase (about 12X) in mean MNPCE values at 12 hr compared to vehicle (saline) and 
placebo (Tris buffer) controls. 
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VI) R!PRODUCTtVI! T'1XJCITY 

A) SEGMENT I STUDY IN MALE RATS (RR 7•5..V20A2, Vul 1.21) 

1. Ice•tOOIOJ 

Mate natl (._O/;'l') were doled wttr\ o. 26, TS, or 1SO mwt<a. Im, for 75 d1y1 prior to mating 
Ind throughout mating wtth un\reated fem11e1 (1:1 coh1bttltion. 10 day m1xlmum), than 
llCriftCld. An addttionat group l'lmltned untreated. F1m1le1 were •lthor uertftced on D1y 
21 of g11t1tlon (~)or 1llowed to deliver 1nd wan their offapring. 

Str•ln: Sprague Oawtey (Ct1:CC BA VAF/Plut) 
Oi&;f lot I: CM 344120 

2. Fo Q1t1 

11) Trt1tment-flf1tld cllntat 1tgn1 tnctudld Injection alt• •kin 1t11on1 1nd 1111v1tto" 
In MO ind HD m1t11. and chromod1cryorm11, comul oDaetty. 1tax11. 
hypotCltivtty. Ind proenuon In HD m11t1. Convul1,on1 were -n In 1 HD anknll 
on the ftl"lt day of tre1tment. Mecn1n1e111nJur1t1, It, d1mqed tncttor1, d1m11e 
or 1wollen no11, pal1ttn1 1t1ton, occurred only l!\ HD rate. end were thu• 
COntldtrtd tnGtrlctly T-R. 

b) Two HD 1nlm111 dlld dunno tttatmtnt, on D1y1 11 and 12. In lddttion, 2 HD 
mall• were ucrtftotd afttr 1u1t1tntng mech1ntoal lnjurte1. 

c) T·A dlcneael In aw (10 Ind 30,. In MD and HD, re1peottvety), IW gain ,·2a and 
ea~ in MD ana HD, reepeotlvely), •nd food oon1umptlon were ob11rvea In MD 
1nd HD group• during th• prem1ttng period. 

d) Mein plaama phtnytotn conoentr1tton1 on Day O were 4. 7, 11.1, and 37.3 ug/ml 
In LO, MD, and HD malt1, rt•PIOltV•ly. On Day 73. ttv• were I.I, 20.9, and 
~.i uglml In the Amt re1P1Qtiv1 gmupa. 

f) AH group• hid lower than npectld ltrtlUty lndlcea, but there were no appar-tnt 
rtt1tlon1ntp to trutrntnl 

gl Hl1topathologlo 9Vllu1tlon of th• righl t11tl1 on Day 91 rev111td no drug-Induced 
t11ttcular chang11. Thtrt w.re no algniftolnt group dlhrenoea tn t11tlcut1r or 
1cc111ory organ w1tght1, 1pk91dym11 '""" count or 1perm1ttd fl11d count. 
~ troent motiw 1rerm, or percent norm•I 1perm morphology. H1morm191 1t tht 
lnjectiOn 1111 Wll lncr11Hd In 111 tre1tm1nt group1 ,.flttvl to controt1. 

3. I•rrn SIQrtflot P•mmtt1r1 

•) A Intl lnctlUI In pre1mpt1nt1tton IOll wa1 '""In HD group lltt1r1. The mean 
value (12.5%) w11 within th• h11torto1I control "ng1, however. 

b) Th• Incidence of 1tuntld fltu11• w•• 1ncr11Hd In- HD group lltt1ra. Th•rt were 
1 fetuHI (I malt) Wttghlng ~" D In • HD Httera VI 1 ttuntld fetu• In both 
oontrot1. Thi HD lnctdlnoe of 1tuntad f1tu111 w11 Aid to bl wtthtn thl hl1tortolll 
oontrof r1ng1, 1nd group me1n BW1 were not dlfflttnt. In addition, •of the HD 
1tuntld fltu111 wert In 1 lltter with I rt101l»tl0n•. 

e) A 1t1tt1tl01lly 11gnl\'lc1nt difference In f1t1I 11x ratio occurr1d at the MD ind HO 
compared to vc, and wa out1id1 tne hl1toriGll control range. Howevtr, the VC 
ratio w11 out11d1 th• range tn tn• other dtreotton. Th• ratto of matn to ftmall1 
wu 47:53, 81:44, 13:41, 43:17. Ind .. :II for UC, VC. LD, MO, 1nd HD group1, 
r11p1ot1Yety. There were no other group dlfftrena1 In r.tal development.I 
parametera. 

37 



4. D1Uy1rv ind Oft1000.a 01y1!oom1nt1!. P1t1mJt11J 

a) There wert no tre•tmen•·ret•ttd effect• on reproductive param1t1ra In d1m1 
ltiow.d to deliver (QHtatiOn ttn;th, ut.rtne impt1nt1 on Day 21 of lactation, v11bl1 
pupa). Th•re were no group dlfferenaa in offlprtng Mk ratto• at birth. 

b) Offapnng 8W1 dunng th• llct1Uon ptrtod were comp1rabt1 1mong group1. 
Maturation (PN WHka 3·13) BW we1 allghtly dtcr1111d In HO group male 
offlprtna. 

e) There were no other group dlfftlrence1 In v•riou1 mea1ure1 of offspring 
a1v1lopm1nt, Including acqul1ltlon of d~ttlopmental llndm1rk1, rotorod 
perlormance, locomotor activity, 1mc,tlon1llty, 1aou1tlc 1tartle re1pon11, and 
1huttte box 1vote11nc1 b1h1v1or. 

8) SEGMENT I STUDY IN F!~AL! RATS (RR 145·0209?, Vol. 1.23) 

1 T[lttmtnl 

F1m1le r1t1 (•Olgrp) were dolld wfth o (v•hlole), 21, 75, or 1 eo mg/kg, Im, tor 1 e daya 
pnor to mating With untreated matel, and througt'tout m1tlng, g••tltton, and tact1t1on. Half 
of fematla underwent C·wtfon on DIV 21 of g11tetton, whU• r.t• r1matnd1r were allowed 
to d1llv1r and w11n their offapttng. 

2. fo C>•t• 

Srr•ln; 8pragu•D1wley (Crt:CC> IR VAFlfalu1) 
Druu lot I: CM ~4120 

1) T ·R cllnlcal 1tgn1 tnoluded hypoaotMty, atuiA, prostr1ttor., 11llv1Hon, chewing, 
alopiCM1, l\Wlllng of PIW or noee, chramodletyorrhH. hypJJth1rm11, cty1pn11, and 
eye ch1ng11, IMn primarily In MD and HD 1nlm1t1. AH HO 1nlm1t1 t>ehlblted 
11gn1 of n1urotoxiclty. 

b) Two HO f1m1l11 dltd and 3 were 1acrtftctd moribund during the prem1tlng 
tt'Mtment period. One MD ftmltl Wll llCttftcld moribund on Day 23 of g11tatlon 
with treatment relattd dy1toc,11. 

c) aw 1nd IW g1tn during tn• premattng pertod were d1ere11td In MD and HO 
f1m1te1. &t1ti1tlollty 1t9ntftcant weight 1011 of 18.5 g occurrld In th• HO rat1 
compnd to a,,,_., ;lin of 12.I g In VC. Molt of th• wetgnt 1011 In both MO and 
HO 1ntm1t1 ooourrtd durtng thl ftrat 9 a1y1 of treatment. During the ge1t1tlon 
p1rlod, BW gain w111lgnlftclntty dlOflllld by 7 and 40% tn the MD and HO 
group1, re1peottvely, DYl1"1 lactation, weight gal" ln tht HD ftm1le1 w11 41~ 
greater than In VC 1ntm111 -(NI). 

d) Plaema phtnytoln concentr1t1on1 on Day 7 of g11t1tlon 1re 1hown In T1bl1 Vl.1. 
e) There WM a D-A lnereue in tne number of flmlll• with prolongeo dle1tru1 tn th• 

MD and HD groupt; and 1n Inert,.. In th• number of female• with prolonged 
•1tru1 ("2 con11cutiv1 d1y1) at th• HD. Piv1 HD f1m11t1 ware In ocm1t1nt 
d111tru1 dunng tn• tr11tment pertod ind 13 were In dl11tru1on19 of 10 d1y1 of 
tr11tm1nt All HO t•m1l11 hid abnorm1I 11trou1 ~·· con1t1Ung of prolonged 
12tru1. pr~ngld dla1tru1, or 1n 11trou1 cyole length of 7 di)'•. There w11 1110 
1 O..R deore9M tn tN number of lltroul ayotn comptet9d tn MD and HD oroup1. 
There were no effectl of tre1tment on mattng or ftrttHty tndtcea, but number of 
d1y1 to mating w11 1nore1Hd (1tatt1tJoally 1lgntftcanO In th• HD group (T1bl1 
VI.I). 
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g) 
... 

Thn waa en lncr9••• in gross P•thology finding• of 1m11t thymua. Injection eite 
te11on1, 1topect1, and ocut1r 1bnorm11it111 (chromod1cryorrh1a, 1nl1rgement, 
opaclry, 1ndJor lent prol1p11) in F'O f1m1111 at necrop1y. 

T1bl1 Vl.1. Pl11m1 Ph1nytotn Conc1ntr1tton1 

Foaphenytoin 
Oo11 (mg/kg) 

25 
75 

150 

cmax 
(uglml) 

5.10 
18.7 
38.0 

tm1>c 
(hr) 

1.0 
1.0 
1.0 

AUC (0w8/ 
(u,,-hr/ml) 

17_9 
M.6 
189 

T1bl1 Vl.2. Fertility 01t1 

o (untreated) 

M1t1ng Index(%)' 85.0 
Fer1111ty lnde>C (~)' 94.7 
No. d•Y• to m1ttng 2.2i0.11 

Mlllng tnal>C • Numnar -,-..--,.. .. , ···- )( ,w 
Total Coh1btttc:t 

1 F1r1illty lnd1x • Numblr Prnn1nt >e 100 
Number Ccpul1tld 

3. Q~(ltct!QD Rlll 

f:1ma11 Fo1ph1nytoln 0011 (mg/kg) 

O (vehielt) 25 75 110 

IO.O 95.0 02.5 94.3 
11.8 02.1 91.9 90.9 
2.~ * 0.23 2.3 i 0.22 2.8 * 0.21 3.6 * 0.37 

1) Corpor1 tutea, 1mplant1, llttt1 . .11, ind Hv1 fetu111 were decr111ed and % pre· 
and po1tlmplantatton 1o .. were tnore11td '" tht HD group (111 but corpot1 lut11 
1nd pretmpl1nt1tl0n to11 1t1U1tiellly 1lgnlflctmnt oomparld to VC; T1bl1 Vl.3). 
Fetal IWI WM lfgnfbntty deottlMd In MO (7% below VC) Ind HD (50% below 
VC) liHtrl. 

b) The ov1r1tl malformation Incidence anct lnotd1nce1 of 1>etern1t1vt1c1r1t 
r1lllform1Uon1, 1xtem1Vvlteenll v1ri1tlon1, and 1kellt1t v1n1tlon1 wtrt 1ncre111d 
1n HD f1tu111 (T1bln VI.•• and Vl.4b). The percent of fetu111 ptr litter and 
percent of llt\1r1 wtth •>d1mrdlvl1ceral m11rormat1on1 w11 5· 1 O t1me1 tho11 ot 
concurrent ind hl1tortcal oor ·011. Thea m11torm1t1on1 lnoluded brtln (ml11lng 
ooolpltal lobe and m111w,.~ portton of temporal lobe, hi1tologicalty dtcre119d 
cerebral cortex •II•). "' )10Y1eout.r, limb (1etrod1ctyly), ind reproducttv• tract 
(hermaphrodite) dtflC'lo One LD f1tu1 1110 hid 1 br11n m11torm1tlon 
(mlcroclphlty wtth di~~ fourth vantrtcto and mt111ng t1tenoeph1ton). Th• effect 
on •i«1rn11/vl1Ct al i.· · ·•Uon1 w11 due to an tncreau in •tYntn fetu111; 100% 
of HD fltUlll ~ .. ~~ (IW c4.0 g). Thi numbtlr of 1tuntld f1tu111 w11 1110 
1ncre111d at ... , MD. lnr.rt•Hd tn0kt1nc11 rudlment1ry rib• 1na of hypopl11uc 
ind uno11lfl9C' X1:i•1 ,,, the akuH, petv11, 1nd v1rt1br11 column w1,.. '"" In HD 
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litters~ fn addmon, mi11hapen, bltld, and dumbbell·•h•ped cent,.. occurred more 
frequently In the MD 1nd HD group1. Slgnlftcantly decre11ed 011iflc.tton w11 
IHn in MO Ind HD fetUlll. 

4. 011iy1ry D•&I 

I) Pltturttion Wll lignlflcantly d•layld In th• HD group. FIY• HD fem•I•• dellv•red 
live litterl on D.y 2_. of gutatlon w 1 alxth delivered 1 cannlballztd pup on Day 
24. Th1'91HDand1 VC femalel were •crt~ after failing to deliver by D•y 24, 
and live pup1 were found In utero. One 1ddition11 HD dam aacrtftctd "" Day 24 
hid total litter r910fl)Uon. One MO dam wu ucriftcad mortbund during Pll"urttlon, 
ind 1 LO dam had retained placenta and fetu"' at necrop1y on Day 4 of 
l1ct1tton. 

b) lmpl1nt1, Utter 1111, and number of llv• pup• were atgnlftcantty decre11ed and 
po1t1mpl1ntatlon loaa algnlbntly lncrt1Md •t the HD (T1bl1 VI.I). 

C) Pup birth weightl Wlrl deortllld In HD lltt•rl. Po1tn1t1I BW g1ln through WHk 
4 waa decro11ea In MO and HD offlpnng. 

d) Po1tn1tal aurvival waa decn1Hd In HD offapnng, 11pect111y 1n th• nton1t1I 
penod (1urvlv1I 83% v1 98% tn controla). 

1) Cllnlc1I ob11rv1tlon1 of chromod1cryorrh•t1 (9 pupa In 5 llttert) 1nd circling (1 
pup) were mlde onty in HD oftlpnng. Eye optnlng wu ligniftolntly delayed in HD 
offapring. There were no grout: difference• in extem11 or viaceral m1tform1tton1 
1mong F1 neon1t11, 
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Table Vl.3. Ca1nrean Section Data (group meant SE) 

-

Fosphenytoln 0011 (mg/kg) 

O (untreated) O (vehicle) 25 75 150 

Number of Litters 17 18 17 17 16 

Corpora Lute• (no.) 16.6 :t 0.47 15.8 t 0.46 16.1 :t 0.44 16.8 t 0.62 14.8 :t 0.73 

Uterine Implant• 14.8 i 0.88 14.6 t 0.83 1s.e * o.43 15.4 :I: 0.60 12.8 t 0.79 

Live FetuHI 13 7 :t 0,91 13.8 t 0.88 14.8 :t 0.48 14.0 :t 0.76 10.0 :t 1.12 

Re1orption t 1 :t o.i1 0.9 t 0.27 1.0 :t 0.23 1.4 :t 0.41 2.8 :I: 0.71 

Litter Size 13.7 :t 0.91 13 6 t 0.88 14.8 t 0.48 14.0 :t 0.78 10.0 :t: 1.12 

Prelmptantatlon Lo11 (%) ~.6 t 1.58 8.8 t 4.02 3.2 :t 1.12 a.2 t 2.eJ 13.7 :i; 3.!58 

Po1t1mplant1tlon Lo11 12. ~ .t 5.34 e.e t 2.14 e.e :1: 1.49 9.5 :t 2.&4 23.5 :i: 6.05 

Fet•I Body Weight (g) 
5.1 t 0 06 5., :t o.ga s.1 z g.oo 

1 
4.8:t0.11 2.8 :t 0.21 Male 

Female 4 a :t o.oe 4 g i o. _ 8 4.9 :t .07 4.5 :t 0.12 2.4 i 0.22 

T1bl• Vl.41. External ind Vl1cer11 Findings in F1 F1tu1e1 

Dose (mg/kg) 

untre1t1d vehicle 25 75 150 

No. of f1tu111 elCamined 247 218 248 243 1se 
No. of litter, e>e1mtned 17 16 17 17 1e 
M11form1d etuHs (litters) , ( 1) 1 ( 1) 3 (3) 0 (0) 6 (5) 

M1lform~tion11 
Anop thalmla 1 ( 1) - . . ~ 

Brain • malformed a . 
~ f H 

. 1 ( 1) 
Aortic arch • 1teno1t1 - . . -

- interrupted . . - . 
1 ~1 

~ retroe•orh•~··' . . . - 1 1 
lnterv1ntrlcul1r ••pta de ect . . . . 1 ' 1 
Eetrodactyly . . . - 2 ~1 Hermaphrodite . . - . \ 1 
Situs inv1r1u1 - 1 ( 1) . H -
Tail • thread-like . . 1 ( 1) . -

vari1tton1 
Brain - dilated v1r1trtcle1, 11tght 

mi 
. . . . 

Hem1tom1 • ventral a1pect . . . .. 
Kldn1y • dllat1d rctvll 2 2 11 \6) ~ ~~J -

• reduce p::lll• & dilated pe1V11 7 3 4 2 1 (H 
Liver · lobulattd lo . 1 1 - . . 
Stunted (<4.~) I iii 21 2 18 ff/ 2~ \~~ 155f16) 
Ureter - dllat 8 4 4 3) 

41 



.. ' T1bl1 Vl.4b. Skeletill Findings in F 1 Fetuses 

-· 

Dose (mg/t<g) 

untreated vehlcte 2& 75 150 ---
No of fetuses examined 171 149 173 162 105 
No. of httert examined 17 18 17 16 15 
Malformed fetu1e1 (llttert) 3 (2) 0 (0) 1 (1) 1 ( 1) 3 (2) 

Malformation a 
Oigit1 

- ectrodactyly ~ - . - 2 (1) 
Ribs 

- malformed - . . 1 (1) . 
• ~enHll . - . . 1 ( 1) 

Vertebra column 
• 1 le11 pre11cral vertebrae 3 (2) . 

l!ll . 2 (2) 
• agent1t1 . . . . 
·malformed . . - . 

Van1tlon1 
Limb1 

• calcllneu1 0111fled 7 (~) 2 (1) e (3) . . 
Pelvic girdle 

• uno11ifled . . . . 20 (7) 
- hypopl11t1C . ·~ . . i (4) 

Rlbl 
·WI~ . 

iii! 
. . . 

- 1ho l11t mi mi mi 1~ <tJ) - extra rudimentary 
- extra cervical , ( 1) 

Skull 
• hypopl11t1c - 2 (1) , (1) . 

24 ~7~ ~ uno11lfled 2 (2) . . - 10 ~ 
Sternum 

Vert~b~~Y':i'~,W; 
. , (1) 1 (1) . . 

- extra preaacral v1rt1br1e mi . - ,~ ((~) 1 ~ 1 ~ 
@ m111h1pen centra ~ l~~ ~ f~J • blfld c1ntra 8 ('t) 1\ ~! - hypopl11Uc arches - ~ - . 20 6 
• ,,~ur• H·•h•ped cenr . 

2~<No, 1~ <(y) 4 (~ e\<p4l - u 0111 ed ventral tu ercte 28 (12) 25 (.) 
• caudaVnecral vertebrae uno11lfled . . . - 27 7) 
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T1bl• Vl.5: FO Dam Delivery~ Maternal and Litter Parameters• 

Treatment Untreeted Vehicle Fo,phenytoln (mg/kg) 

-- ~ 
Doae 0 2e 75 150 

___.__ __ 
Gestation dur1tion (days) 22.2 :t 0.10 22. 1 't 0.07 22.1 t o.oe ~6·3:1:o.11 23.8 J: 0.22 
No. femai11 In subgroup 20 20 20 18 
No. grovld 18 18 18 17 14 

4 2 3 4 No. nongravld 2 
No. w/ t tat re1otf tlon 0 0 0 Q 1 
No. aacnficed G 24 0 1 0 0 3 
No. aacrtflced monbund 0 0 0 

17° 
, 0 

No. wl viable litters· 18 15 1~ 10 
Liveborn 14.o t o.3e 14.4 t 0.54 14.1 :t ~.67 1 .8 :t 0.9, 8.9 :t 1.61 
S.tlllbornld11d Dey O 0.4 t 0.14 0.3 t .15 0.2 t 0.13 0.4 t 0.1 0.5 :t 0.27 
Litter 11Z• 14.g :t ~.51 14.4 z 0.87 14.2 ;t O.j8 14. 1 t 0.97 9.4 t 1.51 

15.0 :t 0.73 1s.e to. e 1,;.o :t o. aa 11.9 :t 1.35 Implant 11t11 
Po1timplant1tlon 1011 (%) 

16. * .91 
11.3:t. 7 5.3 :t 1.82 9.5 t t85 7.8 :t 1.65 28.6 :t 9.22 

: ~~8t&~1f'a~Mft tWR;{&iii,iRt\ pup1 ind retained f1tu111 In utero. 

C) INTRAVENOUS TERATOLOGY STUDY OF FOSPHENYTOIN IN RATS (RR 745-01973, Vole. 
1.25-28). 

1. Irutm•nt 

Pregnant r1t1 (40/group) were treated with 0 (~•hlcle). 10, 50, or 100 mg/kg, Iv, on 
gestation 01y1 7 through 17. An untreated control group (N•40) w11 evaluated 
concurrentty. Ca1tctlon1 were performed on 25/group on Day 21; the remaining 15/group 
were allowed to deliver and rear otflpling. At w11n1ng, 1/11x/nttt1r were r1t•ln1d for 
behavioral evalu1tion. and 1/HxlUtt•r we~ retained for ev1lu1tlon of reproductive 
performance. 

Strain: Sprague Dawley (Crt:CO BR VAF/PIUI) 
Drug lot #: CM 344120 

2 EQ Ettect1: 

a) T·R cUnlctJ llgna, tnaudlng 11liv1tlon, chewing mot1cn1, hypoeotlvlty, ataxia, and 
limb rigidity, were noted In HD d1m1. S1llv1tlon waa 1110 1Hn In MD dam1. 

b) Four HO d1m1 died during treatment (2 doting accidents, 2 po11lbly T-R) and 
1nother w11 euthanlzed due to broken llmb1. 

c) Gestational BW gain w11 d1cr111ed during (380/o) 11'\d following (18%) treatment 
In th• HD group. 

3. M•t1ro11 Rl••m1 11v111 

Mean pla1m1 phenytoin concentrations me1aured 1 hr pa1tdo1e (le, not peak) on 
g .. tation Day 17 lncreaHd approximately doae-proporttonaHy (Table VI.I). One Nmple 
from a vahlele control hid meaaurable phenytoln teveta, for unknown rea10n1. 
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Table Vl.6: Matemal Plasm.•i:1rug Levels 

l'reatm•nt Vehicle Fo1phenytoin 

Doe• (mglkg) 0 10 50 100 

No. Dims 5 5 5 

Phenytoln concentrmtlon (ug/ml)' 0.26 :t 0.56 4. 10 :I: 0.56 24.0 t 1.62 43.3 :t 6.27 

•Mein i se~ ilmplii tiRln IDdut 1 nr poitaotl on giltltlon 019 11 

4. ~·Stctloo 01\1 

Term fttu111 were examined for e:ctemal and pal1tin. 1bnorm1Uti.1. All fehJltl were then 
examined by fre1h dl11ection for vl1cer1I 1bnorm1litle1, and 1kelet•I examinations were 
performed on 2/3 of the fetu1e1 from each Utter The h11d1 of the other 1/3 were fixed 
and 'lx1mined for rbnormalltl11. 

a) Po1timi.>lant1tion loH wa1 lncrea11d about 2-fold In HO d1ma compared to 
concurrent and hi1torical control1. 

b) Mean fetal BW w11 decrea1ed (30% below VC) In the HO group. 
c) lncre11ed lncld1nce1 of 1k1l1tal malfC'rmations (alight; prim1rlly h1mtc1ntr1), 

extemaVvlaceral vanatlor.~. and 1k1l1tal vari1tlon1 were ••n In HO lltt•ra (T1bl• 
Vl.7). The lnc.reaM In vanattona wa du• to 1 marked incr•••• in growth retarded 
fetu111 In HD Utters: 80% of HD fet•Jlll were 1tuntld (BW <4 g). 

o. Qlliyery Dita 

a) The duration of g11t1tlon w11 1lgnlfloantfy increa1ed in the HD group. 
b) Po;timplantatlon 1011 w11 ellghtly Increased 1t the MO and HO (Table VI.I). 
c) Birth weight• were 1lgnlftcantly decre111d (10%) In HD m1l11 and female•. 

'Nelght gain w11 comparabfe among groups during lactation, but weight gain from 
wHk 3 through 13 and mean weight• at week 13 were decrea11d in all treated 
male offspring (5, 8, and 1S% IHI than VC, all 1tat11tically 1ignlficant) and in HD 
female offlpnng (7%, NS). 

d) Vaginal opening was det1y11 in MD and HD female pup1. 
1) Two llttermat11 In the HO group exhibited abnom.I circling beh1vior, and 27 pupa 

from 8 HD llttera and 1 MO pup had chramodecryoi'rh11. Both have previou11y 
bten 11aoci1ted with prenatal phenytoln expoaure. One of ~he HD clrc:lera later 
died (P 23). 

f) Locomotor activity w11 increased In HD m1l11 on P ,.2: however, thl1 w11 due to 
the incr1111d activity of a tingle HD pup. No group differenc11 were found in 
acou1tk; startle parametera on P 43 or 1n 1hutt11 avold1nc1 p1r1m1t1r• during 
week 9. 

g) Aeproducttve parameter1 were comparable among ~1 groups. 



Table Vl.7: Incidence of Feta1 ~alformations and Vari1ticn1 

Treatment Untreated Vehicle Foaphenytoln 

Dose (mg/kg) 0 10 50 100 

No. fetuselllltters 32e124 298123 323/2~ 337124 244/20 
examined 

No. tetu1elllltt1ra 2/2 212 1/1 3/3 61! 
with malformations 

Percent fetu1e1 per 
litter with:• 
Ext1vl1c m11format1on1 0.6 :t 0.43 0.8 z 0.40 0.3 t 0.31 0.3 t 0.30 0.7 t 0.50 
Skeletal malformatton1 0.9:t0.81 O.w t 0.80 0 0.8 :!: 0.!55 2.9 ± 1.39 
ExUviac vartatlona 6.3 :t 1.85 10.7 :t: 3.13 5.4 t 1.74 3. 7 :t 1.18 88.8 :t 7.79 
Skeletal varlatlon1 29.0 :t 5.86 21.0 :t 4.02 24.5 t 3.44 24.0 :t. 4.28 54.2 t 7.25 

Percent littera wtth: 11 

Ext/vise malformatlona 8.3 8.7 4.0 4.2 10.0 
Skeletal m11formatton1 8.3 8.7 0 8.3 20.0 
Extlvlac varlat1on1 41.7 52.2 44.0 37.8 90.0 
Skeletal v1rt1tlon1 70.8 89.8 88.0 91.7 95.0 

*Mean£ SE 
b Group mean 

T1bl1 VI.I. FO Dam Delivery ~ Maternal and litter P1r1m1tera1 

Treatment Untreated Vehlclt F 01phenytoln 

Oo1e 0 10 eo 100 

No. delivered: 
Day 20 0 1 0 8 8 Day 21 2 0 2 
Day 2l 12 12 1t 13 3 Da~ 23 0 0 1 

Ge• at1on duration 21.9 t 0.10 21.8 :t 0.15 21.9 t 0.10 22.1 :t 0.07 1'4:t014 

No. tema1e1 In aubgroup 15 15 15 15 15, 
No. Rravld 14 15 15 14 15 
No. onR:•vld 1 0 0 1 0 
No. wl 1 plant• only 0 1 1 0 0 
No. WI viablt litter• 14 13' 14 14d 14d 

Llveborn 13.8 i: 0 35 13 4 t 0.21 13.9 t 0.42 1~ 1 t 0.94 1?.4:i:0£B 
Stillborn/dead Day o 0. 1 * 0.07 o., t g· 1f 

0.4 :t 0.14 .e :1: o.2e C15:t0.ZS 
Litter 1ize 13.9 t 0.35 a: : :i 14.~ :t 0.4g 12.1 :1: o.g3 129±070 
Implant 1ite1 15.1 ± 0.32 14._ :t 1.0 14.4 :t 0. 8 141:tOS 
Po1tlmpl1ntat1on 1011 (%) 8 4 t 1.89 9.0 t 1.81 8.3 :i: 1.58 13.e t 4.eo 1l0t2!D 

• Miln it BE. wniti •:ipll"CIDll 
" Include• 1 animal th t died during tre1tment 
c: Exclude• 1 dam unable to deliver, 1acrfficed on D•i 24; 1 f1tu1 In uteru1 
d Includes 1 dam with litter 1ize ~8; excluded from g oup m•an calculatlon1 
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D) INTRAVENOUS TE~A'rOLOGY STUDY IN RABBITS (RR 745-01931, Vol. 1.27). 

1. Treatment 

Pregnant rabbit• (20/group) were tre1ted with o (vehicle), 10, 25. or 50 mg/kg, Iv, on 
gestation Daya 6 through 18. An untreated control group (N•20) was evaluated 
concurrently. C-1ection1 were performed on Day 30 of gestation. 

Strain: New Zealand Whit• 
Drug lot #: CM 345120 

2. EQ Etr1ct1: 

1) Chewtf1Q 11gn1 dunng or •fter doting Wll'fl obaerved In MO and HD anlm•I•. 
Additional 1ign1 that occurred dally durtng treatment in 1 or 2 HD doea Included 
ataxia, limb rigidity, 1nd shallow rapid br11thlng. 

b) None of the tr11tld or control 1nlm111 died during the 1tudy. 
c) 0-R 1uppre11lon of food con1umptlon and BW gain w11 evident dunng th• 

treatment penod in MO and HO don (1tati1tlcally algnlficant at HO). SW g•ln w•• 
algnlftcantly lncreaaed In HO doe1 dunng the po1tdo1in; period. 

d) Mun plaama phenytoln concentret1on1 m•••'-'red 1 hr po1tdo11 on g11t1t1on day 
18 Increased lpproximatety do11-proportk>n1lly (Tabl• VI.I). HO l•V•I• were 1. 5 .. 
3. 5 tim•• th• generally acoepted range of th1r1peutlc concttntratlon1 ( 10·20 
ug/ml). 

Table Vt.I: Maternal Plasma Drug Level• 

Tre1tm1nt Vehtcle Fo1phenytoi'1 

Do•• (mg/kg) O 1 O 25 50 

No. pregn1nt an1ma11 5 5 4 4 
Phenytoin concentratlor, \Ug/ml)• O 7, 1 :t 1.3 17.5t1.3 35.0 ~ 1.5 

No. nonpregnant o O 1 1 
Phenytotn concentration (ug/ml) O O 22.1 39.2 
~n ± SE; 1ample1t1ft1n160ut 1 hr poltdoll on glitltlon Osy 18 

3. RIQ.CodYCttvt •Dd Ettl! P1r1matar1 

1) None of the anlm1l1 abOrted, delivered 11rly, or had total re1orption. 
b) The numbers of corpora lutea, implantatton 11t11, live, d11d, and r11orbed fetu1e1 

w.. comparable llCfOll groups. Pre- and postlmplantatlon 1011 war• not 1ffected 
by tre1tment. 

c) Fetal weight• were alightly dtcre11ed at th• HD. 

4. fetal Ev11u1t1on 

There wttre no group dlffer1nce1 for 1xtem1I, vttceral, •nd 1kel1tal m1lform1tlon1 or 
variation1. 
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E) PERINATAL-POSTNATAL STUDY IN RATS (RR 145-02071. Vol. 1.28). 

1 Jmaimeru 

Female rats (25/group) were treated with O (vehicle), 2!, !SO, or 100 mg/kg, iv, from Day 
15 of pregnancy through Day 20 po1tp1rtum. An untreated control group waa Miao 
included. The dama wire allowed to deliver and rnr offlprfng. F1 offlprtng were 
evaluetld for 1urvlv11, clinical 1ppe1rance, growth, beh1vlor, and reproductive 
perfonnanct. 

Strain: Sprague Dawley (Cr1:CD BR VAF/PIUI) 
Drug tot #: CM 345120 

2 EO Effecll: 

a) Clinical 1ign1 ob1erved with tncre111d frequency In tre1ted fem1l11 (prtmerlly at 
HD) includtd •xc111lve chewing motion, llllvatlon, hypo1ct1vtty, 1text1, and 
proatratlon 

b) One MD and 9 HO d1m1 died or were 1acrincac:t moribund during doting, all 
11pp1rently 11 a re1ult of treatment. On• VC dam died of unknown c1u111. 

c) M1t1m11 BW gain during th• g11taUon1I trutment period w11 atgntftcantty 
decrMMd (-18%) by the HD. Wetght gain dunng the ftrat 2 Wffk1 or lactatlon w11 
al10 1uppr11Hd et th• HO (·20·30%), but overall 11ctatlonal weight gain w•• 
oompal'lble among groupa. Food conaumption waa decre11ed during the entire 
treatment p1rtod In HO d1m1. 

d) Mean pl11ma phenytoln conc1ntrat1on dttermintd 1 hr 1ft1r doting on the laat 
day of treatment (PND 20) were 8.87, 12.7, and 29.2 ug/ml In LO, MO, and HD 
groups, re1peot1vely. 

3. Pt®r!t\on (Table Yl.10) 

a) One MO and o HD dam1 died around the time of panurltlon (GO 22·23). All were 
found to have f1tuH1 In utero, 1nd •II d11d HD dam1 h1d re10rptlon1. 

b) 'A 1tati1tically 1lgnlftcant lncreaH In th• duration of g11t1tlon waa aeen In th• MD 
and HO group1 oomp1rtd to vehicle control•. 

c) The number of 1Ullbom pupa or pupa that dlld on po1tn1t1I Day 0 ind th• percent 
po1tlmpl1nt1tlon 1011 were incre11ed In 111 treatment groups relative to VC; the 
1ncre111 In 1tlllblrth w11 1t1tl1t~lly 1lgnlftc1nt at the HO. At the LO, thl• finding 
w11 due to 1 litter with 17 dead pups. 
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Tablt Vl.10: FO Dam Deliver'; : Maternal and Utter Parameters• 

Treatment Untreated Vehicle Fosphenyto1n 

Dose 0 10 50 100 ---... ....... "---
No. d.:-hvered: 

Day 21 2 0 1 0 0 
Day 22 15 21 16 12 3 
Day 23 5 1 6 10 15 
Day 24 0 0 0 0 1 

G11t1t1on duration• 22.1:t0.12 22.0 t 0.05 22.2t0.11 22.5 :t 0. 11 22 g :t a. 11 

No. mated females 25 2~ 25 25 25 
No. gravid 22 24 22 23 24 
No. nongravid 3 1 3 2 1 
No. dying/11crtflced 
prior to delivery 0 , 0 , 5 
No. dying postpartum 0 0 0 0 4 
No. of viebl• lltttf'I 22 22 22 22 19 
No. with total da1d litters 0 0 1 0 0 
No. with total re1orptlon 0 1 1 0 0 
L1veborn• 14.2 :t 0.85 15.3 :t 0.41 13.6 t 0.87 14.8 t 0.62 138:0.92 
Stlllborn/dtad Day o 0.2:t:0.18 0.2 :t 0.08 1.0 :t 0.78 to :t o . .-e 1.4 t 0.72 
Litter 11z1 14.S t 0.85 15.5 t 0.41 14.e t o.59 15.5 :t 0.43 15.2 :t 0.5Q 
Implant &ltee 15.8 t 0.70 16.7 :t 0.38 1!.6 t 0.56 17.2 :i: 0.26 16.4 t 082 
Po1t1mplent1tton 1011 (%) e.e :1: tee 9.0 :i: 1.82 12.6 :t 4.55 14.3 :t 3.38 16.8 ± 4 !5!5 

• Miin t SE 

4 F 1 Nt001t1t and W11n!lng Param1t1ra 

a) Survtv11 at birth w11 d1erea1ed In 111 tr11tmer'1t group1, and waa 1t1t11t1cally 
1lgnlflcant at the HO. Sub1equ1nt 1urvlval w11 not 1ft1ctld by treatment. 

b) Offlpnng BW at birth and po1tn1t1I w1lght gain through w11n1ng were dtcr••••d 
( 10% compared to VC; 1t1t11t1cally 1lgnlflC11nt) in HO m1l11 1nd t1male1. Th11 
etftot on pup BW at the HO peral1tld into tne maturation period (below) 

c) Several developmental landmaf'1(1 (pinnu Mtachmtnt, lower Incisor eruption, and 
t11tu deacent) appeared algn1ftoantly earlier In treatment groupa than tn controls 
Thia Oln be lttrtbuted to their lnerealed time of In utero development There wttre 
no group dltt1r1nce1 for •Y• opening and vaginal opening. All pup1 r11pond•d 
po1ltlv1ly to th• vi1u1I placement t11t on PNO 21. 

d) In external and vl1cerel exam1n1t1on1 p1r1orm1d on 1tillborn, dead, and pupa 
uortftcld at weaning, malformation were found In 1 untr11t1d control pup (patent 
ductu1 1rt1r101u1) and 2 HO pupa (unilate ... 1 for1p1w brachydactyly; 
microphthalmla, mlcro1tomi1, 1hort tail, and malformed no1e). 

a) StNctural variation• of the ureter and kidney were increased In MD and HD llttera 
compared to C. At th~ MD, 1lmost all ob1•rv1t1ons camr. from 1 litter. In th• HD 
group, flndlnga were prtmanly from 2 littera. All kidney/ureter ver11t1on1 w•r• 
obtel'\lld tn pupa from dame that died during lat• g11t1t1on. 
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5. E.LQffsoriag 1t•h•vior 

a) Rotorod per1ormance w11 comp1rabl• among groups. 
b) Treated mal• offlpring were different (NS) from controls on several me1&ures of 

activity on PND 42: total di1t1nce traveled dunng minute 2 wa1 incre1Md by 13% 
in LO and MO malts and by 41% in HD m1le1 and was elevated by 21%, 27%, 
and 32% during minute 3 In the LO, MO, and HO groups, reepectively; average 
speed w11 elevated 14~20% at the HD for minut11 2~. rel1ttve to VC; vertical 
movements dunng minute 3 were lncre11ed 29, 19, and 40% In LO, MO, and HD 
males, re1pect1v1ly; vertical time was 1ncre111d 33 and 70% during minute 2 In 
MO and HD malea, reapectlvely, and during minute 3 w11 elevated 41, 39, and 
52% In LO, MD, and HD mal11, re1pecttvety; and the amount of time spent In the 
center of the open field waa 38% i.11 In HO matea. Increased activity hay been 
reported prevloualy In r1t1 prenatally e>Cpoaed to phenytoln. 

c) Re1ult1 of acouatlc 1tanl• t11tlng on PND 43 Indicated no T·R dlff9r1nce1 in 
atartle re1pon1e. 

d) lncre1111 (NS) In shuttle box avoidance responding, recall t11tlng, and number 
of cro11lng were ob11rved In MO and HD m•I•• relative to VC during postnatal 
WHk 9, pr11um1bty 1econd1ry to hyperactivity. 

e. f 1 Ott1"nng M1tur1Ugof 1ram1t1ra 

a) Weight gain over PN weeks 3-13 and BW at 13 weeks were decreased (o-100/o) 
1n HD mal11 (algnltlcant) and female• (NS), 

b) Reproductive performance of F1 animal• wa1 comparable among groupe. 
AJthough corpora lutea were 1llghtly decrea1ed In HD females at t•rm, the value 
wu wfthln the ht1toncal control range. An tncre11ed Incidence of 1tunted fetu1e1 
wa1 found In littera bom to HO group F 1 female• 1t term 11critice, but the number 
of affected lltttrl w11the11me 11 in the control group. 
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... 
VII. SUMMARY 

PHABMACOQYNAMICS 

In the tnltial pharmacological ev11u1tton by NINDF io1pi1~ ~JtOln •hawed ;OOd anttconvulunt .ctMty In the 
MES test but, 11 expected, wa1 not active •n th• ICMET te1l ActiVlty 19aln1t MES-tnduoed utzure1 waa 
equ1v11ent to that of phenytoin after Ip and oral ldmlnl1tr1tion (Table 1.1). Fo1ph1nytoln dl1played 1llghUy 
greater to)(iclty (Rotorod T080) t'ft9r Ip adminl1trltlon, po11lbly due to more ,..Pkt abaorptton. Tht 
antlconvulunt potency of to1pht'lytotn 1g1ln1t MES-Induced u1Zure1 In mice wae not 1tgnlftcantJy different 
than that or phenytoln either 1 o or 30 minute• after Iv dosing, and th• time coura11 of anticonvulunt action 
were comparable for the two drug1 (Table• 1.1 and 1.2). 

The abtltty or foaphenytoln to revera• cardiac glyco•ld•lnduced armythml11 In Intact ctoga waa almUar to that 
or phlnytDin vmen the two druga were .mntniltered lntr1venou1ly, •tthouth phenytotn re1tored normal rhythm 
marginatty ruter. In 1n In vitro preparation, It wa1 dltermlnld that th1 prodrug had no Inherent 1nti1rrhythmtc 
effect. 

In 1 1tudy comparlng th• hemodynamlc errtcta of Iv lnfu1lon ot equlmolar amountl or to1ph1nytoln or 
phenytoln to 1n11thettzed dog1, both drug1 produced marked reductlon1 In blood pre11ure, heart ratt, end 
left ventrtcular conncttlity. When equtmo11r do1e1 of th• two drug1 were rapidly lnfuffd (40 mg/kg P& over 
2 min), changea in CV parameter1 were 1imilar but 1omewh1t rnort pronounced 1fter fo1ph1nvtoln th•n 1fttr 
phenytoin. Thi onset of actton wa11llghtly delayed by fo1ph•nytoln admlnlatrltion, 1nd CV 1ff1Ct1 appeared 
to correlate with pla1ma phenytoin level• (l'lgu,.. 1.1-3). Whtn tower equlmot1r dou1 (21 mtlkO P!) of 
foaphenytoin or phenytotn were lnfuaed over 15·30 min, tilt maximum effects (reductkmt In dla1totlo IP •nd 
contractility) were comparable and were ob11rvld 1t •lmllar plaama l1vel1 of phenytoin (l'llurw IH). Th• 
maximum errecta of fo1ph1nytoln appeared to be prim1rtly determined by tht totll cto111'8ther than the rt:a 
of ldminlltration. At timn When ptuma llvefl or both toephtnytoln and phenytotn (formed from fo1ph1nytoln) 
were high, etfecta were not greater thin tho11 ... n at comparable lev111 ot phenytoln atone; therefore, It did 
not appear that fo1ph1nytotn had any 1lgnlftcant hemodynamtc efteotl ot ttl own In vivo under the condition• 
of thl11tudy. Hawevef, under in vitro condltton1 In which IH1 then 1% ot phenytotn we• prennt, fo1phtnytoln 
(EC~OIMl3 ug/ml) had a cardiac d1pr1111nt effect 1lmlllr to that ot phtnytoln (l!CS0-27 ug/ml) In 9uln11 PIO 
left atrial preparations (Figure L7). No aueh lntrin1tc activity ot fo1phenytotn wt• '"" In gutn11 pig right 1tr11. 

Fosphenytoln we11hown to reduce brain d1m1ge In 11v1ral model• of l1ch1mlo 1trok1, but did not protect 
against NMOA .. lnduced brain d1mag1. 

AQME 

Absorption •nd Pharmacoklnetlc1 

Slngle-do1e- 1tudle1 were performed In rats and dog1 to compare fo1phenytoln and ph1nytotn 
ph1rm1ookinetiel following Im and iv edmt,,lltration. Pe1k blOOd leYell of phenytotn were greater (&·told) 
following im adminl1tratton of toaphenytoln ( 11 S·SOO mg/kg) to rata than aft•r Im admlnl1trat1on ot phenytoln 
(equimoler), lndtcattng that prodrug 1dmlnl1tratlon 1igniflcantty enhanced phenytoln blo1vail1blllty. 

After 1n iv do• of 14.8 mg/kg of fo1ph1nytoln (equlv11tnt to 10 mg/kg of phenytoln) to doge, foaph•nytotn 
t1/2, Vd, and AUC va1u11 averaged 2.e min. 150 ml/kg, 1nd 255 ua·mln/ml, r.1pecttv1ty. The Cl of 40.2 
ml/min/kg approximated hep1tic bk>od flow, whtch would be ~nailtlnt wtth metaDoll1m to phenytotn by 
phoaphRIHI In kidney and llver. FOlpMnytetn wn not detected In blood at 30 min po1tdoH. Peak phenytoln 
levell (mean 8.98 ug/ml) were relCMd at 3.3 min, wtth the formation t1/2 averaging 0.42 min. Durtng th• flrtt 
30 min after 8dmtniltration of plienytoln, phenytoln level• were higher thin aftl; ldmlnl1trltton of 
foaphenytotn, but thert1ftar. level1were1imllar. The 1Uminltton t1/Z, Cl, Vd, and AUC of phenytotn were ftOt 
ai;nificantty dift9r9nt lftlr tv admlnlltrlflon or toaphenytoln or ph1nytoln IOdlum (Table 11.1 ). Th1 blo1v1ll1blllty 
of phenytotn after Iv fo1phenytoin ndminl1tr1Uon averaged 87%. The metlbollo eUmlnation pattem Wiii not 
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different after Iv prodrug, wtth the m-HPPH glucuronld• con1tttuttng th• m1Jor urinary metlbollt• and 
1ccounttng tor 1pproxtm1ttty tht .. mt % of th• dou (515%) •ftlr ldmlnlanaon of tither drug. 

Aft9r Im ldmmiltnltion of fo1phtnyto1n (14.1 MOlkO), folph1nytoln level• reached 1 mean peak of 20.-4 ug/ml 
et 10 mtn (Tabtl tt.S). thtn rapidly decre•lld 1ucn th1t foaphenytotn wa1 not d1tectabl11n p111m1 •fter -120 
mtn. The ablorption and etimlnation t112 valuet •*'Old 3.2 and 17.4 rntn, ra1pecttvety. Th• 1ppe1raM1 of 
phenytoln tn the ptaama wn fMtV rtptd lftlr Im ldmtnt1ntion of fo1ph1nytoln. Th• form1tton t112, Cmax. and 
mu tor_,. 24.7 min, 8.1 ug/ml, and 71.9 min, N1ptettvety (Table H.1). Th• coneapondtna valuel after Im 
ldminilnlion of 1n equlmolar do•• of phenytoln were 11.4 min, 2. 18 ug/ml, 1nd 91.1 min for the 1b1orptton 
t1'2, Cml)(, Ind tmax, ~. The enm1n1tton t112 1nd 1pp1rtnt volume of dl1trtbutton of phenytoin •fter 
folphenytotn ldrnlnlllratiOn avngad 184 min and 1011 mUkg, mpeoMty, which were atgnlftcantty dlfferent 
than corrnponcHng value• of 389 min 1nd .tOH mllkg, f'HplOtlvely, obtained after Im ph1nytoln. Th11a 
reeuftl are conMtentwtth precipitation of phenytotn 1t 1''9tnjlOtion11t1, Wlth alow ralull lnto the Ck'outation. 
The AUC valuel obtlNd aft9r ldmuNlhion of phlnytotn wef'I 1ubltlnti1tty tower thin phenytoln AUt:1 aftlr 
fo1ph1nytoln, Indicating that th• bto.vallablllty of phenytOln 8dmlnl1t1red •• folphenytoin wea tncrnlld 
comparwd to phenyU>tn IOdlum after Im ldmlnletratton, Fo1ph1nytotn waa complltely 1b1orbld after Im 
1dmlnl1tr1tion of a dou of 14.1 mg/kg (10 mg/kg PE) to doge (T1blt 11.3). 

Th• 1xpo1ure to ph1nytoln following Im ldmlnl1trltlon of fo1ph1nytojn (14.1 mg/kg) to dogt wa11111nti1lly 
"" 11m1 11 that after Iv ldmlnl1naon or th• prodrug (Tillie HA), Altho\lgh th• r1te of cunveraton to 
phenytotn wu llower aft« im l\an IY folphtnytotn, and time to peak pt11m1 phtnytoln 19vtl wa1 longer, other 
phenytoln p1rem1t1ra (Cm1x, 1llmln1tton t1/2, Vd, Cl, 1nd AUC) Wirt 1Qulval1nl 

l'ro,.in llndlng 

In vitro binding of (14C)-folphenytoln to dug 1nd human pl11m1 protein• Wit 11 .. 111d by ultrlftltrltion. 
Binding of 20 ugJml to dog and human pl11m1 protttn1 1veraged 91.3~ and 91. 7'4, re1pecttvely. Albumin 
accounted for 88% of th• fo1ph1nytoln blndlng to human p111ma ptottln1. Phlnytoin binding dtcreaatd Wjth 
tncr111tng fo1ph1nytoln ooncentr1tton1. At a OPH concentration of 5 uQlml, "'' frH fraction of ph1nytoln 
tncJUlld from 4 to 11" ~ 1\9 folphenytotn GOl'IOll'I....,,.. tnoruHd from '1 .8 to 500 uglmt. Tntu rt1u1t1 
tndlOlte that at high concentratton1, fo1ph1nytotn may 1nh1ne1 th• pharmaootootcal or toxlcolOgloal effecta 
of phenytotn by dtaptaotng DPH from tt1 blndtng 1tte1. 

Drugi highly bound to albUmin, luch 11phenytbutazone,1ulflaoxuoll, or wartartn, can dlaplace foaphenytoln 
from binding 1lt11 on 1lbUmln. When toxic aoncentrltton1 of AID• 1uch u PHI, DPH, or VPA wtre lddld 
to pl11ma, th• dNO• 1tgntftcanUy 1nor11Hd (1·20~) tht frH frlolon of to.~h•rttoln. DIU1pam, phenytoln, 
and carbamueptnt 1t 1 ooncentrltion of c 1 O uglml dtd not china• tna trw f1-..cuon of fo1ph1nytotn. 8tnce 
fo1ph1nytoln h11 tltUe lntnnatc pharmtCOIOglcal effect, tht oh9n191 In frH frlotion 1nould hive no cllnlcat 
1lgntfloenct. Addtuon of foloh•"vtotn at tQulmotar concentmona to cartllmueptn1, ph1noblriitll, or VPA 
retultld In amall but 1ignlfloant dl1pt1e1ment of th"' dn191 from ltt pla1mtt binding 1tt11. The degrH of 
d11pl1c1m1nt of d'-&epam or oarb1m1ztptne w.1 not 1nh1nctd by lncre11lng the concentration of 
folphenytoin 3Q..80.fold, The lffght lftere11t In frH traction of th- dNgl caulld by fo1ph1nytotn 11 unllk1ly 
to have cttntcat 11gntfte11'1ce. 

In Vitro Hydrolylla 

Th• In vitro hydrolylt1 of to1ph1nytoln to ph1nytoln Wll examined In t111u11 and whole blood from ratl ind 
doga 1nd In hum•n Whole bJood, Rat WhGle blood and ltllUI hydrotylld folphtnytoln r1pldty, wtth ktdneya, 
~man lntuttnt, and l!ver 1xhlbtttng th• hlgh11t phoaph1taH actMty. Dog and human whole blood hydrolyzed 
lhe drug much more alowty. Mun In vll!O h1tf·llve1 of fo1phtnyt0ln In rat, Clog, and human wholl blood were 
6.81, 321, 1nd 111 mtnutet. re1peot1Vtty. 1'11t1r prodrug converak)n Wll oburvld In dog tt11ue 
homogen1te1, with the lmlll intllttne, kidney, and Hwr llafft the rnott lltNe In meetattno hydrolytta of th• 
prodrug. Stucllll with pmhlty purtflld 1nzymo1 revtalld that fo1phenytoln wa1 1 better 1ub1tr1te for 1lkalln• 
pholphataM thin for lotd pho1pn1t1H. Dlapltl th• pretence of 1lkllln1 pho1ph1ta1• a;tMty in pla1ma, in 
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vnro hydl'Ofyltl of~ Wll •low In dog ind hum1n blood comp1red to In vivo convtrtlon. There wa1 
no expl1n1ti0n for th• dl1crep1nC'; between In vitro ind in vivo fo1ph1nvto1n converaion timea. 

IM ln~n SIM Acoumul•tion 

PotMUI llCCUmufltton of phlnytnin in dOI htndllmb mUIClll Wll 11H1Hd fottowtng •Ingle- 1nd mumpte-do11 
(BID) im adminl1tr1uon ot 14C·fo•Phe"ytotn (10 mg/kg) 1nd 3H-phenytoln (10 mg/kg). At 8 hr followtng 
1tmultlneou111ng11..ctoa ldmlnlattation, ph•nytoln ooncentr1Uon1 at th• tnjeOUon llte wert 160 .. fold greater 
In th• hlndllma, inJ.ctld wtth phenytoln oompaNd to th9 limb ln,teoted With fo1phtnytotn. The dtffertnce 
1ncr•1•ed to 2!00·fold foHowtng repeated 1drrdnl1tratl0n, lndlelttn; 1nc,..11ad 1ocumulatk>n of preclpltlttd 
phenytoln 1t th• lnJtctlOn 11te. Although Im phonytoln con1t1tentty re1uttld In ld1m1tou1 1weutng at th• 
lnJtction 11t1, Im ro1ph1nytoln did not preolptt1te or CIUH t1uu1 d1m19• followtng 1lngl1 or muttlple-<io11 
1dmln11tr1Uon. 

Dlatnt>&JtiOn, Met1boll1m, and Ellmln•tlon 

Following 1v bolua 1dmlnl1tratkm of 14C·fotphtnytotn (10 mtJka; 11"91 on hyda"totn ring), both tt11ue 
d11C11bution and eUmlnatton we,. rapKt, Htghe1t tevet1 of radloactMty In blood, h••rt, kl:inep, tlver, lung, and 
1p1een were m111ured wtthtn 9 min po1tdon. Hlghnt brain llVll1 (0.2" of do11) occurrtd 1t 10..eo min. 
Th,..-~ pe1k1 were tcllnttftld 11 p..HPPH gtuouronld1, p.HP,.H, and ph1nyto1n Elimination t1/2'1 
tor phenvtoln r1ng1d from 60-80 min In blood Ind v1nou1 ttuu11. At 41 hr poatdoH, •II~ of the 
1am1n11ter1d radloacttvlty wa1 1llmln1ted, d1mon1tr1ttna that to1ph1nytoln and/or lt1 metabollt•• Wirt not 
rttalntd. 

After 1dmlnl1tration of 14C·f01phenytotn to ratl, recovery of radlolcttvtty from urtne ind f1c11 over 72 hr 
averaged 52 ind ~8%, reapectivtly. Mun cumutattvt unnary and float recovery wa1 99%. p-HPPH 
glucuronld1 1ccounted tor •~0% of dou recovered from urtn1 1nd fecea over th• o. to 24·hr collectton 
1nterv11. 

unne and tlCtl (rat only) were GOllected fOf "*'boffte proftffng foffowtn9 ldmlntatration of 14C·fo1pn1nyt0ln 
to ratl and unllb1l1d fOI~ and phenytotn to doga. Phtnytoin, p-HPIDH, and p.HF'PH glucuron'd• were 
urinary m1taboHtt1 common to both 1pectee. p-HPPM gtucuronlde (33.8") wa1 th• mljor metlbollte In rat 
unne, wntrtll m·HPPH glucuronidt (51·81%) wu the major m.taDo»te In dog urtne. Aodtnt ftoel aampftt 
contained only p·HPPH (21.8,.), p·HPPH gtucuronld1 (8.3,.), ind 1n unldentifted metabolit• (10.2%). The 
m1t1boll1m and excretion proftle1 of fo1phtnytotn and ph1nytoln wtre th• 11me followtng Iv 1dmlnl1tr1tlon 
to d091. · 

TOJ(fcok#nttlel 

Toxicoktnetlc •tudlll In rata ahoMd lhat the,... of phlnytotn appearance In .,111m1 w.1 dtcre111d following 
tm 9dm1n11tralion relative to lV ldmlniltratiOn of • 1tn91tt 160 mg/kg dolt of fo1ph1nyto1n (tmax v1lu11 10· 1 &X 
gr11ler), peak pnenytotn levtll wer1 rtductO (90-80%) aftlt Im ldmfftlttratton, thtrt Wll 11ox dtfferenc•• 
1n f)henY'otn cleal"lnee (tttmtnltton t1fl 4·7.&·fotd tonger tn flm1t11), •nd total ph•nytoln t>epoaurt (AUC) w11 
11m1tar wtthln 11x foltowtng Im or Iv ldmln11tr1UOn of the ume do•• (T1tll1 II.I). Fo1ph1nytoln 11v111 were not 
d1term1n1d. 

Phenytotn kin1t1c1 determined 1ftlr 11ngl1 Im or Iv dOHI of 90 mg/kg fo1ph1nytotn to dogs (Table II.I) were 
f11r1y comp1r1bl1. Although tmu v11ue1 followinQ tm foaphenytoln were tonger than tho11 foHowtno Iv 
fo1phtnytoln ( 1.2 hr for im ~• o.e hr for Iv), Cmax valu11 (21.3 uglml for lm vertu1 21.1 for iv) and pta1m1 
phenytoln oonoentration·Umt proftl•• (Im and Iv AUC ¥11u•• of 151 and 113 ug hr/ml, r11peotivaly) were 
11mitarfor both route1. Ml•n 1Hm1nauon t112 v11u11were1111nt11Uy th• ume following Im (2.8 hr) 1nd Iv (3 
hr) 1dmlni1u1uon. Thatt wu no HM dlfferenue tn pharm1ooldnetta1 tn dot•· Fet,,.,.,,ytotn tevett were not 
d1term1necs. 
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Thus, rate of phenytoln appeanfldl tn ptunw wu deerened followtng Im to1phenytoln 1dmtn11tr1tion relet1v1 
to 1v 1dmini1tretton, but total phenytoin 1xpo1ur111a determined by AUC data were 1lmllar in ratt •nd dog1 
foltowtng 1m and Iv foaphenytotn. Relative fo1phenytoln expo1ure1 were nat determined. 

TOXICOLOGY 

Acute toxicity 

Acute Iv to**Y 1tuct1H were oonductld In mice, rats, rabbits, and doge (Tab .. 111.1). Th• rnedi1n l1th11 do111 
of fo1ph1nytoln and phenytoln In mice and rltl were •11•ntielly equlv1lent when both drugs were 
1dminl1t1red by 1v infu1ton, wtth v1lu11 ranging from 1pproxtm1t1ly 150r350 mg/kg. Phenytoln w.1 n'tor1 
potent than fo1pnanytoln wn.n th• drug1 were 1dmtn11terttd 11 an IV Do1u1, probably du• to a more graduel 
ri11 in peak phenytoln i.ve11 wtth th• prodrug. Similar CNS·rtlatld 1lgn1 were ob11rvea •fttr tv Injection of 
foapMn~ or phenytotn In both rodentl and non·rod•nta and Included 1taxl1, hYPolCtfvtty, proatradon, and 
convu111on1. In addition, utlvation and vomiting were 1een In doge, and tremora and dyapn11 occurred In 
roaente. Th• MLD'1 of Iv fo1ph1nyt0tn and phtnytojn In weanling 1'111 were the ume •• In adutta; however, 
neonatal rata were more 1tn11tive to th• to•te •ffectl of both dru91 th•n weanling rata following Ip 
admlnlttrltion. After im ldmtnl1ntlon, fo1ph1nyt0tn Induced clinical 1lgn1. oonvul1ion1, ind/or d11th1 In rate 
1nd dog1 at iow.r dOHI thin phenytotn due to lncrHlld ablorption •nd higher blood eoncentr1tton1 
1ch1ev1d by thll route (Table Ul.2). Grou pathologic chlngaa w.re not obHMd In .cute 1tudte1 with 
fo1ph1nytotn, whll• ti11ue neoro1i1 at Im Injection 1ite1 in ratl and dog1 Wll ob11rv1d with phenytoln. 

Multldon ~lolly 

Bil 

A 4 .. wetk rat 1tudy (10/Mxlgroup main 1tudy, llHJC/group recovery, 3/M>Clgroup flK) wa1 conduced with Iv 
(bolua) do ... of o (v•h~• .. ), 30. 80, and 150 mg/kg of fo1ph1nvtoln. r .. R cllnlclt 1tgn1were1Hn prtmarfty In 
MO end HO animlll and eott~tld of l1axil. hypoaotivity, Mliv1Uon, and dyapnu. IW gain dJrfftO tht doting 
period wu decreued (32%) In HD m.111 comP1rtd to oontrot1, Erythrocyte param1tet1 (RIC, HOB, HCT) 
were 1llghtty decreaHd and MCHC wa1 lncruHd In HD tamale• com,,.l'ld to control•. ALT and ALP were 
inoreaMd DY about 50% In HD mate• and femalel 1t wttk 4. Livlr welghtl wer1 lncr1111d In female• at 
111 dolll, and penponaa vaouotiza1ion WM oblervtd mtoroaooptcally In HD m1111 ind fem1te1. Ltvtr ch1ng11 
were not 1Hn followtng 1 4 WHk recovery period. The lncre1ud liver wetghtl 1nd enzyme 1ctMtt11 
pre1um1bly refttcted tht induction of h•Plltic mlcro1om11 drug metabotlzlng 1nzyme1, which 11 a well 
recognllld lffect of phenylDin In 1ntmall 1nd humane. Thi lncrHlld periportll v1ouoH11tton In HD ratl wa1 
1hown by EM to be mainly due to the preHnoe of llrgtr 1r111 of glycogen d•Po•ltton than In control•. 
Rev1rtlblt lnj1c:Uon 1lt9 lrrttation wu -n at 1U doMI (0-R). Pla1m1phtnytotnttVltl15 min after do1lng 
dunng week 2 were propcrional to doH and 1lmilar in mate• ind female1; mun concentrlttona ranged from 
i.1 at th• LO to 52.8 uglml In th• HD group (Table 111.3). 

A 13 wnk rat 1tudy (10/Mxlgroup main atudy, 51MK/group PK) Wll conducted wtth Im do111 of O (aallne), 
30, 10, or 150 mg/kg or folphenvtotn. A group recaMng pn1nytoln (100 mg/kg, equlmotar to HD) ffrved 11 
a poaltive control (PC). Hypo1cttvlty, ataxll, and ullv1tion were obHrved In both th• HO ind PC group1. In 
addition, 1utoclnlblltlm of th• hlndllmb1 wu -n In ph1nytoln·tre•ted ratl. T·R d11th1 occurred only In the 
HD (211! M, 1115 F) and PC group1 (1115 M. 10/18 F). There were no h1m1tologlc: effectl related to 
folphtnytoln treatment. AIT, ALT, and ALP levela were 1tevltld In HD m1le11nd fem1111. while only 1Ught 
1ncr11111 In ALP were ••n in th• PC group. lncruMd pl11m1 gluco11 llv•I• (2 hr •fttr doting) 1nd 
gluco1urta wtrt obnrved In the HD and PC groupt. Liver welghtl were lncre1Hd In the MD (fem1ll1) •nd 
HO group1. and thymu1 welghtl were d1er1uld In HD 1nlm1l1. lnjlCtlon 11te 1111on1 were obMrvld In 
fo1phenvtoln· and phenytotn-truted anlmall (D-R In foaphlnytOin groupe). tntracytopla1mlc h•Plltocyte 
vac&..ollzltlon wa1 '"" In the HD group (8110 M, 9110 F) and ting~ cell htpatgoyte necro111 Wll obHrved 
In PC antmala (3110 M, 3110 F). Dtctt .... In thymu1weightl1n HO 1nlm111 correl1ted wtth hl1totoglc 
1vld1noe of lymphoid depletion. Pl11m1pntnytotn1eve11 were 3~ ttme1 higher followtng HD foaphenytoin 
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1dminl1tratlon than after phenftOln injection by the Im route; concentrationa ranged from 48.7 to 48.9 ug/ml 
atter the HD of fo1phenytoin and from 15.2 to 23.8 ug/ml after an 9quimol1r do1e of phenvtoin (T1bl• 111.4) 

Dogs 

Four groups of dogs (31Mx/group main study, 1/aexlgmup recovery) were given iv bolua do1a1 of fo1ph1nvtom 
at o (vehlcl•), 15, 30, or 60 mg/kg for 4 wteka. Clinical 1lgn1 were ob11rved with 1 D·R Incidence 1n treated 
doge and consisted of ermatia, diarrhu, aalivation, erythem11 of the gum1, hypo8CtiVlty, ataxia, mydr11111. and 
trttmora (liu only). No dt1th1 occumld. Tnert were no ttgnlftcant T~A effecta on weight gain or food 
con1umptlon. Hematological par1metert were comparable among groups. Serum ALP wa1 elevated about 
2-fold in HO dog• compared to C •t 4 week• and after 14-WHk recovery peliod. lncre••ed 11llv1ry gland 
we1gtit1 and hypartrophy of mandibular and paroUd ullvary gl1nd 1einl were noted In HO doge. There wa1 
a trend toWlrd lncrtaald llv1r weights In MD and HD 1nlm1lt, but no 1pp1rent hl1tologle1I correlate. Small 
(10%) inCWI In ablohJt9 and rellM heart W9fQhtl were • ..,, tn MO and HD m11e1. but no pathology WIS 
seen upon micro1cop1c ex1mln1tton. No dtfferencea In the Incidence or HYerity of tnjectlon 1lte alteratton1 
were noted betv/Mn vehicle controta and trtnd groups. Plaama Ph•nytoin tevetl 30 after do11no during week 
2 increased approxtmatety ~and were .mtar between H>e11: mean concentration• ranged 
from e.e at the LO to 23. 7 uglml In th• HD group (Table HI.I). 

Fo1ph1nytoin Wll 1dmlnl1ttred Im to 8 group1 of dogl (4/llx/QroUp) It dole level1 of 15, 30, Ind 90 
mg/kg/day for 13 week•. A neg1ttw control group was administered uline, ind a po1itJve control group 
received phenytoln •Odium (40 mg/kg, equlmol1r to HD). Ataxia, decreaaect 1ctivlty, and mucold dl1rrh1• 
were ob11rv1d In the HD group, and tmnl• and ptyalilm were ... n In alt fo1ph1nytoln-truted dog1 In a 
do11-rel1ted manner. Ataxia, 1m1111, and dlan'hu were obUNed In the ph9nytoln group, with Incidence• 
intermediate between th1t -n In the MD ind HD folphanytotn group1. Both ph1nytoln and foaphenytoln 
group• exhibit.a 1welllng et th• Injection 1lte1. All animal• 1urvtved to tennln•tton. BW g11n wa1 lncre•Hd 
in matt folphenytotn .. 1r11ted doge and dectHlld In phenytotn group male• and tem•tet comp1red to 11llne 
controta. No ch1nge1 In h1matologlc valu11 were notld In th• •n1tvai1 of blood •mple1. However, one HD 
foaphlnyt(Mn femlte h.s an t1ev1t1c1 mytlokU1rythrokl ratio (Ml& • 8. 1) In the bone m8m>w 1m1ar performed 
QQll morttm, lndltating d1pre111d 1rythroveneal1. AlkaHne pho1phata• and Ort1tin1 photphaklnaae level1 
were modtr1t1ly 1tev1ttd In MD, HO and PC groupt. The former wet probably relatlc:I to hepatic enzyme 
Induction 1nd the lau.r may have been rtflted to muecll til1u1 Injury. A dot•rtllted lncre111 In llver welghtt 
occurred In fo1ph1nytoln·tre•tld male• (+35% 1t HD) and femaltt (+28% at HD). Liver weight Wit 1110 
1ncr111ed In th• PC group (+28% M, 14% ff). LIV.ti of 1 mtli) and 1 ftrMle from the phenytoln group ind 
of 1ll ftm1le1 from the HD to1phenytoln group •hawed dtffU11 lncre1111 In lntracytopl11mlc v1cuol1Ution of 
h1p1tocyte1. Injection 11tt chang11 were oburved ln doga from thl phenytotn group and from th• MD 1nd 
HD foaphtnytoln groups, but were reportedly more 1xten1lve and etvtrt In the ph1ny.otn group. Phenytoln 
l1v1t1 peaked at approximately 80 min •fter prodNg admlnlltratton (Table Ill.I), 1ver1gtng 25.5, 23.3, end 
28 ug/ml on daya 1, 42 and 91, r11pectivety, In the HD group (there waa no apparent effect of repeated 
doting). Peak phtnytoln level• In the phenytOln group were con1l1tently about 113 ttmea those In the 
equimoter foaphenyt>;n group, 9Y1t1gtng 8.e, 7.1, and 8. 1 ug/ml on d1ya 1, 42, end 91 (alao comparable over 
time), tn the phenytoin group, mea1ur1ble phenytoin level• were 1till pr111nt In 11mple1 collected Ju1t prior 
to doting, indicating ltow absorption 1fter Im Injection. No phenytoln Wiii m111urld In prtdoM 1ampl•• from 
fo1ph1nytoin groups. 

§eEC!AL TOXICITY 

Local irritation 

Fo1phenytoin produced 1lgniflcantty le11v1nou11nd pertv11cul1r Irritation (baaed on mtcroecoplc Irritation 
scores) than phanytotn It equlmotar concentr1tton1. t..oc.I Irritation &ftlr Im Injection ot fo1ph1nytoln to rabbits 
w11 11gnlflc1ntty lower than after Im phenytoin. When Injected Im Into th• htndllmb of rabbits dally for 5 
conncuttve daya, phenytoln wu mo,. lnitat1tng than equlmollr conc.ntr1~1 of foaphenytoin. 



Cardiovesculer eff9cts 
... 

The cardiovaacular effecta of equimoler doses of pher1ytoln (18 mg/kg) anti foaphenvtoln (27 mg/1"g) ~re 
comparable foUONing Iv bolus (3 11e) Injection to an11th1tized fem111 dogs (4/group). Intravenous phenytoin 
resulted in decreases in heart rate (800/o of blaellne), LvdPldt (max -55% comp•red to C). and MAP (-40% 
compared to C) 1nd 1ignlftcantly increased LVEOP (2-3-fold). Foaphenytoln resulted in more gradual 
decreases in HR (80% of baletine), L.vdP/dt (max -36% compared to C), and MAP (~0% compared to c and 
b•••hne). Effeot1 on LVEDP were variable and did not appear to be ae pronounced 11 those produced by 
phenytoin admlnislrltlOn. Effecta on CV paramater1 appeared to correl•t• with phenytoln blood levela In both 
cases. The major difference between drugs was In effects on L VEDP. The le11 pronounced ertocts 1ean after 
fo1phenytoin presumably reflect the lower peak blOOd level of phenytoln roaultlng from lta administration (22 
ug/ml vs 49 ug/ml 1fter phenytoln admlnlatratlon). (Flgurea IV. 1 & IV.2 and T•bl• JV.1). 

Formaldehyde formation 

The theoretical ma)(lmum do1e of formaldehyde (a11umlng compl•t•. ln1t.1ntaneou1 conversion) after an Iv 
dose of 2100 mg fo1phenytoln (30 mg/kg 11 given 11 maximum dose In propoaed labeling) would be 5.17 
mmol or at'()ut O. 1 mmoVkg (3 mg/kg) for• 50 kg ptrl()n. The pharm1cokln1tlca ot form•ldehyde and lta major 
metabolite, formate. Mre modeled u1lng d1te from a publlthed report In which form1td1hyd1 (30 mg/kg) w11 
administered Iv to monkeys. a.-d thil model, peak '°""aldehyde and form1te conc1ntration1 r11ulting from 
first order input of 3 mglkg formaldehyde (form1tlon half-life• 8 min) were aimulated (Figure• IV. 3 and IV.4). 
Theae 1imul1t1on1 were 1n1logou1 to botua 1dmlnl1tr1t1on of• fo'phenytoln do11 of 2100 mg. Peak 
formaldehyde leveta were precHcted to be appro>elmatety 0. 18 mmol/L, wtth concennttont declining to 
background level• (0.027-0.088 mmotlL) within 20 min. Maximal formate levels were predicted to be 0.08 
mmol/L, which is below th• b111llne lev111 mea1ured In 2 monkeya In a publl1hed ttudy (0.18 1nd 0.27 
mmol/L). Background leve11 of torm1t1 In human• have been reported in the literature to be 0.07 to 0.4 
mmol/L. 

Since the theoretic.al maximum dou of fo""1ldlh,,c:te repr11enta only • fr11ct1on of the total body burden from 
normal metabohem (36 gld1y in a 50 kg person), and since the PK elmulatk>na lndtcatld that formaldehyde 
concentrationa would exceed background teveta for 1 rtt1tivety 1hort time, the 1pon1or con1ld1ra the pot1nt111 
r11k1 a11oclated wtth fnrm1ld1hyde 1><po1ure •• • r11ult of foatphtmytoln adminl1tr1tlon to be negligible. 
Plasma formate levela measured In 4 h11tthy voluntffrt following administration of 1200 mg of fo1phenytoln 
by Iv infuaion over 30 min were not 1tgntftcantty dlfferont from those observed In a placebo group or from 
baseline levels (25 mg/L). (Th• do11 and lntu11on rat. uaed In thl• 1tudy were conalderabty lower than the 
maximum value• in the propoafd doatng recommend1tion1, le, 30 mg/kg and 225 mg/min, re1pectlvely; and 
the sample was very small.) 

GENETIC TOXICITY 

No biologically 1ignlfle11nt effects on revertant frequencle1 were aeen with fosphenytoln In th• Am•• teat. 
Foa~henytoin WI& negative for effects on mutation frequency at the HGPRT locus In V79 Chin••• hamster 
lung cells were evaluated after expo1ure to fo1phenytotn concentrations up to 4000 ug/ml In the absence or 
preHnce of metabolic actlvatJon. Structural chromosome aberration frequency In V79 Chinetti ham1ter lung 
cells w11 increased by expo1ure to toaphenytc,in ooncentrationt 1t 1000 uglml In the presence of metabolic 
activation (Table V.1 & V.2). tn mice given 1ingle Iv do111 of up to 200 mg/kg (tv LOSO • 234 mg/kg), no 
b•ologically 1igniflcant differences In mlcronuct1u1 formation were detected. 

BEPBODUCIIVE TOXICITY 

Segment I (m•l•J 

Male rats (40/grp) were doaed wtth a. 2&, 75, or 150 mg/kg, Im, for 75 days prior to mating and throughout 
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... 
mating with untreated females (1:1 cohabitatiC'n, 10 day maximum), then aacnflced. Females were either 
sacrificed on Day 21 of gestation (1/2) or allowed to dellv•r and wean their offspring. Patemfil toxicity, 
characterized by Clinical slgna (injection 1ite le1ion1, neurotoxicity) and euppression of BW gain, occurred 
at the MD and HD. Two HO m1l11 died and 2 were sacrificed moribund. Mean plasma phenytoin 
concentrations ranged from 1bout 5 (LO) to 45 ug/ml (HO) and did not appear to accumulate during 
treatment. No T -R effects were apparent for male reproductive parameters, incll..'dlng semen evaluation 
FO fertility ind1cea were deere111d compared to hlatoncal data, but both control and treated rnale1 were 
affected. No biologically significant ertect1 on female reproductive or fetal paramete"' wer'! observed at 
C-1ection. There was a slight increase In stunted fetun1 (<4 g) at the HO, but the v1lud was within the 
hlatorical control range. In htter11 from femaln allowed to deliver, there were no T -R ertecta on reproductive 
parameter& or on neonatal growth, aurvtval, and acquisition of developmental landmark•. In addition, no 
group differences were found in several poatweanlng t"t' of neurobehavloral function, ind there were no 
treatment effects on F 1 reproductive ptJrameters. 

S11gm11nr I ff11malt1J 

Female rats (40/grp) were dosed with O (v1hicl1), 25, 75, or 150 mg/kg, Im, for 15 day• prior to mating 
with untreated m1le1, 1nd throughout mating, geatatk>n, and lactation. C·1ect1on1 were performed on 1/2 
of the female• on Day 21 of geatlltion; remaining femlt• were allowed to deliver and wean their offspring. 
A high incldenc. of neuroto>Cidty (hypoact.vlty, ataxia, and prostration) was ob1erved in HD fernalea, which 
ia con1l1tent with the blood lev111 achl•vld 1t thl• dose (33-38 ug/ml). Slmilar CNS 1ign1 have been 
rt.ported at pluma phenytoin level• >25-30 ug/ml, in rats and humane. BW gain wa1 decrt111d In MO and 
HO female• dunng the premating and gestation period•. E1trou1 cyclea were altered at th• MO ind HO, 
but mating and fertility Indices were unaffected. Parturition w11 1ignlftcantty delayed at the HO, and 
dlaturbed at all doses. Fo1phenytoln produced developmental toxicity primarily 1t the HD (decreaaed 
growth, 1ncrea1ed Intrauterine and po1tn1t11 death, m11formation1, functional 1ffect1; T1blH Vl.3·S), 
although there were effect• on growth at the MD. The MO and HO produced pe1k m1temal pl11m1 
phenytoln concentrat1on1 of approximately 20 and 40 ug/ml, respectively (10·20 ug/ml considered 
therapeutic). Teratogeniolty (cardiac, digit, brain anom1lle1) was slgnlftcant at the HO; however, th• 
occl1rrence of • b,..ln m11form1tlon In a 11ngle LO fetua may have been drug-Induced, alnce brain 
melformationa are rare and have been previously reported after pr1n•t1I ph1nytoin exposure. 
Chromod1cryorrh1a and circling were teen tn HD offlprlng; th11e have been previoualy reported after 
prenatal phenytoin exposure. 

Segment II f r11tJ 

Pregnant rats (40/group) wer1 treated with O (vehicle), 10, 50, or 100 mg/kg, iv, on gestation D•v• 7 
through 17. C~1ectlon1 were performed on 25/group on Day 21: the rem1lnlng 15/group were allowed to 
dehver and rear ottaprlng. M1t1m11 toxicity occurred primarily In HD dams and consisted of death (4 HD 
dams), cllnlcal algna (aalivation. chewing, atM><ia, hypoactlvlty, and limb rigidity), and 1uppr1111on of BW 
gain. Mun maternal plasma ph1nytoin 1lv1l1at1 hr po1tdo1lng (approximate Cma>C) were 4, 24, and 43 
ug/ml In LO, MD, and HO groupt, respectively. At C-11ctlon, poatimplantatlon 1011 w11 lncreaaed (2-fold) 
1n HD dams compared to concurrent and hlatorlcal controla. Mean fetal BW w11 decre11ed (30% below 
VC) In th• HO group. tncid1nce1 of skeletal malformatlon1, extemal/Vtaceral v1rtatlon1, and 1k1letal 
vanatlon1 were lncreaaed In HD titters (Table Vl.7). Although ct111iflld 11 malform1tlon1, several of the 
skeletal anomallea (hemlcentra) may have reflected retarded 011iftcatlon. Th• lncreaae In v1rtation1 wa1 
due to 1 marked lncr111e In growth retarded fetu1e1 in HD litters: 60% of HO fetu1e1 were atunted (BW 
<4 g). Among dama allowed to deliver, the duration of ge1tatlon w11 algnlflcantly Increased at th• HD. 
Poatlmplantatlon 1011 wa1 1lightly incre11ed at tho MD and HD (Table VI.I). Birth weight• ind postnatal 
wetght gain were dlcreued in HO malu and female• (10-16%). V1gln11 opening waa d•t•yld In MD end 
HO female puJ>t. Two llttermates In the HD group exhibited abnormal circling behavior, and 27 pupa fmm 
8 HD litters had chromod1cryorme1. Both have previoualy been 11aoclated with prenatal phenyt•>ln 
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exposure. One of the HD c1rc1'era later died (PND 23). Locomotor activity waa increased In HO males on 
PNO 42; however, this waa mostly due to increaaed activity in a 1ingl1 HD pup. No group differences were 
found in acoustic startle parametel'1 on P 43 or In 1huttla avoidance parameters during week 9. 

Segment II (rabbit} 

Pregnant rabbits (20/group) were treated with 0 (vehicle), 10, 25, or 50 mg/kg, iv, on g111t1Uon d•Y• 6 
through 18. C@MCtiona were performed on Day 30 of geatation. Mat1m11 toxicity, characterized by cllnlcal 
1ign1 (chewing motions, 11taxla, limb rigidity, and ah1llow, rapid breathing) and suppre11lon of BW gain, 
occurred at the MO and HD. Mean matem•I pl11m1 phenytoin levels increased proportionally from about 
7 (LO) to 35 uglml (HO). No TwR effects on maternal reproductive or fetal developmental parameters were 
apparent at C·aection. 

S11gmt1nt Ill 

Female rats (25/group) were treated with O (vehlele), 25, 50, or 100 mg/kg, Iv, from Day 15 of pregnancy 
through Oay 20 postpartum. Maternal toxicity, charact1rtzld by death, significant reduction• In BW gain, 
and clinical 1ign1 (ataxia, hypoactiVity, 1nd lmballne9), wa1 ob1erved prlmarUy In HO group fem1te1. A 
0-R Increase in g11tatlon length was ... n In treated d•m•, and powtlmpl1ntat1on 1011 w11 do••· 
dependently Increased at all doses (Table Vl.10). Pup aurvival and BW at birth were 1lgnlflcant1y 
decr1a1ed at the HD, but were lower than control• at 111 do111. Th• effect on BW perslated Into the 
maturation pertod In HO group offspring. lncr1aud pup mortality and reduced Po1tnat1I growth have 
previously been reported after Or91 1dmlnl1tratton of 100 or 200 mg/kg of phenytoln on Daya 7-18 of 
ge1tat1on. There wa1 no lncro11• in malformation• among foaphenytotn e>epo1ed offspring, but treatment 
started after the major period of organogene1i1. An lncreaaed lncktenc. of 1tructural v1rlatlon1 In fetu111 
from dame that dted around the time of parturmon can be attributed to developmental delay. Hyperactivity 
wa1 apparent In all treatment group male offlprtng, but v1lu11 for activity parameter1 were outtlde the 
control range prtmanly In HO offspring. Enhanced avoidance responding and apparent memory 
enhancement were aeen In treatment group offspring (MD & HO m1te1, HD t1m11e1), probably due to 
exposure-induced hyperactiVity. Clrellng behavior, whieh h11 previoualy bun reported following prenatal 
exposure to phenytoin Ind wn Hin In the aegment II 1tudy, w11 not ob11rved In this study. No apparent 
effects on the reproductive performance of F1 offlprlng wer1 obaerved. 
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VIII. EVALUATION .. • 

Fo1phenytoln Is a water soluble phosphate titer prodrug of phenytotn, Intended 11 a replar.ement for 
parentaral phenytoin (poony soluble, requires an alkaline organic solvent and precipitates in iv fluid•). 
Foaphenyto1n is quantitatively converted to phenytoln in vivo by ubiQultou1 pho1ph1ta1e1, With a conversion 
half-life of about 8, 3, and < 1 rnln In man, dog, and rat, respectively. Becauu of the phosphate 11ter, 150 mg 
foaphenytoin Vteldl 100 mg phenytoin Thft properties of phenytoin are well a1tabli1hed; th•refore, the primary 
safety 1Hues wtth fosphenyto1n relate to poHlble dltf1renc:31 In th• pharmaeologicallto><ioologtcal praflle of 
phenytoin reaultmg from administration of the prodrug. Th••• differences could involve Intrinsic ettecta of 
fosphenytoin, changes In phenytoin disposition, or effects of breakdown products, aa diacu111d below. 

Fo1phenyto1n and phenytoin were equipotent 1g11n1t MES·lndue&d ••lzure1 In mice after 01111, Ip, or iv 
admin11tration (T1ble Vlll.1). Although time cour1e1 of antlc-0nvul1•nt action were comparable when th• two 
drugs were given iv, there was some lndlc.tion of• delayed onaet after foaphenytoin •dminl•tnltlon. This 
delay could be import.nt in the treatment of 1tatu1 •;>lleptJcua. A pubUahed 1tudy by Watton and Trolman 
(Epilepay R11 5:165-8,'90) indicated that foaphenytoln Wll 1811 effective than phenytoln in a rat model of 
1t1tu1 •Pll•pticua. Although 11mil1r final pl11ma and brain phenytoln concentration• were reached attar Ip 
administration of the two drugs, a slower nse In brain phenytoln lev111 following fo1phenytoln 1dmlnl1tr1tlon 
was thought to reduce its 1nticonvul1ant efficacy In thl• •nlmal model (Figure Vlll.1). Thus, the time required 
for conver1ion of foaphenytoln to phenytoln could have a n1g1tiv1 Impact on the effectlven111 of trHtment. 

However. clinical Iv PK studies have shown that free phenvtoin concentration·tlme profUe1 almll•r to tho•• 
Hfln with Pl'rtnteral phenytotn can be obtained by lncrualng the fo1phenytotn lnfuaton rate. Thi• 11 partly due 
to altered protein binding of phenytoln In the pre1ence of foaphtnytoln. In vitro 1tudle1 .ind clinical PK datll 
Indicate that foaphenytoln dl1place1 pt'tenytoln from pl••m• binding 1lt11, le, the phanytoln free fractton 
lncr•••ed with increa11ng foaphenytoin concentrations. In human volunteera, the 1>et1nt of Ph•nytoln 
di1pl1cement for a given doae, and therefore the Cmax and AUC valu•• far free phenytoin, lncre1Hd wtti"\ 
th• infulion rmte. Following lntu1i0n of fo1ph1nytoln (1200 mr PE - phenytoln equlv111nta) at 100 and 180 mg 
PE/min, incre11e1 In frH fraction resulted In free phenytoln concentrlttont and tm1x v1lu11 almli.r tc) tho•• 
seen after admlniatration of an equimolar dose of phenytoin at the maximum recommended rate of 50 mg/min. 
Such infusion rates of fo1phenytoin are reportedly well tolerated. At 1teldy-1tate, administration of 
fosphenytoin could enhance the pharmacological or toxlcOloglcal •ffecta of phenytoln by dlaplaclng It from lta 
binding 1ite1, although the 1ncre111 in free fr1ctlon wuuld be tranalenl T'ie potential for 1uch dlaplac.ment 
effects w11 not addressed in the preclinical 1tudle1; free phenytoin level• were not determined In any of the 
in vivo animal atudlea. 

Phenytoin h•• been shown to produce 1ignlftcant reduction• In blood pr111ure when lnfuu.'Ct Iv In both •nlmal1 
and man. Ph1nytoin-1nduced hypoten1lon appe1rs to be dependent on both total doae and rate of lntuak>n. 
The ma>clmum recommended adult hum1n lntu1lon rate 11 40-50 mg/min ind the total dun 11 u1ualty limtted 
to 1250-1500 mg. In a 1tudy comparing the nemoctynamlc 1ffectl of phenytoln and fosphenytoln In dogs, 
qualitatiVety and quanutatiYely almitar chllnga In CV param1tera were 1Hn: both drugs produced comparable 
decreases In btood pressure, heart rate, and contractillty. When the CV effecta of foaphenytoln (21 mg/kg PE) 
infusion over 15·30 min were compared wtth thou IHn after lnfualon of an equlmolar doae of ph1nytoln over 
30 min, the maximum effect• were n11rty Identical and were ob11rv1d at compmr•bl• pl••ma l1vel1 of 
phenytoln (Flgurn l.M). The rapidity or fosphenytoln lnfualon (Within the range t11ted) appeared to affect 
th• on1et but not the maximum response. At time• when plasma level• of both foaphenytoln and phenytoln 
(formed from foephenytoin) were high, •ffeeta were not greater than thou seen at comi)arable levela of 
phenytoln alone: therefore, It did not appear that fo1phenytoln hid any 1lgnlftcant hemodynamlc •fflcta of ltl 
own. When higher equimolar do1e1 (40 mg/kg PE) were r1pldly lnfu1ed (over 2 min), the magnitude of the 
changee in CV parameters produced by foaphanytoln 1ppe1red to btt aomewn1t greater than those '"" with 
phenytoln (Flgur111.1·3). However, 3 of tht phenytotn-tre1ted an1m111 (le, the most 1en1tttve to CV effects) 
died within 4 min of Infusion onset following marked rtductlona In MAP and HR, while all 8 fo1phenytoln dog• 
recovered: to the means depicted In the figure• may be mialadlng. Although the CV change• produced by 
foaphenytoin 1eemed to correlate with plaama level• of phenytoln, and 1imltar peak total phenytc:ln 
concentr1tion1 were achieved after phenytoin or foaphenytoln adminlatration, It 11 possible that th• 
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displacement effect descrtbeQ..in the preceding paragraph resulted in higher maximal free phenytoin levels 
follow1ng rapid foaphenytoin infu11on, which might have contrit>uttd to any increased response observed. In 
addltiOn, formaldehyde formation could have added to Ule CV effects seen after rapid lnfu11on of fo1phenytoin. 
Formaldehyde has been s~own to decr111e the rate and contractllity of isolated rat atria In vitro, and 
cardiodepre111on has been reported In rats infuaed wtth 0.12 mmoVkg/mln formaldehyde (Strubelt et al. J 
ToxlCOI Clln Toxleol 28:221-33.'90). The rate of foaphenytoin infusion In the dog atudy was 0.08 mmol/kg/min. 
However. the theontUcal maximal rate of exposure to formaldehyde clinlealty, ba1td on the proposed m.tximal 
rat• of fosphenyto1n adm1ni1tration (225 mg/min), would be 0.01 mmoVkg/mln (eO kg BW). Foaphenytoin 
exhibited lntrtnalc activity only in one in vitro a11ay: th• prodrug Inhibited developed tanaion in a guln•• pig 
left atrial preparation 'Alth 1 potency equivalent t~ that of phanytoln. Fo1phenytoln WIS Inactive In l1olattd right 
guinea pig atria, however. Thi• in vitro effect is unexplained but unlikely to be of any cllnle1t importllnce. 

The tox1cologlcal profile CJf fo1phenytoin wa1 e11entl1lty the aame 11 that of phtnytoln. The acute toxicity of 
foaph•nytoin w11 equivalent to that of phenytoin when the two drug1 were administered by Iv infu11< n (30 
min) to mice, rats, rabbits, and dogs (Tabla m.1). Howewr, phenytoln wa1 more toxic thin fo1phenyto1n after 
single iv bolus admlnlatratlon to r1t1. prob1bly due to • mar• gradual rtn In phenytoin levela when 
fo1phenytoln waa given. When comp1red on an equlrnolar ba1i1, Im fosphenytoln prOducad more acute 
1y1ttmic toxicity than ph.-nytoin In r1t1 and dogs, pr11umably due to better 1b1orptlon by thla route (Table 
111.2). Foaphenytoln pro,iuced 1111 injection site irrttatjon than phenytoln by bOth th• Iv and Im route•. 
Unfortunately, the onty multiple doae toxicity 1tudle1 that included 1 phenytoln poaltiv• control were th• 3 
month Im rat and dog toxicity 1tudl11, Because of tta l~•r bloavallabllity by th• im route, ph1nytoln Wiit 1111 
toxic than 1n equlmolar dose of fo1phenytoin, except with reg1rd to lnJectton site Irritation, Toxlcokinetlc 
1tud1e1 lndlc1ted that uqulv111nt phenytoln 1xPo1ure1 (AUC•) were 1chlevld after Iv or Im 1dmlnl1tr1tion of 
fo1phenytoin to rats and dog• (T1btel ti.I and II.I). Ptt•k ph1nytoln levels following Im 1dmlnl1tratton were 
about the 11m1 at thott tHn With Iv admlnl1tratton In dogs and wtre 1t>out 112 Iv Pt•k l1vel1 In rats. 
Fo1ph1n~tto~;, Wit :iot m1•1ured In the .. high don tc>xicokln•tic 1tudl1a. At a iow.r do11 (10 mg/kg PE), 
fo1phenytoin expo11.1 .. 1 were equivalent following tv 1nd Im 1dmini1tr1tton to dog1, but peak fo1phenytoln 
levels were about 10-t'old higher after Iv adminl•trlltion (Table 11.3). Therefore, po11lbl• lntrin1tc effects of 
foaphenytoin or effects related to 1y1t1mlc formaldehyde m1y not have been adequately 11111ud In Im 
toxicity 1tudie1. Effectl on serum hepetk: enzymes and fiver weight• ob11rved In multido1e 1tudl11 in rata and 
dogs are known effecta of ph1nytoin in 1nlm1t1 1nd are co,,1l1ttnt With micro1om1I enzyme Induction. 
Micro11coptc ch1nge1 in ttie llver were 1ttrtbutld to lncre11ed cellular glycogen content 1econd1ry to 
phenytoin·lndueed hyperglycemia. Phenytoln causn hyperglycemia In 1nlm111 1nd hum1n1 by Inhibiting the 
in1ulin re1pon1e to gluco11 1Umulatk>n. 

The In vivo hydrolyala of fo1phenytoln produce• 1 mole each of formaldehyde and pho1ph1te tor each mole 
of prodrug. No attempt to m111ure blOOd formaldehyde level• wa1 m•d• In any of the precllnlc1I 1tudle1, but 
the pharmacok1n1tlc1 of form1ldehyd1 •nd ltl m1jor m1t1bollt• torm1t1 were modeled ualng data from a 
publl1hed report In which formaldehyde wa1 8dmtn11tered Iv to monkeys, and form1ld1hyd1 and formate 
concentrations reaultlng from ""'order Input of 0.1 mmol/kg of formaldehyde were 1lmulat1d (Figure• IV. 3 
& IV.4). Thi• w11 con11d1red to be th• theoretical maximum human do11 of form1ld1hyd1, b111d on th• 
complete conversion of an Iv (bolua) foaphenytoln doae of 2100 mg (5.17 mmol or 0.1 mmol/kg u1lng 50 kg 
BW). (The propo1ect MHD of fotphenytoln 11 30 mg/kg at 225 mg/min.) Peak form11d1hyde tevel1 were 
predicted to be approximately 0.18 mmovt, with concentr1tion1 declining to background l1ve11 (0.027-0.oee 
mmoVL) within 20 min (formaldehyde i1 rapidly ellmln1ted, with a t112 of 1.S min In monk•YI>· Qualitative and 
quantitative 1lmllarttl1a In fonmaldthyd• metaboll1m between monk•YI and hum1n1 1ugg11t that th••• 
finding• could bl extrapolated to humane. but th• llCtUll data on which the PK model Wll baaed are very 
limited. ie, blood llvel• me11urtd In 1 monkey. The toxicity of fonnaldehyde h11been1>rt1n1lvely ex•mined, 
but inhalation h11 bMn th• route of expoaure In mo1t 1tudie1. Etfectl were generally confined to the naul 
and gastric ep1thella after inhalation and oral admln11tratk>n of formaldehyde. Following• single Iv Injection, 
the median leth1I do1e of formaldehyde In rats w.11 reported to be 87 mg/kg. Th• chronic toxlctty of Iv 
formaldehyde h•• apparentty not been lnv11tig1ted. Formaldehyde 11 genotoxlc In a variety of 1ystem1, and 
both chronic and 1ubchronlc Inhalation expoaur• to high formatdthyde concentrations ( 1 S ppm 6 hid) have 
re1ult1d In the induction of 1quamou1 cell earclnoma1 In the na111 cavity of ratl. However, d11plte the 
wlde1pre1d expo1ure of hum1n1 to formaldehyde, epidemiologlc11 1tudle1 hive not demon1tr1ted that It 
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repretents 111gnificant cancer rif~ to man (Heck et al, Critical Reviews m Toxicology 20:397-426,'90). OSHA 
(Third Annual Report on Carcinogens, USDHHS Public Health Servtce,'83) ha• set perm111lble formaldehyde 
exposure levels at 3 pprn •• ari 8 hr time weighted average and 10 ppm 11 a maximum peak concentration 
for 30 min in an 8 hr penod, but there are no good e1tlm1te1of1cc1ptabl• pla1m1 formaldehyde levela. It has 
been reported (J Plotrowlkt Expoaure Tnta for Organic Compoundt In Industrial Toxlcology,'77) that workers 
exposed to formaldehyde at• concentration of e.4 ppm (preaumably 8-h TWA. but not 1t1t9d) developed 
maxlmel blood levels of 0. 13 mmol/L (le, aimilar to predicted peak levels after fosphenytoln) However, 
occupat1onal e><posure p•t.ema may be very dlffer111nt from the p•ttllm of formaldehyde exposure in 
foephttnytotn-treeted patientl. Formaldehyde 11 generated during nonn•l Intermediary metebollam .. the body 
turns over up to !50 g/day. and there 1re many aouf'C91 of environmenbll expaaure. Alaumlng th1t the 
s1mutabon1 uHd by lhe aponaor are re110n1bly accurate, the form11d1hyd• formed from fosphenytoln would 
not be •)(pected to overwhelm the body'• detoxlftcation capacity, and 1ny elev.Hon In blood level• would likely 
be transient; however, clinical dat8 are needed to verify the model (IH ortglnal INO revtew of thla l11u•l· 
lntravenoua admlnlatration of high conc1ntratton1 of phoaph•te can r11ult In toxicity due to reduction of Ca • 
1n tne circulation and precipitation of calcium phosphate In U11ua1. Thia potential rt1k Wit not 1ddre11ed by 
the 1ponaor. Although tt 11 unlikely that th• 1mount of pho1ph1te which would be contributed by fo1phenytoln 
administration (max ~ 5 mmol) would ralH nrum concentr1tion1 to th• level1 Which are a11oc11ted with 1uch 
effects (3.2 mmoVL), tran1lent or local effects are poutbl1. No finding• obviou1ty attrtbutabte to 1ncre11ed 
formaldehyde or pho1ph1te exposure w.re obMrved In the fo1phenytoln acute 1tudle1 or In the 4-wnk 
tox1e1ty 1tudie1 •t Iv bolus doRI up to 5 (l'lll) 1nd 1.5 (dog•) tim11 th• maximum t\um1n do•• (mglkg b11l1). 

The major pathway for metabollam of formaldehyde Involve• oxid•tlon to form1te •nd lncorporetlon Into 
b1olog1c11 rn•cromo1ecul11 via tet,..hydrofol1te-dependent one-carbon 1ynthet1c plthW1y1. Since formate 
1ceumutation ia thought to be re1pon1lble for the known toxtc efftctl of high do•• m~th•nol •xpo1ure (le, 
severe metabolic acido111 1nd ocul•r toxicity), form1t1 toxielty alto represents • potential concern wtth 
foaphenytoin adminiltnltion and may bl more relevant to 1hort-term u1e. Hepatic alcohol d1hydrog1n11e and 
catal8H metabolize metnanol to formaldehyde, then a glutathione-m.a11tec1 plthWIY Involving formaldehyde 
d•hydrogenaH rapidly met1boltz11 formaldehyde to formic actd. The •ccumul1ti0n of m1th1nol-derived 
romiate to toxic teveta ii pnmanty lnftuenced by tht rat. of f0rm1t1 m1t1boll1m, which depend• on th• 1ctMty 
of formyttetrahydrofolate 1ynthtt1H, methenyttetrahydrofol1te dehydrogen111, and the co1ub1trate 
tetr1hydrofot1te. Following MeOH ldmlnl1tr1UOn, formate h•• bffn 1hown to accumulate In the blood of 
pr1m1te1 but not of rodents or other nonprtmate1, 1nd tht1 ta thought to account for a 1ptei11 difference in 
su•c•p~bllity to MeOH poisoning. Tl11u1 folate ltvtll ire thought to bl key determln1nt1 of 1u1ceptlblllty to 
neuro-ocular toxicity fotlowtng •>ePolure to methanol. Prtmat11 have lower total liver fofate concentratton1, 
slower formate metabollam, 1nd ere thu1 more 1en1tttve to methanol-Induced toxicity compared to re1i1tant 
1pecie1 1uch as rodenta. Thia lnteractiOn of fonMte 1nd tol•te may be e1pecl•lly Important In view of th• fact 
that phanytoin and other AED1 have bHn 1hown to Interfere wtth folate-dependent one.c.rbon metaboll1m. 
Fol•t• depletion due to chronic AEO therapy or othtr ct1u111 could incre••• tonnate lev111 durtng 
fo1phenytoln admin11tratton. Furthermol'9, becauM of •Plci•• dlff1rence1 in form-.tt metaboll1m, the 
precltnical toxleity 1ludle1 of folphenytoln in rw and dog• ire probably not 1ppropr11te for evalu1ting po11lbl1 
to>etc effecta related to the metaboll1m of th• prodrug to formate. However, nauro.acular to>eielty In methanol· 
and form1t.pclsonld monkeys (Martin~ It at, Arch Ophthalmol 85: 1847-1880/77; M•rtln-Amat et 11. TAP 
46:201ft208.'78) and In methanol .. poiaoned human• (Mahteu et al, Hum•n Toxicol 8:138-131,189; McMartin 
et al. Am J Med 68:414-.418,'80) 11 reportedly 111oc11ted wtth m1rk1d 11ev1tion1 In blood form1te 
concentrations (>7-10 mM) for prolonged pertod1 of time (often > 24 hr). In 1 fol1t•reduCld rat model of 
methanol to>ucity (Murray et al, Arch Ophthatmol 109:1012-1018.'91), 1xpo1ure to blood form•t• 
concentration• of 8-12 mmoVL tor more than 12 hr w11 required to produce ch1nge1 In ERG and 
ultreatructural d1mag1 to th• retina 1nd optic nerve followtng admlnletratton of m1th1nol (4 g/kg Ip followed 
by 2 g/kg every 12 hr for eo hr); formate level• up to 3 mmol/L were not toxic In thl• model (Lou,1~Ferdln1nd, 
personal communication). Form1t1 h11 allO been 1hown to be 1mbryoto>elc and dyamorphogtnlo to 
developing mouae and rat embryoa In vttm It c:oncentr1tion1 >10 mM (Dorman et al, Termtology 52:3CM0,'96). 
In th• PK 11mulation1 deacribed abOVe, m•xlm11 form•te level• after 1dmlnl1tratton of 12100 mg dose of 
foaph•nytom were not predicted to 1xCHd the range of background concentration• (0.1-0.59 mM). Band on 
thne pl'Oflded tevet1, formate tormtd from fo1phenytotn 1hould not conatttute a 1lgnlftcant hazard. However, 
while pl11ma form1te levela were m111ured In 4 voluntHra followtng ldmlnl1tr1tton of fo1ph1nytoln 1nd did 
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not increase •~gnific.ntty lbOV! 1hoae observed in a placebo group or baseline levels (all -· 0.5 mmol/L). the 
dose and infusion rate used in this study (1200 mg over 30 min) ware well below the maximum valu111n the 
proposed dosing recom.,,,mdations (30 mg/kg at '25 mg/min); therefore, additional human data are needtd. 
Natt to cttnw11 tJyilwer. Because the safety d1ta related to formaldehyde end phosphate are so llmltea, a 
request lh1t the 1pon1or meaa.1re blood levels of formaldehyde.. and/or formate and 111111 any changes in 
calcium concentration or aeid·oa1e equilibrium follOWing administration of foaphenytoin to humans at the 
m1x1mum recommended doH ahould be oonaldered. 

Developmental toxicity seen In rats given fotphenytoin 11 con111tent with that prevtoualy r•ported with 
phenytoln; hOMVer, no direct eomp11111on1 wttre made In the current reproductive toxicology 1tudla1. Segment 
I atudte1 were conducted using im administration. Al not•d above, toxlcoklnetlc 1tudle1 indicated th1t almllar 
phenyto1n e>cpo1ure1 (AUCa) were achieved a~er Iv or im admlnl1tr1tton of foaphenytoln, but the question of 
rm toaphenytoln bioavall11blllty h11 not been adequately 1ddre11ed. In the flmate Segment I study, maternal 
and reproductive tO)(iOlty were evidenced at 75 ind 1eo mg/kg by decreasecJ maternal body weight gain, 
altered 11trou1 evcle1. and delayed parturition. Developmenta1 toxicity, Including teratogenic and functional 
effect• (d1cre11ed growth, lner•••ed intrauterine and po1tn•t11 d•ath, cardiac and digit 1nomalle1, 
chromod1cryorrhe1. and circllng), occurred pnmerlly at 1 !50 mg/kg, although 1 brain malformation seen at 
the LO (18.8 mg/kg) may haw been treatment-induced and there were 1ff1ct1 on growth at the MO. In a rat 
1v teratology study, developmental toxicity (growth reuardatlon. chromod•Cf"'IOrrh••· lncrea1ed locomotor 
activity, circling) waa 1Hn 1t 100 mg/kg 1long with overt m1t1mal toxlejty (neuroto><lcity, decre••.0 weight 
gain. dyatocla). In an Iv Segment Ill study, decreased pup 1urvlval and growth and offspring beh1vlor1I 
changea (hypel'ICtivlty) were observed at do11111low11 50 mg/kg, with maternal toxicity over the 11me 
don ,..nge, The developmental 1ffecta of toaphenytoln were very 1imll1r to thoH reported In the literature 
fottawlng administration of ph1nytoln to rat1, and they occurred at maternal plasma phenytoin lev111 
comparable to those 111oci1ted with developmentally toxic do1e1 of ph1nyto1n (le, therapeutic levels or 
gre1t1r). The 1ppe1r11nce of n1urotoxlclty (lethargy, ataxi1, and Imbalance) ha• prevlouaty been reported 
1t pluma phenytoin concentration• aJO ug/ml, which 11 con111t1nt wtth the level• ob1ervld In th• pre11nt 
study followlng neurotoxlc dOHI of fo1phenytoln. Embryolethahty, IUGR, and d1fect11ncomp111ing the 
cardlov11cu11r, urogenital, crenlofaclal, 1nd 1k1letal 1y1t1m1 have been variably demon1trated In mice, 
rata, and rabbfta expolld to phenyt<Hn In ut•ra. Cardiac matform.tton1 11m111r to thoee '""In HO fetuses 
in the rat Stgment I 1tudy wtth foaphenytoin are \yplcal of tht fetal hyd1ntoln 1yndrom• In humane 11 well 
as tho1e pr1vlou1ty reported In phtnytoln-expoUd rat fetun1. The Incidence of ectrodactyly waa 1110 
increaHd In HO fo1ph1nytoln treated fttu111 In thl1 atudy, and digit malformatlon1 such 11 adactyty and 
digital phalang1al hypoplasla have been reported In rod1nt1 and huni1n1 following prenatal exposure to 
ph1nyto1n. OecreaMd poetnatal viability and growth, chromodacryorrh11, lncre11ed locomotor activity, and 
e1reling behavior hive 11ao been reported In rat1 after prenatal phenytotn •><Po•ure (Vorhees. Teratology 
35:287 .. JOJ,'87). Thus, 1tudle1 examining th• reproductive and develo;.imental effects of fo1ph1nytoln 
confirm prevloua ftnding1 with phenytoln, but do not indlCltt any addltlonal toxicity r11\.1lt1ng from 
1dmlnl1tr1t1on of the prodrug. 

Fosphenytoin Wll c111togenlc In VTQ Chinen ham1ter lung cells in vitro but negative in In vitro mutagenlclty 
••NYI Ind in the mouae mlcronucleu1 te1t In vivo. The sponsor poetutated that the claatogenlc offect was 
aue to the generation of formltdehyde in vitro, since th• affect w11 •••n In th• metabolic actlvr..tlon a1s•i 
only. Phenytoin w11 reportedly not c111tog1nlc In previous 1tudlt1 with CHO eell1, while fcirmaldehyde 
ha1 bffn reported to induce chromoaom11 1berr1t10n1 in vitro In CHO cella at concentratlona 11 low •• 
~ ug/ml. M mentioned above, formaldehyde &1 genoto>ck: In a variety of in vitro 1111y1, eg, 1ncr1a1ed mutation 
frequenciea in Chlnete hamtter V79 c:ell1 were Induced by formaldehyde at 0.3·1 mM concentratton1; but no 
in vivo mutagenlclty h11 bffn reported. Attempt• to measure formaldehyde In culture• tre1ted with 
fo1ph1nytoln were unsucceuful. Addition of formaldehyde dehydrogenaae to th• 89 11 1 pc11lble approach 
to lddrnalng thl1 queatlon. Allhough one could 11sume that conversion to phenytoln would tako place in the 
pr111nce of S9, th• extent of fotphenytoln hydrotyata In vitro waa not meaaurld in any of the genotoxicity 
a111y1. It 1eem1 Ukety that th• claamgeniclty of fo1ph1nytoin 11 d•Je to formaldehyde formation, but thla haa 
not been 1upport1d by data and cout,1 not be atat.d tn the labeling Without addltional work. 
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Labeling 
... I 

The Carcinogenicity and Pregnancy sectJons of the labeling are inaccurate and/or inadequate. Despite the 
findings in Chinese hamster lung cells, the 1t1tement Is made that fosphenytoin was neither mutagenic nor 
clastogenic. The pregnancy category should be 0, based on the known· or at least strongly suspected -
human developmental toxicity of phenytoln; and since phenytoln has a pregnancy waming, fosphenytoin 
warrants the same. The warning needs to be 11pdateid or rewritten by the sponsor so that the information 
reflects the current sclentlflc conaenaus regrrding the 1ft1ct1 of phenytoln on human development. Where 
adequate data are av•il•ble, rlak estimates and factors affecting r11k should be Included. The fosphenytoln 
animal findings, which lrfl given 1 sentence In the proposed labeling, should be described in more detail. 
There are alto some minor errors in tha Mechanism of Action section. Suggested changes are as follows: 

Mechanl1m of Action 

In the second par1gr1ph, replace the first thrH sentences With the followtng (In italics; sponsor's 
reference numbers retained): 

After intr1venou1 (IV) adm1nletration to mice, tosphenytoln blocked the tonic phase of maximal 
electroshock seizures at doses that are equivalent (on • molar b11l1) to those effective for phenytoln. 
In •ddltlon to its ability to suppress maximal electroahock seizures in mice and rats•, phenytoln 
exhibits anticonvulsant activity agamst kindled focal and secondarily generalized seizures in ratr. 
aud/ogftnlc tonlc-c/onie seizures in mice•, and generalized 111tures produced by electncal stimulation 
of the bralnatem In rets'. The cellular mech1nl1m1 of phenytoln ... 

C1rclnog1n11la, Mut1g1n1al1, lmp1lrm1nt of Ftrtlllty 

Replace tha second sentence in proposed text with th• following: 

The carcinogenic J>('tenti•I of fosphenytoln ts not known. Structural chromosome aberration frequency 
m cultured V70 Chinese hamster lung cells was lncre11ed by exposure to fosphen ytoin 
concentretions ~ 1000 ug/ml in the presence of metabolic activation. No evidence of mLJtagenicity was 
observtd In bacte1ia or Chinese hamster lung ceHs in vitro, and no increase in micronucteus formation 
occurred after administration to mice in vivo. 

Add the following doa•g• information to the last sentence: 

.... following lldminlatration of fosphenytoin during mating, g11tatlon, and lactation at doses nf 75 and 
150 mg/kg/clay, or approximately 40% and 80%, respectively, of the maximum human daily dose 
(MHDD: 30 mg/kg) on s mglm2 basis. 

Pregnancy - Category D; see Warnings. 

Add the fotlowtng sentence at the beginning nf the first paragraph of the current. or updated. Dilantin 
Usage In Pregnancy warning: 

Although there ,,,. no 1tudie1 of fosphenytoin in pregnant women, epldemlologlcal data indicate that 
prenatal expoauf9 to phenytoin msy mcrease the risks for congtnltal ma/formations and other adverse 
developmental outcomes. 
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L'•~ge In P~nancy: A number of reports suggests an association betwHn the use of 
ahn

1
t
1
1deplleptic druga by women with epilepsy and a higher Incidence of birth defects In 

c ren bom to thtM women. Data are more eX11nslve wlih respect to phenytoln and 
phenobarbital, ~f8.are atso the most commonly pntscribad antiepUeptic drugs: leas 
systematic or a · at report• suggest a possible slm!lar association with the ua.t ot all 
known antieplleptlo drugs. 
The reports 1ugg11ting a higher Incidence of birth detects In children of drug.trvattd 
eplfepUc women cannot be regard«' as adequate to prove a dnflnite cause and effect 
relationship. There are intrinaiC. . method9k>gic problems in obtaining ad1quate data on 
drug teratogen~ in humana: genetic faotora or the epHepttc condltion. ltlllf may be more 
Important than dNg therapy tn lladtng to birth defects. The great maJoritY of motnera on 
antleplleptlo medtcitlon deliver nonnll lnfanta. ll la lmportanl to note-thaf antleplteptlc 
drugs ahould not be dleconUnued In patltnta In whom th• dNQ le admlnlltered to prevent 
maJOr eetzurea, bloa~iee OI' the atrong polllblllty of preotpltatJng atatua 1plteptlcu1 with 
attendant~ and threat to life. In lndMdual ca•• where the HYtrftv and frequency 
of the MlzUre dl8order are such that the removal of madlcatlon doe• not pou a urtoua 
threat to the patient, discontinuation of the drug may be con1td1red prior to and during 
pregnancy, althougtl tt cannot be uld wtth any confidence that even minor 11lzure1 do 
not pou aome hazard to tht davetoPlng embryo or fetu1. The p~ ph~n wttl 
wl1h to welah theM oonalderattona In ~reatlng or counseling eplleptto women of Chlldbear. 
Ing potential. 
In addition to the reporta or Increased Incidence of congenhal malformatton euch as cleft 
lip/palate and heart malfonnatlona in children of women receiving ~oln and other 
antleplleptJc druga, thera have more recently been repona of a fetal ntoln eyr:tdrome. 
Thia conaf1t1 of prenatal growth deficiency, mlcrocephaty. and men dtftctt~ In chit· 
dren bom to mothers whO have reoelved phenytoin, barblturatea, alcohol, or tnmetha· 
dione. However, theu f11ture1 are all Interrelated and are frequently aasoclatld with 
Intrauterine growth retardatlon from other causes. 
There have been llolated renort1 of malignancies, Including nturoblutoma. in children 
wnoae mothera reoeivld phenytoln during pr1gn1ncy. 
An.increut l!'t eelzure frequency dunng pregnancy occurs In.a high proportion of patiant:s, 
becauH of altered ~ytoln abaorption or metabol'8m. PeriOdlo meuurement of Hn.Jm 
phenytoln ltvela la partlCularty valuable In the management of a pregnant tplleptlo patient 
as a guide to an appropriate adjustment of doaage. However, poetpartum rt1tor1Uon of 
the original dosage will probably be Indicated. -
Neonatal coagulation detects have been rerorted within the flrat 24 hourw In babte1 bom 
to epllepUo mother1 receiving phenobarbUa and/or phanytoin. Vitamin K haa bten ahown 
to prevent or correct thla defect and has been recommended to be given to the mother 
before delivery and the neonate after birth. 

Add the followtng paragraph after the human pregnancy lnformatton (1pon1or'1 reference number) 

Fosphenytoin d.,,,anatr1t•d develapment1/ to1'icity, inoludlng atrut:tur•I and behavioral 
tsratogenlclty, In rats, When fosphenytoin was adminlatel'fd to female rat• prior to ancJ durmg 
mating, pregnancy, and lactetlon (25, 75. or 150 mgAfglday), increased frequencies of 
malformation, c»ath, and functiOnal impairmtnt were ob11rved among th• offspring of dams rec•iving 
150 mg/kg/day, or approximately 80% of the maximum human dilly daat (MHDD: 30 mg/kg) on 1 
mglm2 balia. Thll dole produced peak matemal plasma phenytoln concentrations approximately 2·4 
times human ttterepeutlc levels (10-20 uglml) Offspring growth Wd rfduc:ed by closes of 75 
mgA<Qlday (40" of MHDD on a mglm2 basis) or greater, and matem•I toJ<lolty waa evident over the 
same dolt range. ~pregnant rats wtAt glVln fosphenytoln (10, 50, or 100 mgA<glday) during the 
period of tmbtyonlc orgenogenesis, growth retardation end abnormal poatn1t1I function were 
observed In offsprtnQ expoaed to 1 oo mQlkQ/d•Y (50ff of MHOO on 1 mghn2 btala). Overt maternal 
toxicity wa.t a/«J 1uoclated with this dose, When lem11/1 flfl rtt:•lved foaph•nytoln during the last 
third of pregn•ncy •nd throughout lactation (25, 50, or 100 mQA<g/d1y), d1cr1111•d offspring 
viability end growth and alterations in ollapring beh1vlor w•r• ob11rv1d at doses of 50 
mg/kg/day (309' of MHDD on 11 mglm2 basisJ or gr••t•r. M1terrr•I toxicity w•• noted over th1 
sam• doae range. Th• developmental elfflCts of lo1phenytaln In rara w•r• 1/mlla1 to tho11 which 
have bun r•orted fol/owing administration of phenytoln to ratr. 
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IX. RICOMMINOATIONI .. • 

The NOA 11 8PPfQVlbte with rtlpect to the pharmacologyltoX1oology portton. Recomm•nd1t1on1 concerning 
the propoHd l1bettng are made 1n the Ev1lu1tlon aectlon of th• review. 

cc: 
NOA (20-450) 
Div Fiie 
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Revf1w and Ev1lu1tton of 
pl\lr111&co l of tnd f 911lco1 ay 
conttnu1t1on Of B1vtew ' 

N l>A " " · t'ro 

Drugi 

Cateaor.r: 

·Yl53-010 

Anttconvulsant; prodrug f~r ph1nytoin. 

Sunnar,r: 

It w11 potnt1d out 1~ our team meeting for thfs new drug that th• )n vtvo 
hydro1~sts of, ·9153 occur• fn 2 steps, producing one mole of form1taiftyde 
for t&ch molt of prodru9. ln th• fntttal c1tn1ca1 Pha11 I trtal, th• top do11 
of 2250 mo would produce 5.S 1110lt1 of HCHO. Th• po11fbl1 hazard from thft 
burden w111 bl dt1cu11td fPOllt 11v1r11 dtff1re"t v1fwpofnt1 below. All 
c1lcul1tton1 are 9ro11 1pproxtM1tfons. battd on 1v1111bl• tnformat1on. 

, . 

2. 

OSHA hat adopted a p~rmf s1tbl1 1xpo1ur1 level for toxtc effects of 
for111ld1hyd1 other thin canctr of 3 ppm 11 an 8 hour ttme w1tght1d 
1v1r1v1. 1nij 10 PP• ma•tmum peak conc1ntr1t1on for 30 mf~utes fn an 8 
hour p1r1od (Thtrd Annual Report on C1rctnog1n1, USDHHS Publtc H11lth 
S1rvfc1. September. 1V83, p191 73). It ha• b11n r1p.Q rt1d that wor.kers 
1xpo11d to 'or1111ld1hyd1 1t 1 conc1ntr1tfon of 7 mg/Ill"' d1v1loped blood 
l1v111 of 0.6 • 4.0 •gll. Tht duration of txpo1ur1 w11 not gfv1n 
(J,P1otrowak1, Expo1ur1 Tests for Organic co..,aoundl tn Induttrftl 
Toxtcology, Gint Pr1nttn~ Offf~e. DC, 1977, p. 122). [tm3

3
• 1000 l; wt. 

of 11r • 1.2~3 9111/l It ooc.+ 760""" Hg1 th1r1for1 7 •glm • 7 
n1g/l .i:v3 kg • 5.4 mg/kg • 5.4 PP• fn a1rJ 

Since 5.4 ppm of HCHO·~• maximum of 4 mg/1 tn blood, th• 10 ppm maximum 
1llow1d b,v OSHA would-,,1pproxf111t•l17.4119 HCHO/lfttr or 2t~5 mtg 
HtJilUl fn blood. Thfs ~tgur1 should more or 1111 rapr111nt t maximal 
iTTOWibl1 blood l1v1l of HiHO tSf''~"J,: to IA. I' w1 thin •••u• tfiat thi 5.5 1110i11 or RcRb £h1 1r1pi~ i'o• ~~ prodruo 111 appear fn th• 
c1rcu11tton (1v1. volumt 5 ltt1r1) th1 conc1ntr1tfon would b• 33 mg/1 or 
1,1"" l or 1 roxf111t1l 4 fold ht her than the 0 H 1 vtl llowed. 
owtv1r, 1 a very cru 1 11 11 .- 1 ftCT t a a are no r11 y 

1v1111bl1 for taking the tt1111 factor 1llow1d under the OSHA lfmft tnto 
con1td1r1tfon. 

Th1r1 fs 1 great deal of 1nfor1111tton tn tht 11t1r1tur1 th1t tugg11t• that 
tt ts for•fc actd that fl r1p1on1tbl1 for tht ocular toxfcfty and 
acfdottt 111n followtn9 1cut1 111th1no1 pufsontng (methanol_.,. 
'orm1ld1hyd1--1)- formate). Tht1 toxtctty would 61 of greater concern when 
d11ltng wtth 1 drug to bt uttd ~cutely thin would pot1ntt1l 
carctno91ntctt1. Although 1 role for HCHO has not bt•n clearly ruled 
out, txperf1n1~t1 fn monkeys 1ugg11t that the resultant formate level• are 
of mort concern. 
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3. 

4. 

In 1 llOdtl fn rhesus MOnkeys for M1th1nol ocular toxfcity 1nd .. tabo11c 
acfdosfs, for ... t• blood and CSF 11v11s of 7 Jo 34 .. q11 were 111oct1t1d 
wfth optfc dfsc44 .... morphological 1lt1r1£ on1 tn optic nerve and 
swtllfng of olfyod1ndroglf1l cytopl11m (Martin· Amat. Ht~rth, 81umt1ch 
et 11, Arch Ophthalmol., YS, 1847·50, 1851-58, 1859-61& •tartfn-AMat, 
et.al.f TAP, ~I. 201·208;-'1~78). Pr1tr11tmwnt wft.h folatt increased the 
111t1bo 11• of To'rutl and decreased the toxtcfty (McM1rtha tt 11, JPET, 
201 1 514·572, 1977). In the propos~d clfnfca1 t,f1l, ff we a•sume the 
!:I' 111q of HCHO 9011 to 5.5 meq of .for!ftatt, wfth 1 blood concentratton of 
1.1 meq/1, there fs 1 minf1111m of 1 7-folu taf•SI factor before ocular 
toxfcity occurrtd fn the 110nkey (whfch 11 tnoug t to 1111t1bolfze HCHO like 
the hu111n). 

It has b11n ~eported that the mechanism for ocular toxfcity caused by 
methanol fs th• fnhfbltfon of cytochrome oxidast by for111te (Nichollt, 
BBRC. !Z• 110-61&, 197&). Sfnc1 cytoehro1111 oxtd111 acttvtty fs low tn 
whit• 111tt1r. 1t has been sugQ11t1a that tts 1ctfvft~ 111y be crftfcal f" 
that tfssu1. f Y 11s'dit1r.1fn1d for format• inhibition of 
c t1c1'rome 01C -••• 1r1 1 ween_ 1n m 1 ove re trence p ut 
ar n- • c p o • • • • , 7) • 81 sed on th h data • 

~lood levels of for!ft• of 1:1' m M would be somewhat lower then thot• 
expectea to produce oxf c h.i. 

In uogt and catt 1dmfntst1red 35 mg/kg (1,2 m1q/kg) of formaldehyde by 
1,v, 1nfutfon, 1 blood HCHO concentration of 25 119/l (0.83 rneq/1) w11 
pruduc1d whfch decltned to about 1 my/1 by 1 hour after the infusion, '4 
x as much HCHO was in 1rythroc~tes as in pl11m1). Thi R''~ plasma · 
concentratfon of for1111t1. however, was 144 •r.1 (3. 1 meq at the end of 
th• tnfu1ton, which d1cltn1d with a T112 of .5 hours. Toxtctty was 
not 1ddr1111d (G. H1lornti et 11, Naunyn • Schmiedebergs A.E.P.P •• 250, 
419·436, 1965). Th111 data would suggest that peak 11v1l1 of the 
p~1sfbl~ mor1 toxfc metabolftt, formate, mfght be 1aproximat1d 11 follows 
for top do11 fn the clfnfcal trfal: 

5.5 •q of HCHO · (155 mg) • 3 m:/kg fn a 50 kg person. If 35 mg/kg 
of i.v. HCHO ~144 mg/1 of formate, 3 mg/kg or HCHO may result in 
oeak blood levels of form1t1 of 12 mg ~r 0.26 meg/1. (This 1s 
111um1ng compar1611 r111tiv1 61ooa 11v es Eo body weight 1n humans 
and 1nf•l1. Actually. dogs may have slt9htly larger blood 
vo1uml/kg of body w1fght than humans, so the estimate for humans 1, 
po11fbly on the low sfde. The 1s1u111ptfon for comp1r1bl1 metabolt•m 
h 1110 Udl). 

Th 1• ffgur-.,1s con1td1r1bly lower than t'.'9 K1 for formet1 tnhtbftfon of 
cytochrOlll oxtd111 and ft ts about 25·30 fold lower than the lowett 
l1v1l1 of for .. t1 111oct1ted with ocular toxtcity in monkeys (see numbers 
2 and 3 1bov1). If fn1t11d. wt 1x1mfn1 tht blood HCHO concentration 
usfn? th111 data, an f .v. do11 of prodrug that y111d• 6.5 nnol•• of HCHO 
(0,1 mmo11s/kg) would be 1xp1ct1d to result tn 1 peek blood 
conc1ntr1tfon of HCHO of o.oa mmoles/lfter, or 1/3 of the max111111 
111owab11 HCHO 1xposur1 a~coratng to OSRX. 

Ev1lu1tlon end R•cO!lll!lndatfqns: 

The above 1pproxt .. tfon1 1r1 extr1t11ly crude, but thvy do provfdt some data 
for 1valu1ttng th• rfsk fnvolvtd fro• 1 drug whfch wf 11 b1 used acutely that 
f 1 1111t1bolfitd to pruduc1 1 mole of formald1h1d1 for every 110l1 of drug. 
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Based on OSHA lfmtts for exposure to formaldth~de. the gu11tf1111t1 fs that the 
top dose of prodrug Dlanned in the r1s1ng dose trta1 (2250 mg) would resu1t in 
anywhere from 1/3 o,.,.~~t .. s the maximal allowable blood level of 
for111ld1hyde. If wt· 111u .. that formate ts responsible for the expected acute 
toxtcty (occular and acfdosfs). there may be an~ere between a 7 fold and a 
30 fold safety factor, b111d on toxfcfty observed tn monk1y1 and blood levels 
of formate 111asur1d 1ft1r 1.v. adm1n1stratton of HCHO to dogs. If we believe 
that formate tox1cfty occurs through cytochr011t oxtd111 tnhfbttton. there t1 
at least 1 1111111 .. rgfn of safety based on the Kt • . . 
In any ca••· ft fs a close call. and ~here are a couple of precauttoni that 
mt9ht be constdered. Monttortng of blood formtc actd, blood pH, bicarbonate 
a"d pC02 ts reconnended. Sfnce folfntc acfd pretreatment hastens the 
elimination rate, a supplement of 2 mg, p.o., mtght be gfvtn tht day before 
the trial. Hovt1v1r, 1f ft ts considered th1t thfs 1, an 1pproprf1te time to 
determfn1 whether or not formate levels tn blood are detectable (since in 
pr1cttc1 there would not b1 tt111 to give fo11nfc 1ctd) I would rtcomme~d 
careful monftorfng for formate levels at all doses before proc11dtng to the 
ntxt hfgh1r dost. SRO ts May 4. so sponsor should be phoned • 

cc: Orig.IND 
HFN·l20 
HFN-120/JContrerl/5/2/8' 

/GFttz91r1ld 
rd/pjd/5/15/86 :ft/!i/lei/StJ 
doc 0471f 

• 

. : { -el;,,.. t.J ... jt"A.~. , , • : ,( 
Glenna G. Fitzgerald 1·1, C> 
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Review and Evaluation of Pharmacology and Toxicology 

Memo to File 

NOA: 

Sponsor: 

20-450 

Parke-Davis Pharmaceutical Research 
Ann Arbor, Ml 48105 

Drug: Cerebyx (fo1phenytoln sodium) 

Category: Parenteral antiepileptic; prodrug of phenytoin for use in status epllepticus and neurosurgery 

Related IND(s): 

Submission: Response to NOA approvable letter (received 7/15196) 

Contents for PharmlTox review: Sponsor's final labeling (Tab 3) 

Evaluation and Recommendations: 

The sponsor's changes are acceptable, but the following correctionlladdltiona need to be made: 

U1age In Pregnancy, 
8, Risks to Fetus - p 12, last sentence of first paragraph 

Change contribution to contributions. 

Preclinical ~ pp 12 and 13 

Make wording of dose comparisons and plasma level data conslatent (changes in Italics): 

paragraph 1, sentence 2: ... (spproJCimate/y 30% of the maximum human loading dose or higher on 
a mg/m2 basis), which produced peak maternal plasma phenytoln concentrations of sppfOJCimately 
20 uglml or greater. 

paragraph 1, aentence 4: ... (approximat11y 10% of the maximum human loading dose on• mg/m2 
ba11;,;) ... 

para 1raph 2, sentence 1: .. (approximately 50% ... 

paragraph 2, sentence 2: ... (approximately 120% .. 

C1rctnog1n1ala, MutagenHla, Impairment of F1rtlllty - p 18, last sentence of second paragraph 

Add the followtng (in itallca): Maternal toxicity and altered estrous cycles, delayed mating, prolonged 
gestation length, and developmental toxicity were observed following admlnlatration of fosphenytoin 
during mating, geatltion, and lactation at doses of 50 mg PE/kg or higher (approximately 40% of the 
maximum human loading dose or higher on a mg/m2 basis). 

cc: 
NOA (20-450) 
Div File 
HF D-120/G Fltzgerald/EFi1her/RNlgh1wander 

"}f I 1/r/ff' 

E. Fisher, Ph.D. 
July 24, 1996 
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IMPORTANT NOTE ... 
A previous Division of Biopharmaceutics reviewer requested that the Human 

Phannacokinetics and Bioavailability portion of the NDA be written with fosphenytoin doses 
and administration rates expressed in phenytoin equivalenu. Since the molecular weight of 
fosphenytoin is 1.SX the molecular weiaht of phenytoin, phenytoin equivalents were 
calculated by multiplyina the dose or adminstration rate of fosphenytoin by 0.67. 

Not all of the NDA hu fosphenytoin doses and rates expreaed in term:t of phenytoin 
equivalents. Fosphenytoin wu initially developed b! and Parke-Davis 
did not conven ' studies to express fosphenytoin do1e1 and rates in phenytoin 
equivalents. 

The studies conducted after Parke-Davis' acquisition of fosphenytoin are the most 
critical in evaluatin& the application. Thus, they constitute the majority of the Synopsis and 
Summary. In order to provide consistency between photocopied pCll'tions of the NOA and 
portions of the review constructed d~ novo by the reviewer, doses and rates of fosphenytoin 
will be expressed in phenytoin equivalents in all portions of this review prior to the 
individual study reports. The convention used in the individual study reports ( Appendix 2 ) 
varies accordina to that used in the NDA and is detailed below. 

The following studies were conducted by doses and rates are expressed 
WITHOUT conversion to phenytoin equivalents: 98201, 98202, 9820~, 98206, 98207, 
98210, and 98211. Studies 98213, 98214, 98215, 98216, 98218, 98220, and 98224 have 
doses and rates of fosphenytoin expressed as phenytoin equlvalenta. 

Durin1 site visits by the Division of Sciendftc Investi1ations, it wu determined that 
pluma concentration measurements of fosphenytoin from studies conducted by Parke·Davis 
were inaccurate due to an error in the wei1hin1 of standards. This error did not affect 
dosina of fosphenytoin. Parke-Davis hu since determined that the accuracy of pluma 
concentration measurements of fosphenytoin from studies is uncertain. A description 
of these·inaccuracies is given in the •Response to BIRs identified in 483 Forms" secdon of 
this review ( p.zo). The errors in fosphenytoin concentrations have NOT been documented 
in the individual study rtporu (Appendix 2 ). The values have little bearina on the 
interpretation of studies - the specie of clinical interest is aenerally plasma phenytoin, not 
pluma fosphenytoin. The errors are accounted for in all portions of this review prior to the 
individual study reports ( Appendix 2 ). 

3 



Synopsis ... 
Fosphenytoin is a phosphate ester prodru& of phcnytoin developed u an alternative 

for parenteral phenytoin. Only one fosphenytoin formulation ( the tO@bc .. muketed 
formulation ) was studied clinically. Since fosphenytoin is a phenytoin prodrug and no new 
therapeutic claims beyond those approved for parenteral. phenytoin are being made, proof-of 
efficacy studies were not conducted. Rather, the development pro1rarn hopes to establish 
that fosphcnytoin and phenytoin are bioequivalent sources of phenytoin. 

Study 98224 demonstrates that using the 909' confidence intuval approach and the 
log 80 - 125 ~ C. I. criteria, 1200 mg of IV fosphcnytoin at 150 ma/min is bioequivalent to 
1200 m1 IV phenytoin at ~O mg/min in terms of maximal free phenytoin concentration 
observed (Cmax) and area under the free concentration/time curve from t • 0 to the least 
quantifiable concentration (AUC0 • n.oc>· A desired indication for fosphenytoin is treatment 
of acute status epilepticus. Because rapid attainment of sufficient phcnytoin pluma 
concentration is critical in treatment of status epilepticus, analyses were performed to 
compare cumulative AUC over time. Usina the forementioned confidence interval approach, 
cumulative AUC,,..,... following administration of 1200 mg of fosphenytoin at 150 mg/min is 
bioequivalent to the cumulative AUC,,.,._ followina 1200 mg of phenytoin at ~Oma/min 
from 30 minutes onward. At doses of 1200 ma '"'d rates of ~O and 100 mg/min, 
fosphenytoin is equivalent to 1100 m1 phenytoin dosed at SO ma/min in terms of total 
Aue,,. ... but not Cmax,,. .... 

Fosphenytoin exhibits non-linear pharmacokinetics: u dose and rate of administradon 
are increased, clearance increases. Fosphenytoin is hi&hly protein bound, and its non-linear 
clearance is hypothesized to result from protein binding considerations: u dose and rate of 
administration increase, protein binding saturates and greater concentrations of free drug are 
avaibible to be cleared. Independent of dose and rate of administration fosphenytoin is a 
short-lived specie; terminal elimination half-life of the drug is approximately 15 min and, 
re1ardless of dose or rate of admini•tration, fosphenytoin is rarely quantiftable 5 hrs post .. 
dosina. The conversion of fosph..-nytoin to phenytoin is consistent and essentially complete. 

Unlike phenytoin, fosphenytoin is readily absorbed when administered IM. Average 
bioavailability of phenytoin from 2SO ma of IM fosphenytoin is 101 ". 

Study 98207 examined the disposition of fosphenytoin in renal failure and hepatically 
compromised patienu. Posphenytoin clearance is more than 2 .. fold u areat in cirrhosis 
patients and about 1. 8-fold u great in renal failure patients u in healthy volunteers. This is 
consistent with decreases in pluma protein concentrations in these patients reducin1 
fosphenytoin bindin& and increasina the concentration of fosphenytOin available to be cltared. 

Because treatment of status epilepticus often includes concomitant administration of 
phenytoin and diazepam, a drua interaction study of fosphenytoin with diazepam was 
performed. Neither dru& affected the pharmacokinetics of the other. However, subnwdmal 
doses of fosphenytoin and diazepam were used in the study. 

4 



... 
Th: analytical methodology presented throughout the NOA was a validated 

assay. However, commercially Jlvailable fluorcsence immunoassays for phenytoin are 
routinely used to monitor phenytoin plasma concentrations. Cross-ructivity of these assays 
to fosphenytoin occurs. 

Differences in fosphenytoin disposition between ~e. gender, race or any other sub~ 
aroup were not observed and there is no evidence of atypical phenytoin pharmacok.inetics due 
to differences in fosphenytoin disposition between individuals. 

Recommendation: 

The Human Pharmacokinetics and Bioavailability portion of New Drug Application 
20-4SO meets the requirements of the Division of Pharmaceutical Evaluation I, Office of 
Clinical Pharmacoloay and Biophannaceutics. Our labeUna revisions have been included in 
the comprehensive copy of labeling provided as Appendix 1 of this review. Plaase note the 
"Comments to the Medical omcer" below. 

Comments to the Medical orncer: 

1. Study 98207, Conyeaion Of CJ .. 982 To Phooytoin lnhticnb With Renal QI 
Hepatic Djwso .. A Pilot Study, wu performed at low dose and low rate of 
fosphenytoin ( 2SO m1 at 8.3 ma I min ), and did not measure free phenytoin. The 
use of low dose and low rate fosphenytoin is not optimal because the conditions with 
areatest potential for maximal deviation from the norm are high dose and hi&h rate. 
Failure to measure free phenytoin is problematic because it is free phenytoin which 
would be best correlated with efficacy and toxicity. Althouah the results obtained do 
allow the sponsor to label that fosphenytoin clearance is enhanced in patients with 
renal or hepatic disease, they are of little value in advisina a clinician on how to 
administer high dose and high rate fosphenytoin ( u would be recommended in status 
cpilepticus) to individuals who are hepatically or renally compromised. 
This study does demonstrate that neither renal nor hepatic disease have marked 
effects on the extent of conversion of fosphenytoin to phenytoin. 

2. Study 98211, E_valµatioo or Tho Phannacokinctic IntmctiQn Detwr.en Pi•r-cpam 
111d..:Cl·982· In Hea]thy Male Voluntmp, was performed at submax.imal dose and rate 
of fosphenytoin ( 750 ma at SO m1 I min ) and submwmal dose of diazepam ( 10 mg 
at S ma I min). Diuepam, in status epilepticus, can be administered at doses up to 
30 m1 I 30 min. Althouah a drug interaction wu not observt.d in this study, the 
conditions with areatest potential for maximal deviadon from the norm ( maximal 
dose and rate ) were not studied. 
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List or Studies ... 
Dose Ranging and Tolerance 

98201 -- IV fosphenytoin 

Bioavailability 
98202 •• IV fosphenytoin and IV phenytoin 
98210 •· IV fosphenytoin and IV phenytoin 
98206 •• IM fosphenytoin and IV phenytu~ n 

Bioequivalence 
98220 -- IV fosphenytoin and IV phenytoin 
98224 -- IV fosphenytoin and IV phenytoin 

Dose Proportionality 
98218 •M IV fosphenytoin 

Clinical 
9820.5 -- IM and IV fosphenytoin substituted for PO phenytoin in epileptic patients 
98213 -- IM fosphcnytoin substituted for PO phenytoin in epileptic patients 
98214 -- IM fosphenytoin fur seizure prophylaxis in nourosuraery patients 
9821.5 -- IV fosphenytoin or IV phenytoin for seizure prophyiaxis in neurosurgery 

patients 
98216 -- IV fosphonytoin in status epilepticus patients 

Special Populations 
98207 - IV fosphenytoin in hepatically compromised and rena~ failure patients 

Dru& Interaction 
98211 -· IV fosphenytoin and IV diazepam 

Research Reports 
RR 764-02124 - protein binding or rosphenytoin and phenytoin 
RR-X 764-02114 - pharmacoldnetic meta·anlysis of fosphenytoin clinical trials 
RR 764-02074 - cross-reactivity of fosphenytoln in phenytoln immunouaays 
RR 764-02073 - stabWty of fosphenytoin in blood and pluma containin1 heparin or 

BDTA 



Iotroductloo ... 
The following ( pp. 7 - 9 ) are excerpted from the NDA and provide a suitable 

introduction to the pharmacology and chemistry of fosphenytoin. Statements regarding 
BAIPKJPD within this Introduction are the sponsor's contentions and not necessarily the 
reviewer's conclusions. 

The nomenclature for fosphenytoin is as follows: 

Structural Formula 

Molecular 

Formula 

Molecular \• eipt 

Chemical Name 

Code Dtslpatlom 

USAN 

406.24 

S ,S-Dipbenyl·l·[(pbospbonooxy)methyl]-2 ,4-
jmidaiolidinectione disodium salt 

CI-982 dilodium salt 
PD 135711-ISB 

·9653 

Poaphenytoln sodium 

CAS Reptry Number 92134-98-0 

Otb..-Name 
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... 
Fosphenytoin sodium (bmeafter referred to u folpbeaytoill) ia a prodnl1 of me • 
anticonvulsant pbenytoin, bWmded for puenteral administration. Pospbeaytoin ia 
rapidly and completely converted to pbenytOiD In vivo. 1be pharmacoloaica! otrecta 
of phenytoin derived from fospbenyroin are eatenri•Hy • ume u thote of pareoteral 
pbenytOin. The antlconwlsant effects of phenytoln have not been oblerYed witb 
fosphenytoin prior to convonion to phenytoin. 

2.3.2. Sclentlftc Rationale 

Parenteral phenytoiD ia med for the acute trel!llleat and CODtJOl of seizu111 in patients 
with status epilepticus, for tbe tnatment or pl'O}Jbylaxil of aeizures in padata with 
epilepsy or ill neuroauqical patienu, and u a substitute for on1 pbenytoin when oral 
administration is not feasible. The current parenteral formulation ls pnspand in a 
vehicle of 40• propylene pycol aad 101 ethanol adjusted to pH 12 wiib aodlum 
hydroxide, and can be actmbdllend either Intravenously or intramuscularly. 
Intravenous administration of phenytoin often p:oducea local pain and bumia& and bas 
also been usoclated with hypoumsion, cudiac rhythm disturbancel, and aevere tluue 
necrosis following exuavaudon. Intramuscular adminiatration of phenytOin ii not 
widely used because 111 ablmption ia erratic and umeliable, it crysta1Hzes at the 
htjection site, and it also produces local reactiona. 

Unlike phenytoin, fosphenytoin b fnely soluble in aqueous soludons and ii 
fonnulated in T1US buffer~ a pH of 8.6 to 9.0. PospbenytOiD ii raplclly and 
completely converted to phenytoin in vivo. J>ub.Davia developed fospben)'IOiD u an 
altcmative to parenteral pbmytoin bued on the ummption that ita fonnuladon 
without orpnic solvema at a lower pB would NIUlt in better iajecd.on· or lntulioa
site tolerance ud fewer of tbe complicadoaa usociated with paremml pbeaytoiD 
administration. Tbe development propam focuaed on demoDatradna bloeqmvalence 
between fosphenytoiD and pbenytoin and tbe safety of foapbenytoin. Smee 
fospheaytoin is a pbenytoln pl0dna1 and no new tbenpeutic claim• are beia1 made 
beyond those already approved for puenteral phenytoin. proof-of-efficacy studlu 
were not conducted. 



... 
2.3.3. Poteatial Cllnlcal ~ 

Fospheaytoin ii rapidly ud complttaly. convtltld to phenytom. With IV 
adrulnlttndon of equimo1ar Joectin1 do• It tbe proper me, folpbenytoln producea 
plasma CODCeDU1tiou .>I unbound pbenytoln tblt are equivalent to thole of IV 
Dilandn. PoapbenytoiD 1dmtnt1tered 1M la readily ablOlbed and ii Mly bloavailable. 
Fosphenytoin achillvu therapeutic plaama pbenytoin concentntions with Che followiq 
clinical beneflta: 

• Fospbenytoin la .. i.plftcuuly boUer tolerated at the illjection or infualon lite tban 
parenteral Dilantin. 

• Intravenous admininralion of fospbenytoln bu fewer compllcatiou lban puemen1 

Dllantin, includin1 decieuea ln lntualon rate because of local initadon or 
bypotenaion, cbanpa in &be IV site, and complicadona from inftltndoa. 

• Fosphenytoln can be mtvwt with normal uHno or 51 dextrose in water IDd 
adminiltered without an in·liAe ftlter. 

• Fosphenytoin otfon IM adminlatradon u a viable altoraadve route. 

2.3.4. Intended U1e 

'Ibis New Dnaa Application (NDA) auppons tbe short-term (up to 14 day•) uu of 
foaphenytoin for the acute trlltment and coatrol of aalzuru in patient& with ltllUI 

epilepticua, for the tnwtmtnt ot propbylaxia of aeizurea in padeata with ...,., or in 
neuroaursfcal padentl, ud u a mbsdtute for oral phenytoin when on1 1dmlnlltrldon 

is not feasible. 



Bloequlvalence ... 
It is imperative to read IMPORT ANT NOTE on p. 3 before readina the followina. 
As stated ln the Introduction, the sponsor did not perform proof-of-efficacy studiel 

with fosphenytoin, and deaires that the drua be approved on the buis of bloequivalence with 
phenytoin. . 

Becallle phenytoin is hi1hly ( • 909' ) protein bound in vivo, free phenytoin is the 
specie of clinical importance. Studies 98220 and 98224 are croPOver studies comparing 
pluma free phenytoin concentrations followin1 IV administration of tosphenytoin and 
Dilantin. 
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The results from these studios are excerpted on the tollowln1 pqe. 
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TABLE 3. Comparison of Mean Pree PbenytoiD Pharmacokinedc ParQleter 

Values Pollowin1 JV Admlnfmation of 1200 ma Posphenytoin ud 
Dilantin (N • 12): Studies 982-20 and -24 

Cmu.PWIDL 
emu. hr 
AUC(O.tldc). 111m/m.L 

Cmu, Pl'ml.. 
mm. br 
AUC(O.tlde), a.a1wlmL 

16 iDl/iiilli 16 iDl/iiilli 
151 20.4 4.04 33.2 
0.49 35.2 0.4'6 21.2 

66.l S0.9 14.1 24.I 

100...,.. IOma/!Dlll 
2.71 21.8 3.30 2'.6 
o.52 37.0 0_,3 17.3 

79.5 14.1 87.1 22.0 

150 ..... SO mf'mln 
Cmlx, pa/ml. 3.11 28.3 3.30 25.6 
tmu. br 0.57 51.5 0..53 17.3 
AUC(O.tldc). µ1tarlm.L 15.5 16.6 11.1 no 
Mila · • Ari&ae w of umnDilOllDld diiL 
fltRSD • Relative 111Ddard dtvtadoD ( .. of lllllD value). 

53.8·17J" 
94.7. 121.7 
13.0. 91.7' 

84.., 't n. 7 • 91J" 
90 ~ 69.7 • 129.2 
92.2" 11.4 • H.zb 

9s.a" 12.1 • 111.7'
'19.l • 139.3 
M.8 • 103.2\> 

Rado • llaUo of trMDM"\ leut·lqUll'tl w vllull {Polpba)10il/DUIDdD) uprNllCl u a 
.-0-&11•· 

• ~ Conftdence !At.mval ii tbe ~ coatldmce ...,,,. tor ratio of auaneat leUt·.tqUllll IDllD 

ValUll. 
" Tbtat Yal\lQ 119 buld OD llllilop of ll'llllllllt J.eut.lq\W'U IDllD YalUll. 

Study 98224 demonstrates that, usin& standard bioequivalence criteria on free 
phenytoln data, 1200 ma IV fosphonytoin at 150 m1 I min is bloequivalent to 1200 ma IV 
Dilantin at 50 ma I min based on AUC and Cmax. Dissimilarly, at the 100 mg/min rate and 
usin1 free phenytoln data, fosphenytoin and Dllandn are equivalent for AUC but not 
equivalent for Cmax. 
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FIGURE 13. Cumulative Pree Pbenytoin AUC Ratio Analysis: Study 982-24 

Mela ntiol of AUC for • lllltnlMd (~ It llO llllfmln)IAUC far NfenaDe ..,,......, 
(I>illDdD II 50 lllf'miD) .. plo"9d aloaa wtdl tbe CC11tip0Minl 9K coddeam iatllnll. 1119 •'uhed 
va1ical Uw reprwnt tb9 CU'rmlly lo. ad 125• oaafkWce ln&lrvll baawllrill for biolqaivalwe 
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One of the desired indictions for fosphenytoin is acute status epilipticus. Efficacy in 
this disorder is presumably mte to rapid attainment of high concentrations of plasma free 
phcnytoin. Therefore, free phenytoin AUC<o·TLDC> may not be a measure of relevant 
exposure, and the sponsor was requested to calculate, across the first 2 hours post-initiation 
of dosing, the ratio of cumulative free phenytoin AUC from fosphenytoin administration to 
that from phenytoin administration. At both the 100 an~ 150 mg/min infusion rates, the 909' 
confidence interval for Cumulative A UC falls within the 80 - 125 9' range from about 30 
minutes onward. 

Studies 98220 and 98224 are the only investigations which attempt to show 
bioequivalence of free phcnytoin from fosphenytoin and Dilantin. They provide a scientific 
basis for dosing recommendations when maximal dose I infusion rate is desired ( eg. status 
epilepticus ) . 

Fospbenytoln Pbannacokinetics 

Plasma fosphenytoin concentrations increase with increasing dose and infusion rate 
and then decline with a terminal lm of approximately 0.2S hr independent of dose and 
infusion rate. 

Fosphenytoin clearance is dependent upon both dose and infusion rate. Fosphenytoin 
is highly bound to plasma albumin (approximately 95 9' bound at Cmax following high dose 
I high rate administration ), and the changes in clearance u•. hypothesized to be a result of 
nonlinear protein bindin1: as dose and infusion rate increase, higher plasma fosphenytoin 
concentrations are attained, protein binding saturates, more free fosphenytoin is available to 
be metabolized, and fosphenytoin clearance is enhanced. The figure below illustrates the 
changes in clearance observed with changes in dosing reaimen. 
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FIGURE 1. Relationship Between Mean Fosphenyto1n Clearance Values. 
Dose, and Infusion Rate Following Intravenous 
Administration of Fosphenyto1n to Healthy Subjects 

The effect of the above mentioned chanaes in clearance on the concentration-time 
profilt are not easily summarized. No structure exists which allows for the change in 
c!~c&11ce to be used to describe chanaes occuring "early" in the concentration·time profile. 
'llhat is meant by "early" is prior to the terminal linear phase of elimination. The sponsor 
has shown that concentration-dependent changes in clearance are accompanied by 
proportional chanaes in fosphenytoin volume of distribution during the terminal linear phase 
of metabolism ( Vct_ varies from 4.3L when 100 ma is infused at 3.3 m1 I min to 10.8 L 
when 1200 ma is infused at ISO ma I min). These Vd changes are consistent with a protein 
binding interaction model: as concentration increases free fraction increases and drug leaves 
plasma. The combination of increased clearance with increased Vd1111 result in a constant 
elimination t112• 

Independent of dose, route or rate of administration, fosphenyotin is a short lived 
specie. The total number of individuals receiving serial samplina in studies 98213, 14, lS, 
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16, 18, 20 and 24 was 124 ... 9f these 124 only 7 ( < 69') ht'd detectable fosphenytoin 
plasma concentrations at 5 or more hours post-initiation of administration. 

BasetJ upon equal AUC of total phenytoin from IV phenytoin and from fosphenytoin, 
it appears that conversion of fosphenytoin is t.ssentially complete. 

Special Populations 

A study with renal failure patients and hepaticalJy compromised padents was 
performed. Before examining the first table below (Table 3.), please note that the values 
listed for Cmax, AUC, Cl and Vd require adjustment -- the values for Cmax and AUC can 
be determined by multiplying the table values by 0.753. The values for Cl and Vd can be 
determined by dividing the table values by 0. 753. The values for Tmax, lambda. and t

112 
do 

not require adjustment. The second table below ( Table 7.) is for phcnytoin and no 
correction factor is required. 

TABLE 3. ACC-96Sl PHARMACOK!NETIC PARAMETERS 
(MEAN t SD) 

PUIHHr' ll I 11amc lle1111 -(\Mik) """' (ns4) Ne111\ic (r "4) "'''"'' ( ..... ) 
c., (>4/1L) II.I s: 11.1<1> 21.1 :t lt.I . •1.• * ••• r •• (1in) 11.1 * f.J<•> 21.7 * ••• 11.1 :t 1.4 
~ (hr•1) I.It * 2.• lt.42 :t 1.11<•> 4.71 * 1.11 
t.111 (ein) .... * l.fl(tl) •.aa * i.n<•> 1.11 * t. 71<'-> 
NJC • ...,. ('49hr/IL) 17.1 * •.• JI.I * 1.7 21.1 * 1.2 
~ .... ('49hr/IL) 17.1 * 7.t 11.1 * 1.7 ti.I s I.I 
CL (L/hr) 11.J :t 1.4 21.J * 11.7 11.7 * 1.7 
CL (L/hr/lct) I.Ill * 1.141 1.117 * 1.147 1.111 * 1.147 v, (l) 4.M * 1.11 I.II :t 1.11 1.11 * 1.41 v, (L/kt) 1.1121 * 1.1111 l.IU7 * l.llH I .1144 * •. 1177 

(•). w 
<•> • Ari\Mt\ic .. ,,. _, ,..,.,., •ini•. Mlf'Hftic Hiii *,..... 1\IM1N "'i1,ien 

Wlluea ef helf•liwt1 w" 1.4' a I.II, I.ft* l.•, IM I.II* l.M 1ilMMI fer \ht 
""''· ...,.,ic, * t.IU.1 wel•Mlr ,,..,., ""9C\iwel7. 

<•> • lil"ifina' 4ifft""" free '-'"" •Jecu " < l.H). (He,nit ,. MlllMtf) 
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TABLE 7. PHENYTOIN PH~COKINETIC PARAMETERS 
(MEAN :t 'SD) 

........... ,. ~1h1amc Ac1111 
C\.hiu) "811 (""4) He,1t.ic ("94) 

c •• ~/IL) 4.H :I: 1.21<•> 4.•l :t 1.U 

r •• (hr) 1.11 :1: 1.n<•> t.71 :t t.22 

).._ (hr·l) t.1421 :I: 1.1112 t.1291 :t t.1111 

''" (hr) 
17.1 * ... (~) II.I :t 11. t<•> 

u • ...,. (14eflr/1&..) It.I * 17.4 11.4 :t 11.1 

NJ:.4 C,..etir/IL) 17.4 * 41.t 114.7 :t 21.2 

(•) ...... 

Hl1IU11 (n-4) 

4.21 s l.H 

1.11 :t I.JU 

t.llU :I: 1.H77 

21.1 :I: .... (lj) 

ti.I :t 1.4 

112.1 * 11.• 

<~> - Ari .. \ic Han tM 1\1n41rd d"i1\ien. Haroenic ""' :t ,..-. 1\1"41!'4 M9i1\itn 
ttlvee tf tl1lf·li•• ttrt 11.I *I.I, 11.7 s 7.t. 1"4 It.I :I: 4.1 heurt fer tM rtn1l 1 

heH\ic. w .11tat"97 '''""'-' ,,...,,.. ,...._,iwelr. 
No 1u\l1\lc1l l1 •i•lflcan\ dlffeNM .. ""' MMf'lM a.tt. ... n "'""*" ,,...,,. C, > I.II). 

Using the corrected values, fosphenytoin clearance is more than 2-fold as great in 
cirrhosis patients and about 1.8 .. fold as great in renal failure patients than in healthy 
volunteers; however, it should be noted than the number of patients in :ach 1roup of this 
study is small. Bued on these data plasma concentration monitorin1 for patients with renal 
and hepatic disease is recommended in labeling. 

Visual inspection of fosphenytoin concentration-time profiles does not show 
differences acrosl 11.ae, gender, race or any other sub-group. This is consistent with tile fact 
that phosphatase activity is extensive and differences between individuals are likely to result 
in little or no difference in the conversion of fosphenytoin to phenytoin. 

The conversion of fosphenytoin to phenytoin is consistent and essentially complete. 
There is no evidence of atypical phenytoin pharmacokinetlcs due to differences in 
fosphenytoin disposition between individuals. 
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Dn11 interactions ... 
Standard treatment for status epilepticus at many institutions includes concomitant 

administration of IV diuepam and IV phenytoin. Therefore, the sponsor performed a drug 
interaction study exarninina the effect of concomitant administration of fosphenytoin and 
diazepam on the phannacoldnetic profiles of fosphenytoin, diazepam and phenytoin derived 
from fosphenytoin. No differences in the kinetics of fosphenytoin, phenytoin or diaiepam 
occurred. However, the doses of fosphenytoin and diazepam used in the study were 
submaximal: 7SO mg of fosphcnytoin was administered, labeling is for up to 20 mg/kg ( 
1400 mg in a 70 kg individual ). Ten mg 'lf diazepam was administered, labeling is for 
doses up to 30 mg. Thus, conditions likely to show an interaction ( maximium dose of both 
agents) were not examined. 

The metabolism of fosphenytoin to phenytoin is accomplished by phosphatases. Since 
phosphatases are acnerally not responsible for xenobiotic dru1 metabolism, phannacokinetic 
drug interactions between fosphenytoin and agents which are not phosphate pro-dru1s are 
unlikely. Given the abundance and wide distribution of phosphatases, it is unlikely that drug 
interactions between fosrhenytoin and other phosphataseMconverted pro-drugs would be 
signifiwnt. 

IM administration 

Because phenytoin is not usually administered IM, fosphenytoin IM wu compared to 
phenytoin PO and phenytoin IV. 

A verqe absolute bioavailability of phenytoin derived from a maintenance dose ( 2SO 
mg) of IM fosphcnytoin administered to healthy volunteers is 101" ( Study 98206 ). 

In epilepsy patients being maintained on PO Dilantin, substitution of equimolar IM 
fosphenytoin for PO Dilantin results in an increase in Cmax,,. , ... ..,,.. ( 38~ ), AUC,,. .~mytoin 
( 24~ ), and trough,..,._,.. ( 169' ) ( study 98213 ). This observed increase in Cmax may 
be due to differences in dosing frequency: PO Dilantin was administered QID while IM 
fosphenytoi· ·vas aiven .QD. 

Formulation 

Only one fosphenytoin formulation ( the to-be-marketed formulation ) was studied 
clinically. 

Analytical methods 
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R~ponse to EIRs ldentlned In 483 Forms ... 
Following site inspections for the 98214, 98218 and 98224 studies, the Division of 

Scientific Investigations issu!d multiple Form 483 to Parke-Davis. A review of the EIRs 
detailed in these 483 is provided as Appendix S. We find that two of the BIRs need be 
addressed. The first is identified as 1. in Appendix 5 and is reproduced below. 

1. Reported toaphenytoin concentrations ware in error since 
the water content of the f osphenytoin reference standard 
was not taken into account in calculations. 

The water content of the fosphenytoin sodium reference material 
was reported to be 22.st. The salt form r~prasented only 77.5' 
of the waiqht of the undried powder. The firm did not dry the 
powder on the qrounds that the material was unstable with respect 
to heat. Therefore, the reported concentrations of tosphenytoin 
in plasma are in error, and need to be corrected. Similarly, 
some of the derived pharmacokinetic parameters tor fosphenytoin 
(Cmax, AUC, CL, Vd) require correction. 

In response to the identification of this deficiency, Parke-Davis audited the NDA to 
determine if errors in the calculation of fosphenytoin concentrations occured in studies other 
than 98214, 98218 and 98224. A portion of their conclusions is presented on the following 
page. 
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.... 
Parke Davu-gtMrat1d ltlllliu 
As noted in the October 19, 199S, submission, fospbenytoin concentrations and 
estimates of fosphenytoin Cmax, AUC, CL and Vd in clinical trials conducted by 
Parke-Davis may be corrected by applying a correction factor of O. 753. Fosphenytoin 
free fraction, tmax, elimination rate and half life estimates are unaffected as their 
estimation ·d~ not depend on the absolute value of concentrations used in their 
derivation. Therefore, parameters documenting the rate of fosphcnytoin conversion to 
phenytoin are not affected. Further, phenytoin and free phenytoin conccnttatiom, 
whether derived from Dilantin or fosphenytoin, are unaffected and thus the 
biocquivalt:ncy of fosphenytoin and phenytoin as presented in tbe pending NDA are not 
affec!ed. 

Jenerated studies 
Our submission of October 19, 1995. indicated mat we were attempting to detcnnine if 
the fosphenytoin concentrations reponed in the initial studies 1enerated by 
were also in enor. We have since determined that these concentrations in the 
clinical studies are most likely in error. We have determined the lot number and water 
content of fosphenytoin reference standard used in Protocola 982-007 (renal and hepatic 
disease) and 982-011 (diaz.epam interaction). Our ftndinas indicate that it is likely that 
fospht!nytoin concentrations and parameters in these reports can be corrected by 
applying the same correction factor used in Parke-Davis atudlea. Since these reports 
were prepared by _ we bave not modified the original reports, but have added 
appropriate information to the cover page. Lot numbers, and thus the water content, of 
fosphenytoin reference staod.arda used in other studies cannot be unequivocally 
determined at this time. We have also added information identifying this potential 
problem to tbe cover pages of these reports. These early studies document phenytoin 
pharmacokinotica followq low fospbenytoin doses (Studies 982 .. 1,3), the absolute 
bioavailability of pbenytoin following intravenous and intramuscular fosphenytoin 
dosma (Studies 982-2.5,6,10), the effects of hepatic and renal imuftlcieocy on 
fospbenytOin conversion to pbenytoin (Study 982-7), aod a diuepam·pb.enytoin drug
drug interaction study followina fospbenytoin administration ($tudy 982-11). These 
studies are intended to address questions of rate and extent of fospheaytOin coavenion 
to phenytoiD. Parameters used to reflect these processes (fospbenytoin half-life and 
phenytoin AUC, Cmax, and tmax) are unaffected. Therefore, the conclusiona from 
these studies are not affected by our inability to accurately modify the fospbenytoin 
concentrations in these early studies. 
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. The errors in fosphenytoin concentrations have NOT been accounted for in the 
mdivid~ study repons ( Apptddix 2 ). The values have little bearina on the interpretation 
of machos~- the specie of clinical intereat is 1enerally plasma phenytoin, not pluma 
fosphenytom. 

The second BIR of significance is identified~ 3. in Appendix 5 and is reproduced 
below. · 

3. Failure to uae th• appropriate matrix to prapara QC 
samples tor validating atabilitI in storaga and 
raliabilitJ of the ultratiltrat on step (a••aya ot fr•• 
phenytoin in plasma ultratiltrata) and tor validating 
stability in frozen urine. 

The assay tor phanytoin in sample plasma ultratiltrate included 
the tollowinq stages: frozen storage, thawin;, possible 
retreezin9 and rathawin9, ultrafiltration, dilution, extraction, 
and chromatography. In th• case of the QC samples, used both tor 
validating atability in storage and monitorin; daily performance 
ot the assay, the ataqaa of frozen atorage, thawing, and 
freeze/thaw cycles were conducted after ultratiltration, out ot 
the sequence for study samples. Thua, the po••ibiliti•• that 
phanytoin stability was dittar•nt in PUF v•. pla•ma, that the 
binding protein• were un•table, and that th• bindinq equilibria 
between tree and protein-bound phenytoin diaproportionated durin9 
frozen atoraqe, thawing, or freeze/thaw cycle•, were not 
investigated. The recovery ot tr•• phenytoin during the 
ultratiltration •tag• waa not ••tabliahed. The within-day and 
oatween-day variability of the ultratiltration ataqe was not 
considered. The reproducibility of the ultratiltration stage was 
not monitored during the assay of subject aamplea, becauae 
plasma-based QC aampl•• were not ultraf iltered with each run. 

QC aampl•• for the aaaay of phenytoin in PUF •hould have been 
prepared in fre•h whole p!a•ma. Th• firm replied that phenytoin 
stability in whole plaama wa~ demonstrated, and contended that 
this established stability ot phenytoin meaaured in PUF. The 
conaider•tion• outlined in the ,reviou• para9raph (dittarancaa in -
•tability, atability of bindinq proteins, disproportionation, 
reoov1ry, ultratiltration variability) were not addr••••d. 



There is literature evidence that pluma proteins do not dearade with multiple 
freei.e/thaw cycles, and thereii also litenture evidence that plasma phenytoin can be 1.tored 
frozen for len1thy periods of dme without de1radadon of phenytoin. The NDA provides 
evidence that fosphenytoin is stable when stored frozen in plaama. However. because of the 
improper handlin& of the standards, we cannot cateaorically rule out the possibility that 
differences in stability of fosphenytoin, phenytoin atld/or bindin1 proteins, did occur between 
the samples usayed in studies 98214, 98218 and 98224. We believe that such differences 
likely did not occur, but this belief is not based upon empirical eviclmc:e from the studies 
themselves. 
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Sip-off ... 

This review wu presented to the Division of Pharmaceutical Evaluation I, Office of 
Clinical Pharmacology and Biopharmaceutics on December 18, 1995. Attendees: 

Office of Clinical Phumacology and Blophannaceutlcs: Dn. lako, Malinowski, Chen, 
Gillespie, Baweja, Harris, Miller, Williams 

Division of Neurophannacoloaic Drua Products: Dn. Leber, Feeney, Fitzaerald, Fisher 

Fr ~tl~ 2.~ah~J 1-i/-u ['1~ Robert Harris, Ph.D. 

FT ~ /~~ Raymond Miller, Ph.D. 

FT /Jme~ '14. 12 /21 l,S_ Oene Williams, Ph.D. 

Fr tf~ 1v/,,1/ ,.r- Raman Baweja, Ph.D. 
~ ' Team Lt.ader 

cc: NDA 20-4,0 ( oria ), HPD 120, HFD 860 (Harri-., Miller, Williams, Baweja, 
Malinowski), HPD 340 ( Viswanathan ), HFD 019; Drug, Chron, and Reviewer files 
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STUDY: A dose ranaina tolbnce study ofCI-982 jo healthy yo!unteers: A sinale center study 

PROTOCOL NUMBER: 982-01 ( 9653-86-01) 

RESEARCH REPORT NUMBER: RR 744-00024 

STUDY DESIGN: This was a single blind, dose-ranging study with randomized placebo control. 
The drug was administered by iv infusions over 30 minutes. The dose administered was: 1 SO mg 
(n=S), 300 mg (n-4), 600 mg (n .. 4), and 1200 mg (n-3). The maximum infusion rate was 40 
mg/min. Bloorl was sampled up to 72 hours after the initiation of the infusion. 

DOSAGE FORM: See Formulation Summary: Appendix 3. 

ASSAY: See Analytical Methods Summary: Appendix 4. Heparin was used as an anti
coagulant in this study. 

SAFETY RESULTS: No adverse experiences were reported at the 300 and 600 mg dose. Minor 
CNS adverse reactions including lightheadedness, headache and nystagmus were reported at the 
600 and 1200 mg doses. None of the subjects prematurely discontinued the study. 

PHARMACOKINETIC RESULTS: The phannacokinetic results are summarized in Table 1 
below. Fosphenyioin was rapidly converted to phenytoin with a half·life of approximately 7. 7 
minutes. Fosphenytoin appeared to display linear kinetics in this concentration range. This 
result is consistent with later studies because the highest dosage in this study ( 1200 mg 
fosphenytoin at a rate of 40 mg.lrnin • 800 mg phenytoin equivalents at a rate of 27 mglmL) is 
lower than the dosages at which nonlinearities have been observed. Phenytoin kinetics were 
consistent with those previously reported. Thus, at the relatively low doses used in this study it 
does not appear that fo~phenytoin has a large effect on phenytoin phannacokinetics. Subtle 
changes in phenytoin ph~acokinetics would not have been detected in this type of study. 

CONCLUSIONS: In healthy volunteers, fosphenytoin is safely administered at the highest level 
studied (1200 mg given over 30 minutes). It is rapidly converted to phenytoin. 
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Table 1. Fosphenytoin and plfeiaytoin phannacokinetic parameters. Values are mean ::t: standard 
deviation. 

FOSPHENYTOIN PHENYTOIN 

DOSE Cmax CL Ve Tl/2 Cmax CL Ve Tl/2 
(mg) (µg/mL) (l.Jhr) (L) (min) (µg/mL) (Uhr) (L) (hr) 

ISO 19.9 13.3 2.S 1.15 2.2 3.1 48 10.7 
:1:2.6 Zl.O :l:0.3 :l:O.S :l:0.4 :i::l.3 :t: 11 :1:2.2 

300 36.0 14.2 3.0 8.93 4.1 2.8 48 14.7 
:1:4.6 ±3.2 :l:0.3 ±1.2 :l:0.4 :t:l.0 %4.9 :1:10.2 

600 70.3 14.0 2.4 7.23 6.9 3.2 S9 12.5 
:t:S.O ±2.2 :l:0.3 :l:0.2 :l:O. 7 :1:().4 :t6.4 :t0.4 

1200 135 14.2 2.3 6.SS 18.8 1.4 41 20.4 
I ±lJ.0 ±1.8 ±0.S ±7.4 ±1.3 ±0.3 ::i:l.S ±3.9 
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STUDY: Absolute bjoavailabtti(y gfphenytojn after jntravepous Cl-982 1dmini1tcatign gf 
healthy male yoluotm1 

PROTOCOL NUMBER: 982-02 ( 9653-86-02 ) 

RESEARCH REPORT NUMBER: RR 744-00025 

STUDY DESIGN: This wu a randomized, open-label, two treatment crossover. The 2SO mg 
phenytoin and 37S mg fosphenytoin doses were administered by iv infusions over 30 minutes. 
Twenty six blood samples were obtained per treatment up to 120 hours after drug infusion. Total 
drug concentration in the pluma was measured at all time points, total concentration in the blood 
wu measured at six of the collection times points, and unbound concentration in the plasma wu 
measured at two time points (at the end of the infusion and 30 minutes after the end of the 
infusion ). Treatments were separated by two weeks. 

SUBJECTS: Healthy male volunteers ( n•l2 ). 

DOSAGE FORM: See Formulation Summary: Appendix 3. 

ASSAY: See Analytical Methods Summary: Appendix. 4. Heparin was used as an anti
coagulant in this study, and the temperature at which ultrafiltration was performed is not clear 
ftom the study report. 

SAFETY RESULTS: No major adverse reactions were observed in this study. Fosphenytoin 
injection caused less injection site irritation than did phenytoin injection. 

PHARMACOKINETIC RESULTS: The bioavailability of phenytoin after iv fosphenytoin 
administration compared to after iv phenytoin administration was 99.20/o = 0.031 (because of the 
low variability the two dosages are actually bioequivalent in terms of AUC~ Table 3 ). The 
concentration time profiles were similar but not superimposable at early time points ( Figure 1 ). 
The unbound fraction of phenytoin was highest immediately after the fosphenytoin infusion ( 
Table 1, this result is consistent with fosphenytoin displacing phenytoin trom pluma proteins. 
The effect is quite small because of tho relatively small fosphenytoin dose used in this study ). 
The blood to plasma ratio for fosphenytoin wu approximately O.S for S of the six time points 
measured ( Table 2 ). At the latest time point ( 3 hr ) the ratio increased to approximately 2. 
Thia unexpected result ia likely due to analytical erron caused by the very low fosphenytoin 
concentrations at this time point. AJ described in the analytical section above, the results of this 
part of the study are in question due to the use of heparin as the anticoaaulant. 

Bioavailability would have been better detennincd by a comparison of unbound AUCs 
instead of total AUCs. This is because bioavailability calculations are bued on the aasumption 
that clearance does not differ in the two treatments that are being compared. In thia case, 
fosphenytoin can displace phenytoin &om pluma proteins thereby increasing ft.a and total 
phenytoin clearance. Unbound clearance would not have been affected by this phenomenon and 
thus unbound AUC comparison would have been a better measure ofbioavailability. However, 
because fosphenytoin is relatively short-lived in the pluma, and because the fu of phenytoin wu 
only increased by approximately 1 % due to foaphenytoin this etfect should have had only a very 

s., 



small influence on phenytoin At:.rC. The fact that the phenytoin concentration/time profiles were 
very similar for most of the time period also helps support the validity of the bioavailability 
conclusions made in this study. 

CONCLUSIONS: Fosphenytoin is completely converted to phenytoin after intravenous 
administration. Fosphenytoin does not significantly distribute into red blood cells. 
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Mean Free Fraction of Phenytoin in Plaama -
Analy1i1 of Difference Between Tr•atment• At Each Ti•• Point 

Time 
Since Start Free Fraction of Phenytoin <•> _ 

* - Significant difference between treat•ent• (P <0.05). 
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Mean Blood Concentration/Plasma Concentration Ratios 
c ·9653 as a Function of "'ime 

Time 
Since Start 
of Infusion 

(hr:min) 

0:10 

0:20 

0:30 

0:45 

1:00 

3:00 

N 
Ratio 

Mean (SEM) 
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STUDY: Becau1e of similari&ia. Studies 98205 and 98213 are bein1 reviewed together. 
Evaluation of Phenytgin Lcyela Afier IM and IV ACC-96'3 Administration in Epileptic 
Patients on Chmnic Oral DUanvn Mongtbcragy (Protocol 9653 .. 86-0S or 982-05). 6 S-DI)'. 
Randomized. Double-blind. Placcbo-qmtmlled. ParaJlcl-1mup. Multiltcntcr Clinir.aJ Study of 
Tolerance and Safety of Muldplo Dom of lotramusculvly Administergl Foapbeoytoin 
Sodium CCI-982t Sybstitutccl for Onl Dilantin in Epilcmsy Q[ Neurosuqery Patients (Protocol 
982-013). 

PROTOCOL NUMBER: 982-0S (9653 .. 86-0S), 982-013 

RESEARCH REPORT NUMBER: RR 720-03273, RR 720-03148 

STUDY D~IGN: 98205 - a 2 arm crossover where a single dose of IM f ,sphenytoin ( 
lSO .. 450 ma; n • 38 ) and a sinale dose of IV fo~:phenytoin ( 150 .. 450 mg; n • 40 ) were 
substituted for oral Dilantin in 42 epilepsy patients bein1 maintained on oral Dilantin Bm. 
A single trough concentration wu taken 12 hrs WI' PO Dilantin. Serial sampling wu 
performed for 12 ,."''rs followina IM and IV fosphenytoin 

98213 -- 'doses ( 200 - SOO ma/day) of IM fosphenytoin ... !D) were 
substituted for" • Dilantin in epilepsy patients bein1 maintained on oral Dilantin Qm. 
Serial sampling was performed prior to receiving ffJsphenytoin ( day -1 ) and on day S 
followina the final dose of fosphenytoin in 11 patients. 

SUBJECTS: 98205; 
age: 39.1 ± 12.0 yrs 
38 white, 5 black 
32 male, 11 female 

98213; analyses performed by reviewer on evaluable population ( those havin1 
free concentrations followina both PO Dilantin and IM fosphenytoin ): · 

qe: 38.3 .± 9.2 yrs 
6 white males, 3 white females, l black male, 1 black female 

DOSAGE FORM: see Formulation Summary: Appendix 3 

ASSAY: see Analytical Methods Summary: Appendix 4. Heparin wu used u an anti
coqulant in Study 98205. BDTA was used u an anti-coagulant and ultraflltration performed 
at 37° C in Study 98213. 

SAFETY RESULTS: 982M -- Parenteral fosphenytoin was well tolerated by the 
patients. No clini~\y sipiftcant chan1ea in blood presabre, heart rate, reapL"ltion, 
ne·Jrolopcal status (except nystaamua ), and the electrocardiogram were observect following 
either IM or IV treatment. · · 

98213 - There were no clinically sipiftcant dlfferences in the 
type and frequency of adverse events between fosphenytoin·and Dilandn treatment aroups, 
and the adverse event profile was similar to that expected with· phenytoin therapy. 



PHARMACOKINBTIC ~tJLTS: 98205 ( sin1le dose fosphenytoin) - The data 
are presented on the followina 3 pages (Figures 1 and 2; Table 1 ), and show that, u 
expected, IV adminisuation produces a steeper rise in the concentration time profile than IM 
administration. 

98213 ( multiple dose fosphenytoin) -- The data 
are presented on ppAI- '~ Fiaurc 3, Table 2 ). For at least the first 4 hrs post
administration, free concentrations of phenytoin followina IM fosphenytoin administration are 
considerably peater than those followina PO Dilantin administration ( Fiaurc 3 ). This is 
consistent with a protein bindin1 interaction: when fosphenytoin is present phenytoin ii 
displaced and free phenytoin concentrations increase. It is also consistent with the total 
phenytoin data: total phenytoin is more bioavallable from IM fosphenytoin than from PO 
Dllantin ( Fiaure 3, Table 2 ). This inctt.ae in total phenytoin concentrati~s results in the 
increased free phenytoin concentrations noted. 

Quantitatively, Crnax,_,k11,,_ is 38~ 1reater, trouah,_,...,,. is 16~ areater and 
AUC ,_....,..is 24~ 1reater, following fosphenytoin IM than following Dilantin PO (Table 
2 ). 
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TABLE~ 

Trou9h Phenytoin Level• (~9/lll.) After IV and IM 
Administration• ot ·9653* 

1: wr Poat 
Route Do•• (1151) R - Baaeline•• ·9153 Difference 

1.V 150 7 12.0(1.1) ... ~.0(1.5) 0.0(0.7) 
115 1 22.1( - ) 21.3( - ) -l.5( - ) 
2•0 t 11.3(1.7) 10.t(l.I) -1.0(0.6) 
300 16 13.1(1.1) 14.3(2.0) o.•<o.s> 
345 4 12.9(1.1) 11.3(3.3) 3.4(2.1) 
450 l 7.2( - ) 6.0( - ) -1.3( - ) 

IM 150 6 12.7(1.7) 12.1(2.3) -0.7(0.I) 
195 l 22.4( - ) 21.1( - ) -1.3( - ) 
240 t 12.0(l.I) 11.3(1.7) -0.7(0.3) 
300 16 14.7(2.0) 14.7(2.1) 0.0(0.1) 
345 4 14.1(1.1) . 15.3(1.t) 0.5(1.1). 
450 2 13.4(1.7) 11.1(10.1) 2.2(0.5) 

• - All data are expr••••d •• mean (SDI). 

156 

P-Value 

o.t46 

0.121 
0.435 
0.271 --
0.420 --
0.056 
0.115 
0.117 
o.12t 

** - Concentration• were determined 12 hour• after the patient'• 
laat doae of oral Dilantin•. 
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Study 18213 - denUly umpled PK dela from 1 c.new -

doM(mg/day) n Cma(ug/ml) 
PO DllMtln N ~ 

200 

300 

400 

600 

200·SOO 

... (mg/dly) 

2 

5 

3 

11 

" 

2.51 2.11 

1.11 1.74 

1.14 1.17 

1.28 2.45 

1.51 2.0I 
!G.53 10.17 

1ot1lphenytoln 

Cmu(ug/ml) 
PODilMtin .. ~ 

200 24.4 

300 2 13.1 

4'00 5 11.I 

500 3 21.8 

200. 500 11 1a 
! s., 

... da11 ... la the NIM ••In the grapha °" lhe pr9Vioua ...,_ 
v1luea 1r1 means; valun for 200 • 5CIU .. ll'IMft ! S.D. 
Cmu from iMpec:tion of C va T d91a, AUC from lfepezo6dil 

31.I 

15.1 

19.7 

.u 

23.0 
1.8 

·AUC (.1111 hr I ml) 
PO DilMtin N~ 

ll.05 .... 
24.14 33.57 

31.11 31.71 

21.11 31.17 

21.13 31.14 
1 .... ! 12.42 

AUC ( ug hr I ml) 
PO~ N ...... rt40in 

sou 541.1 

271.3 213.4 

311.5 371.1 

451.1 511.1 

311.1 421.1 
.t 121.4 ! , .... o 

trough ( ug I ml ) 
POOlantin .. ~ 

uo 1.73 

0.11 1.21 

1.14 1.11 

0.95 1.27 

1.09 1.27 
! 0 . ..0 1 0.81 

trough ( ug I ml ) 
PODllentln Nf~ 

17.5 11.1 

10.3 ... 
12.1 , .... 
17.2 

14.0 14.I 
! 5.0 ! 1.1 



CONCLUSIONS: Substitutit>I\ of equimolar IM fosphen1toin for PO Dilantin results in an 
increase in Cmaxrn.,..,,. ( 389') and AUC, .... ,...,.._ ( 24~ ) (study 98213 ). The increase 
in Cmax may be due to differences in dosing frequency: PO Dilantin was administered QID 
while IM fosphenytoin was 1iven QD. 

The eff~t of substitution of IV fosphenytoin for PO Dilantin on Cmax of free 
phenytoin can be inferred. IM administration of fosphenytoin results in higher Cnw,b••• 
than PO administration of phcnytoin, and IV administration of fosphenytoin results in higher 
Cmax, .. .,.. than IM administration of fosphenytoin. Thus, IV administration of fosphenytoin 
is likely produces an even greater increase in C~ than does IM administration of 
fosphenytoin. This increase in Cmax, ... .,... would be expected to result in an increase in 
Cmax,_ ,111.._. Also, IV administration results in greater Cmax,0.,b,.,... than does IM 
administration. Based upon this increased piasma fosphenytoin causing displacement of 
phenytoin protein binding, Cmax,_ ,.._.. should be higher following IV administration of 
fosphenytoin than following IM administration of fosphenytoin. 



STUDY: Absolute bjomilabifitv of phenytojn after intramuscular CI-982 administration to 
healthy male volunteers 

STUDY NUMBER: 982-06 (9653-86-06) 

RESEARCH REPORT NUMBER: RR 744-00028 

STUDY DESIGN: This was a randomized, open-label, two treatment crossover. Fosphenytoin ( 
2SO mg ) was injected into the gluteus maximus muscle over approximately 30 seconds. Six 
volunteers received 2 simultaneous 2.5 mL injections and 6 volunteen received a single S mL 
injection. Phenytoin ( 250 mg ) was administered via an iv infusion over 10 minutes. Twenty six 
blood sunples were obtained per treatment up to 120 hours after drug infusion. Only total 
fosphenytoin and phenytoin concentrations in the plasma was measured. Treatments were 
separated by two weeks. 

SUBJECTS: Healthy male volunteers (n=l2}. 

DOSAGE FORM: See Fonnulation Summary: Appendix 3. 

ASSAY: See Analytical Methods Summary: Appendix 4. Heparin was used as an anti
coagulant in this study. 

SAFETY RESULTS: No major adverse reactions were observed in this study. IM: fosphenytoin 
injection caused less injection site irritation than did IV phenytoin injection. 

PHARMACOKINETIC RESULTS: The phannacokinetii: results ofthis study are summarized 
in Tables 1 - 3. The plasma concentration time curves for phenytcin and fosphenytoin are given 
in Figures I - 3. The elimination half-life for fosphenytoin after IM injection averaged 44 
minutes (Table 1 ), considerably longer that the 15 minute half-life typically observed after IV 
fosphenytoin injection. This result suggests that flip-flop kinetics are occurring (i.e. tenninal 
rate reflects absorption from muscle tissue ). The Cmax was higher and the Tmax was earlier 
when the dose wu administered by 2 IM injections compared to a single IM injection ( Table 3 
). 

The bioavailability of phenytoin ftom IM fosphenytoin (compared to IV phenytoin) was 
101.2 :1: 1.6% (Table 2 ). Bioavailability was not affected by whether the drug was given as one 
or two injections, although the rate of absorption was faster after two injections ( Table 3 ). Not 
surprisinaly, phenytoin Cmax wu lower and the Tmax was later after IM fosphenytoin injection 
compared to IV phenytoin infusion (Table 2, Figure 2 ). 

CONCLUSION: Fosphenytoin is completely converted to phenytoin after intramuscular 
injection. Fosphenytoin absorption from muscle is fairly smooth and appears to follow simple 
first order kinetics with a half-life of approximately 0.75 hr. Thus, IM fosphenytoin appears to 
be a reasonable form of maintenance therapy. 

71 
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STIJDY: Omv;nion Of Ck.982 To Phcnytoin In Patients Wltb Renal Or Hepatic Dins 
Comgmd To Hgltl]y Subig - A Pilot Study 

PROTOCOL NUMBER: 982-0/' (9653-87-07) 

RmBARCH REPORT NUMBBR: RR 744--00029. 

STUDY DESIGN: Sin&le center, open label study with screening, baseline, treatment, ano 
post!Jtudy periods. P.acb individual received 250 m1 phenytoln equivalents of fosphenytoin 
IV administered over 30 min. It should be noted that the protocol allowed patients to 
continue ongoing therapy during tho trial. Documentation of ongoina therapy was n:>t 
provided. 

SUBJECTS: lS males were enrolled in the study: 

TABLE 1. DEMOG~PHIC SUftitAR\' 
(MEAN :t SEM) 

,.,. ... w., 
(Uniu) .... , (n-1) 

Ate (111ra) 14.1 * 1.1<1> 

Mlight. (a) in.a* 1.• 
••i9"t. (k1) 71.1 *I.I 

i1l11DUIC llWll 
"''a\lc (ft84) 

11.1 * f .• <~> 
17'.7 al.I 

It.I ~ t.I 

M11l\h1 (M) 

11.2 * 1.1 

114.1 * 1.1 

•·•al.I 
'""-· 

Values in the above table are mean ± SEM. Renal failure patients required 
maintenance htmodialysis, hepati~ patients had: 1. liver biopsy evidence of cirrhosis, 2. a 
total serum billnibin level Im than 4 mg~, 3. a cmatinine clearance rate of at least 60 ml I 
min. 



DOSAOB F.ORM: see Fomwlation Summary: Appendix 3 

ASSAY: see Analytical Method3 Summary: Appendix 4. Heparin was used as an anti
coagulant in this study. 

PROTOCOL VARIATIONS: Volunteers' #1 ( healthy ) and 12 ( healthy ) pluma sample 
e>..tracts were incorrectly processt-d and therefore omilted. Volunteer '1 (renal failure) was 
also omitted due to •chromatographiC interferences•. Volunteer 113 rece.\ved only a 24 
minute infusion, and wu therefore not included in Cmax or Tmax analy1e1. Volunteers 114 ( 
hepatic), #12 (renal ), #13 (renal ), and #14 (renal ), received modified, or no, treatment 
with their ongoing concomitant therapies. 

SAFBTY RESULTS: No adverse clinical events were reported and no clinically qnificw1t 
changes were observed in the physical examinations, clinical laboratory parameters, clinical 
observations, or electrocardioarams. 

PHARMACOKINETIC AND STATISTICAL METHODS: 

Demographic information was sunnarized for each g':"Oup 
(renal, hepatic, and hepatic) 11p1r1tely. Differences among 
groups were assessed using a one·w~y ANOVA llOdtl for 
continuous data and Fisher's Exact Text for categorical 
data. 



... 
Maximum p16311a concentration (Cmax> and the time of the 
•aximum plas•a concentration (Tmax) were determined by 
observation. 

The terminal or •apparent" disposition rate constant (~n) 
was calculated as the slept of the terminal portion of the 
log-linear plasma concentration versus time curve. 

The t1rmir.1l or •apparent" disposition half-life (t112> was 
calculated by: 

ln 2 

~n 

Area under the plasma concentration versus time curve 
(AUC~) was calculated b~ th• trapezoidal rule up to the 
last quantifi•ble concentration (AUC~) plus the residual 
1rea calculated 11 the ratio of the final plasma 
concentration divided by An• 

Clearance (CL) of ACC·9653 was calculated by~ 

Dose 
CL• ----

AUCo-

Volu .. of distrtbut1ora (Yd) of ACC-9653 was calculated by: 

CL 

CL and Yd values were standardized to each volunteer•s 
weight. 

so 



Differences in PK paaameters among groups was assessed using a one .. way ANOVA 
model. Statistical analysis and preparation of the summary tables were carried out usin& 
SAS. A result WL, deemed • statistically si1niftcant • when the accompanying statistical test 
yielded a cwo-talled probability ( ~value ) of O.OS or less. 

PHARMACOKINBTIC RPSULTS: 

TABLE 3. ··. ·96SJ. ~~RHACOKINETIC PARAMETERS 
(MEAN * SDY 

,., ..... , i1hmH1c &t1111 
~i\a) ""''' <•> ...,.,ic (.-) 
c ... "4/IL) II.I * 11.1<1 > II.I * 11.1 
T •• (tin) •. 1 * t.1<•> •. 1 * I.I 
~ (hr•I) 1.H * 2.• ll.41 * 1.11<•> 
'"' (•ill) .... • 1.11<'> ••• • l.77<'> 
Mot • .,. (14-ttr/el.) 17.1 * •.• 11.1 * 1.7 
Mot.-. "4l'~ir/IL) 11-1 * 7.t u.1 * 1.1 
Q. (L/ltr) 11.a * .... It.I * 11.7 
CL Mrl•t> 1.n1 t I.Vt t.U7 * I.Hf 
v, (1.) '·" * 1.• a.• ~ I.fl 
Ye (L/119) t.1111 * 1.1111 1.1111 * 1.1111 

(•) ..... 

Me1l\tl1 {11w) 

"·' * ••• 11.1 * l.4 
•.Tl * 1.11 
t.11 s 1.11n> 

II.I s 1.2 
21.1 * l.t 
U.7 • 1.7 
t.111 * 1.147 
2.11 * .... 
t.1144 * 1.1177 

(\) ..... .._ .. - •-·•c MM.- •MMI~ .. inl• .... ,..,, .... *,... DIM•N ••ni• 
.. , .... •f half·li•• •N 7.44 * •.•.•.• * 1 ••• - a.a* I.II •iMIMI fer""' 
~·~·.•\ic, * hlllU.r wel•Mlr .,...., """''"''· <•> .. l•••f 1cu\ •ifft,.. f,_ ._,.._, •JICU (I ( I.II). ""'9\ic 9' Mnl\tal) 

st 

--.,-

I 

--·------



TABLE 7. PHENYTOlN PHARIVICOKINETIC PA~TERS - - -

(MEAN * ·so) 

,.,.....,., 111_..c a.... 
(lMiM) ....... (..-4) ...,.,;, <--'> "'''"' (,....) 

c •• "'9/L) '·" * 1.•<•> •.41 * 1.11 ••• * 1.11 

T •• (hr) ... ,, * •.•<•> 1.71 * t.12 1.11 * 1.11 

~ (hr•') 1.1411 * 1.1111 1.ltll * ···* ..... t.1171 

'111 (hr) 17.1 * 1.t<-> ••• :a: U.I"> 11.1 * '·'") 
u • ...,. f14ettr/ll..) ••• a 17.4 ••• a U.1 II.I * t.4 

I«.• fl49'ir/aL) 11.4 * .... 1".1 * 17.t Ut.1 * •.• 
(•) -.. . 
(') • Ari .... \ic .... - ......... ia\iM. ... .... ,. Mlft *,... IUM1t4 ••• ,, ... 

nh111 r,f llelf•li"9 •re II.I a I.I, D.7 * f.t, IM •. I* 4.1 e....ra ftr _... ,_,• 
._.,Is. _, ..... .., ftf..-r lf'Mlll. r11,ll'tiftlf. / 

• nninic1lf11i11tifiaM 4iffe,.... .. ,. .. ~ ~ ... ,. tellfftWtr ,,..,,. (1>1.•J. 

------TABLE 4. 

,.,.... .. , 
lttrcen\ ·MU ....... 
AIMift (l/t.) 
Pre&eift (I/&) 

9653 PROTEIN BINDING SUM4ARY 
(MEAN :a: SO) 

..,.,, (,..,) HtJtiic (nal) 

11.11 * 1.l?Cd 1.14 :t t.24 

1.4 a 1. 7<•> I. t s t. 7:~> 
t.4 at.7 1.1 *'·' 

"'''"'' (Ml) 

4.17 :t 1.47 

4.1 * •.• 
1.1 * t.1 

<•> - li111ific1n 4lff•N1C• ,,.. ,_,..., MJ..U Cl< t.n). (RIMI ,. """"') 
(') - litRificlft\ 41ff•,... ,,.. ,_,.,_, •Jecu (I < I.II). CMeJ•'ic fl Ne1l&tt1) 
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Bast.d on the null hypothesis of no diff~ncc between groups, statistical significance ( 
p < O.OS ) is not reached in nearly all of the comparisons made above. However, the null 
hypothesis of no difference is inappropriate as differences would be expected based upon the 
protein binding nature of the drug and decreases in plasma protein which accompany renal 
and hepatic diseases. The study is insufficiently powered ( 3 - 4 in each group ) to allow for 
the chosen statistical approach to be utilized, and trends. are clearly obsr.:ivable. 

CONCLUSIONS: The dose of fosphcnytoin administered in this study was 250 mg 
phenytoin equivalents at 8.33 mg equivalents I min.. The sponsor has labeled the drug for 
administration at doses as large as 20 mg/kg at ISO mg/min. Clearly, the study fails to 
encompass the condition where changes in drug disposition are most easily obJCrved and 
most clinically serious: following high do.:1e and rate of administtation. Further, free 
phenytoin concentrations were not measured in the study. Since free phenytoin is the specie 
of interest, and serum protein concentrations are altered by renal and hepatic disease (as 
would be expected these alterations were seen in the current study -- see Table on p. ), 
this severely limits the ability to interpret th~ effect of renal and hepatic disease on the 
disposition of free phenytoin from fosphcnytoin. 

Fosphenytoin clearance is more than 2-fold greater in cirrhosis patients than in healthy 
volunteers, and over 1.S-fold greater in renal failure patients. 



STUDY: Absolute bioavailability ofphenytojn from CI-982 jn patients with thcrapet1tjc scrum 
b . . .... bl . b . p enytom concentcat1ons usm1 sta e 1sgtgpe tee mgues 

PROTOCOL NUMBER: 982-10 (9653-87-10) 

RESEARCH REPORT NUMBER: RR 744-00030 

STUDY DESIGN: This was a randomized, open-label study in epileptic patients on chronic oral 
phenytoin monotherapy. At separate injection sites in the same arm., each patient received 128 
ms phenytoin equivalents of labelled fosphenytoin and 130 mg phenytoin equivalents of labelled 
phenytoin sin. ultaneously. Blood was sampled at 2S time points up to 96 hours after drug 
administration. Urine wu collected ju5t prior to the infusions and from 0 .. 1, 1 - 24, 24 .. 48, 48 
- 72 and 72 - 96 hours. Labelled and unlabeled phenytoin and fosphenytoin concentrations were 
measured in the plasma and urine via satisfactory HPLC and GC1MS methodologies. The 
phenytoin metabolite S-( 4-hydroxyphenyl)-S-phenylhydantoin (p-HPPH) wu also measured in 
the urine. 

SUBJECTS: Epileptic males on chronic oral phenytoin monotherapy (n-6). 

DOSAGE FORM: nc-labelled fosphenytoin disodium (229.4 mg/3.2 ml.., Lot #Z88-S-S) and 
1'N.l>c labelled phenytoin sodium (189.9 mg/3.2 mL. Lot #Z88-5·5). see also Fonnulation 
Summary: Appendix 3. 

ASSAY: See Analytical Methods Summary: Appendix 4. Heparin wu used u an anti
coagulant in this study. 

SAFETY RESULTS: No major adverse reactions were observed in this study. 

PHARMACOKINETIC RESULTS: The phannacokinetic results of this study are summarized 
in Tables 1 - 2. The phannacokinetic parameters determined l". these patienu are very consistent 
with what was found in healthy volunt~. The AUC ratio of 13C-phenytoin/1'N-13C-phenytoin 
(i.e. AUC of phenytoin ftom fosphenytoin injection divided by AUC of phenytoin ftom 
phenytoin injection) wu 0.96 with a 95% confidence interval for bioequivalence being 0.92 to 
1.00. Thus, the bioavailability offosphenytoin is vinually unity. 

No fosphenytoin was detected in the urine. However, sllahtly more phenytoin wu 
detected in the urine durin1 the tint 1 hour after fosphenytoin administration compared to after 
phenytoin administration (Table 3 ). This indicates that it is possible that a very small amount 
\lf fosphenytoin ( approximately 1 Yo of the dose ) may be excreted in the urine, where it is 
subsequently hydrolyzed to phenytoin. The recovery of p-HPPH wu higher after phenytoin 
administration than after fosphenytoin administration (Table 2 ), but this difference wu small 
and not statistically sianificart. 

CONCLUSION: This wu an excellent method for detenrainina bioavailability because 
intruubject variability wu completely eliminQted. An intravenous dose of fosphenytoin WaM 

virtually completely converted to phenytoin in patients who were on chronic oral phenytoin 
therapy. 
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TABLE S. PHENYTOIN PHARMACOKINETIC PARAMETERS IN PATIENTS 
(MEAN t SD) 

,.,....._, (YftiU) ·1111 lafuitft<1t> "Mm·UCa·PMn1\eift lftf ... ieft(lt) 

c.. "'8/IL) 1.n * t.11 •.11 * 1.11 
T •• (ein) M.I * ••• J.2,7 * 1.1 
>... ()Ira•') 1.117' * ...... .... * . ... '112 (hrl) •. , * l.t<•> 11.4 * 1.1<•> 
N,r0 , r C,.ettr /IL) •. I * 11.tl'> 11.I * 11.t 
U.,.. C,.ettr/IL) 11.1 * it.I M.2 * ••• 
NJl!/0... (lill•r/11. .. ) 1.Hl * t.144 •.•11 * 1.1 .. 

AUC ltl\it (ACC·tlU/"""1'ei11) ••• * I.Ml 

c.. . ••i- , ......... ,. .... 
T.. - TiM tf 111i- ,,,., cwM\ra\iM. 
~ • TeNial 1ti1iM\i11t ,.-. au\111\, 
\ • TtNial tli1iR1\iM talf•lif1. Alt..,. • MM .,.., •M •IWI IMl•\rt\itft ti \iM U"' f,_ I U \he \i1t ef ~ 111\ 

.-Mif ........... ,., ••. 
AUC_.. • MM _., .,_ ,1 ... ._....ra\i• .. \iN n"' f,.. I \tt illfh1l\J. 
(•) • Arlu.\ic ... • .-.~ .. ,,,,... MIPllftic ... * ,_. n.eaN •i•\i• ,.,.,.. 

tf hllf·li .... ,. II.I* 1.4 ....... *I.I fer .... aac.-c-MU .... "'Mt-llCa~J\lift 
iwf1ti1M, ... ,.et'"''. 

(~) • lu\iniallr ai"lfiaM .Aiff1w WIN• inf•iw et "'Ca-C•tlll ~ 
l.lli·YC,•....,.111 <• ( •.• ,. 

DMee • 1•.I 11 f,..-_.. ~-ACC-INI inf•i• _. 111.1 II f,. "'9 ..... UC..,._JtliR infuaien 
!• .... ef Ute ... , .. ,., 1911111\ ef .... , ..... ,.. ••. 
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TABLE 3. 9653 PHARHACOKINETIC PARAMETERS IN PATIENTS 
(MEAN t SD) 

,.,.... ... , (uni\a) ·1111 lnfuaion 

l•itM (lrt) 11.2 * U.I 
c ... (I.ta/IL) II.I * 11.1 
r ... (1lft) 11.1 * 1.1 
~ (hr1•l) 1.42 t 2.17 
,,12 (1ift) .... t 7.t4M 
NC0 a1 C,.eflr/IL) u.t * I.I 
U...~etir/IL) 11.2 * 1.4 
'A. (L/hr) 11.4 * I.I 
a. (L/hr /llt) l.Jt7 :t 1.171 
v. (l) 1.11 t 1.12 
v. (L/llt) I.IHI :t 1.1117 
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STUDY: Eyaluation of the Phaanacokinetic Interaction Between PiaRJam and CI-982 in 
Healthy Male YolunteerJ .. 'f> • 

PROTOCOL NUMBER: 982-011 (9653-87-11) 

RF.SEARCH REPORT NUMBER: RR 744-00031. 

STUDY DESIGN: single center, randomized. nonblind, 3-way crossover study in healthy 
males. Solutions were infused undiluted by Harvard Syringe Pumps into indwelling catheters 
in the same arm. Treatments were sepan.ttJ by at least 13 days. The treatments were: 

A) fosphenytoin ( 750 m~ at 50 mg I min) 
B) diuepam ( 10 m,,-,•1 ml/S min ; ~ullowed 10 minutes J .. by fosphenytoin ( 7SO 

mg at SO m~ · \~ m ) 
C) diau~parn ( 10 ··:ri.,..,· ... !Jll/S min ) 

SUBJECTS: The valuei bel..,..- are a~1vX'm1tlC: -- 11 individuals entered the study, but only 
9 completed the !'K portion; the table 1,clow is for the 11 who entett.cl. 

25 l s l 1 21 • 11 

He I ffl\ (Cll) 111.1 s 2. 2 111.i • 191 l 

•• '''"· (kg) 
71. 7 ::t 2.8 .... - " 4 

Al I tubJteta ""Hit Caucuiau and non·Aetrora. 

DOSAGE FORM: see Formulation Summary: Appendix 3 

ASSAY: see Analytical Methods Summary: Appendix 4. Heparin was used as an anti
coagulant in this study. Free fractions were determined by spiking with radiolabel and 
ultracentrifugation wu perfonned at room temperature. 

PROTOCOL VARIATIONS: There were n..> protocol variations. There were 2 dropouts. 
Subject #6 withdrew from the study after completing his first treatmerAt ( treatment B -
diazeparn and fosphenytoin ) following diagnosis of underlying borderline hypertension by 
hispersonal physician. Subject 110 was withdrawn from the study after panicipating in 
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tteatments B and A ( treatAtll\t B - diazepam and fosphenytoin and treatment A -
fosphenytoin alone) because of a vaso·1agal episode during treatment A. Subjects 6 and 10 
were included in the safety analysis but not in PK analysis. 

SAFETY RESULTS: One subject ( 110) experienced a vasovagal syncopal episode which 
included hypotension and bradycardia during Treatmen~ A ( fosphenytoin alone ) . These 
events required discontinuation of the study drug. This subject had previously completed 
treatment B ( diazepam and fosphenytoin ) without significant effects on heart rate, ECG 
intervals, or blood pressure. Follow-up evaluation of this episode, which included a 24 hour 
Holter monitor recordina and a more extensive medical history, revealed no cardiologic 
abnormalities, but did detail a previously unreponed episode of syncope during an 
intravenous drua study. In the investigator's clinical judgement, dtis episode was therefore 
related to tbe intravenous infusion but not to fosphenytoin. Ten of the 11 subjects who 
entered the study reported adverse clinical events in at least one treatment phase. These 
events are summari7.ed below. 

Hll i•t.t QL""" Siu 
~yapL"a Ir11t.11nt. Ptr1u 

01111pn and ..... D111eoaa aft4 0•11eJ .. 

"'°"' Al.a. 
(l!tl (11!11) <!fd) IN•l11 

Wl.itsi •• ll1l11Si• 

Pain 1 • 1 2 
t<-> tM •<•> 5<•) 

8urn1n9 
1 1 l • l\ch i119 

1•--tai•Mc'a 'Jal••i• 
Er1\htla • 3 • l 

• l • 2 s .. u int 
2 l 1 l 

T1ni1rntaa 
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. TABLE 10. ADVERSE CLI~J,&~L EVENTS SUtittARY 
(NUH8tR OF SUBJECTS REPORTING ADVERSE EVENT) 

~JIU• •n~ !CIHlll3' 
Adrtrat i:unt llU Alone 01a1tpH Alotit 01UlllM IAd HH 

(llall) (ltal1) (Mell) 

Mua~r of Su•J•C\I 
a.,.rt.int an ~••r•• Ewen\ I 11 7 

My MI .. ,. 2 2 

Muiacht • • 2 
lnf1c\11n Sit.a lnfl..-.4<•> • 1 1 
lnjtc\•lft Sit.a Aeac\ienh> l • • 

! CanU"MCff I tr 2 • • 
lrldycariia l :; • HJpGtena1on 2 • • 
...... ietee•i••• l • l 

Dr1 Wlut.ft • • 1 ........ ·1 • • 
CM\QI ...... , .... I llC•> 2 

1)•111 .... 1 1 I I 
'8ruw111 1 I 2 
S...lenc• 1 1<•> • Slurre4 Speech • l • 
SU. 2 • 2 

Pruri'411 2 I 2 

I • • 
Yiaion Aalfte,..1li\1 I • I 

(•) • l•jec\itA 1i\e nalmilM ••11 U.. fin' 72 ._,. .,. ,,.,,_, iA Tlltl• u. 
(~) • S\1,i1,i11ll1 airtlif inn 4iff•._.. .._..._ \tH'-tftU 4i1_.. 11 ... fl ·1111 1leM IM 

4tlHJ• ....... 4il .... iM I 1111 
All 14,., .. HM\a .,. CIUi•r .. ~ ... iAwlftill\.O' \IM .... i~I, or,,...., rela&M \I ..... 
\tH\Mn,(a). 
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PHARMACOKINETIC aJt4 ~~ ATISTICAL METHODS: 

Ph.\rm~cok met 1c ~.irameters o ·9653. phenytoin, and 
Jil2ep~m w~re Cll,ulateo using non-compartmental methods. 
C11cul~tions were h~s~d on the free acid form of ACC-9653 
~1111 the ocid form of phenytoin. 

Maximum p 1 asma concentrc.t ion (Cm1~) and Vie time of ux i11Um 
plasma concentration (T•ax) were determined by observation. 

The tenninal or "apparent" disposition rate constant (~n) 
was calculated as the slope of the tenninal portion of the 
log-linear concentration versus time curve. 

The tenn1na1 or Mapparent" disposition half-life (t112> w1s . 
calculated by: 

ln 2 
t112 • 

~n 

Area under the plasma concentration versus time curve 
(AUC~) was calculated by tht trapezoidal rule 'up to the 
last quant;fiable concentr,tion (AUCo+r) plus the residual 
area calculated as the ratir· 'lf the final plas11a 
concentration div;ded by ~n· 

Clearance (Cl) was calculated by: 

Dose 
CL•----

AUC()oMI 

Volume of distribut;on (Vd) was calculated by: 

CL 

"n 
CL and vd values were standardized to each subject•s weight. 

L.-..-------------· 
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CONCI.,USIONS; Co-adminiswuon of fosphenytoin ( 750 m1115 ml/15 min) and diuepam 
( 10 m1/2 ml/5 min ) ruurte8 ln pluma concentrations of fosphenytoin, phcnytoin and 
diuepam similar to those observed when fosphenytOin or diuepam wu administered alone. 
It should be noted that fosphenytoin wu not admlnlatered at mllimum dose and rate. The 
sC)()nsor' s labelina of fosphenytoin allows for do1e1 up to 20 maJq ( in a 70 kl individual 
this equals 1400 ma) and rates up.. 22' ma/min. Thu, the do• waa approximately 509' 
of the labeled muimum, and th• nte wu approximately 259' of the labeled maximum. 
Shnllarly, Valium wu not administered at maximum Joae. The do• of Valium used wu 
only 33" of the labclod maximum of 30 m1. Thus, condltlons which have tho anatest 
potential ror pharmacokinetic and phumacodynamie intenction ( maximum dose and rate of 
both c~administered aaenta ) were not addrused in the study. 
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SYNOPSIS 

TITLE A RANDOMIZED. DOUBLE-BLIND, PLACEBO-CONTROLLED. RISING SINGLE
DOSE STUDY OF THE PHARf4ACOKINETIC AND TOLERANCE PROf lLES OF INTRAVENOUS 
FOSPHENYTOIN SODIUM (Cl-982) ADMINISTERED AT·FIVE DIFFERENT INFUSION 
RATES TO HEAL THY SUBJECTS ( PRO'TOCOL 182-18-0) 

U4VESTIGAI08 

CI-982 .ANALYSTlSl 

OBJECTIYES To 1valu1te, in healthy subjects, the safety and tolerance 
of 11c1l1t1ng single dos11 and tnfuston r1t11 of 1ntr1v1nously (IV) 
adm1n1st1r1d fosph1nyto1n compared with placebo and to d1fin1 the 
pharmacok1n1tics of fo1ph1nyto1n and ph1nyto1n following IV 
administration of fosphtnytotn 

STUQY DESIG,tj Randoaiz1d, doubl1~bltnd, pl1c1bo-c9ntrolltd, four-way 
crossover, tolerance, and pharmacoktn1ttc study 

DRUG TREATMENT Fo11ow1ng a r1ndom1ztd, four-way crossover d111,n. 
subjects r1c1tv1d stn9l1 IV infusion do111 of fo1ph1nytoin or p acebo at 
wttkly 1nttrvals. Thi first group r1c11v1d 100, 1200, or 1100 mg 
fosphtnyto1n at 11.75 mg/min (1quiv1l1nt to 400, 800, or 1200 mg 
phtnyto1n at 12.5 mg ph1nytotn/mtn) or placebo (td1nt1ca1 volume of 
fosphtnytotn vehicle adM1n11t1r1d at th1 111111 r1t1 11 the fosph1nyto1n 
dos•)~ Sub11qu1nt groups r1c11v1d th111 11111 do111 of fosph1nytotn and 
placebo at 37.5, 75, 190, and 225 mg/mtn (1qutv1l1nt to 25, 50, 100, and 
150 mg ph1nytotn/mtn). Escalation to the next do11 and/or 1nfus1on rate 
was contingent on th1 1b11nc1 of significant adverse events at the 
previous dost or rate. 

~UBJECI CHARACT£BISTICS AND DISPOSJIIQN Twenty-one men ran,ing tn 191 
from 11 to 43 years (1111n ZI) p1rt1c1p1ted tn this study. wenty 
subjects compl1t1d the study; one subject withdrew for personal re1son1. 

PHARMACOKINETIC~ In 91n1ral. fo1phen1totn plasma concentr1tton1 
1ncr1111d wltho11 and tnfu11on rate, p11k1d near th• end of infusion, 
and then d1cltn1d wtth a t~ of approxtmat1ly 0.25 hour. Mean 
fosph1nytotn AUC(O· .. ) values d1cr1111d with tncr1111ng infusion r1t1; 
but 1ncr1111d with tncr1111ng dost, 1lthou9h less than expected fot a 
drug with ltn11r ph1n11coktn1ttc1. When higher pl11111 fo1ph1nyto1n 
conc1ntratton1 w1r1 1cht1v1d wtth incr111ing infusion rat11, more fr•• 
fosph1nytotn was 1v1il1bl1 for conversion to phenytoin rtsulttn; 1n 
1ncr1111d fosphenytotn clearance. 

Total ph1nyto1n and fr11 phenytotn ph1rm1coktn1t1cs were nonlinear. 
M11n total ph1nytoin Cmax valu11 tncr1111d 1pproxt11t1ly proportionally 
with tncr11111 tn do11. AUC(O-.. ) valu11 tncr1111d at a gr11t1r than 

•--. do11-proportion1l rate; ••n AUC(O·•) values tncr1111d approximately 
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five-fold over the three-fold range of dosos. Whilt Cmax and AUC(O-.,) 
values increased with dosa, they did not increase with increased rates, 
providing further evidence that extent of fosphenytotn conversion to 
phanytoin was 1ndep1ndent of fosphtnytotn ~nfus1on rate. 

Fosph1nytoin displaced phenytoin from plasma protein b1nd1ng sites 
result1ng 1n a phenytoin fr11 fract1~n that 1ncr1111d with increasing 
plasma fosphenytoin conctntr1tton. D1spl1c1m1nt waJ greatest after 
adm1n1strat1on of 1200 mg ph1nytoin aqu1vtlents fosph1nytotn, leading to 
increases in ~~anyto1n free fraction during tht first hour after the 
start of 1nfus1on. During th• ftrst hour, stmtl1r frtt phenyto1n Cmax 
values were seen 1t 12.5 to 50 mg ph1nytoin tqu1\~lents/mtn, whereas 
higher free ph1nyto1n Cmax values t1mporally related to tncr1a11d frte 
fraction were observed at 100 and 150 119 phtnytotn 1quiv1l1nts/m1n. 
Following convers1on of fo1ph1nytotn to phenyto1n, fr11 fraction, and 
plasma free phenyto1n concentrattons w1r1 s1m11tr at all 1nfus1on rates. 
Frte phenyto1n conc1ntr1tton-tim1 profiles after adm1ntstrat1on of 
1200 ~ phtnytotn 1qu1va11nts fo1ph1nytoin at tht two highest rates w1r1 
similar to those histor1cally observed following admtn1strat1on of 
1200 mg D11ant1n at 50 mg/min. 

Renal ph1nyto1n and fr11 ph1nyto1n cl11r1nc11 were independent of do11 
and 1nfuston rate. L111 than 2% of do11 w11 1xcr1t1d as phenyto:u. 
Thus, transient alt1rattons 1n ph1nytoin free fraction d1d not affect 
overall renal cl11ranc1 of phenytotn. 

SAFETY Overall, 881 of fosph1nytotn-tre1t1d subjects 1xp1ri1nc1d 
1dv1rs1 1v1nts compared with 151 of p11c1bo-tr11t1d subjects. A total 
of 220 adverse 1v1nt1 occurr1d fallowing fosph1nytotn treatm1nt; most 
w1r1 mild in int1nsity and attributed to drug tr11t11nt. In general, 
the ov1r111 frequency of 1dvtr11 1v1nt1 1ncr1111d wtth fos~henyto1n 
dose. Oizz1n111 was th• most fr1qu1ntly reported adverse event 
followin9 fosph1nyto1n tr1at .. nt. Other than mild ny1ta99u1 obs1rYtd at 
800 and 1200 mg ph1nytotn 1qutv1l1nt1 of fo1ph1nyto1n, 119n1ftcant drug
r1 l at1d changes w1r1 not ob11rv1d in c1tn1cal laboratory para1111t1rs. 
physical 1xamtn1tion1, 1l1ctrocardtogr11111, or vital 119n1. No deaths or 
serious 1dv1r11 events occurred, and no subject withdrew frOll the study 
as the result of an adverse 1v1nt. 

C,ONCLUSl~NS Fo1p.h1nytotn ts rapidly converted to ph1nytotn; rate and 
1xt1nt o conv1r11on art tnd1p1nd1nt of do11 and 1nfuston r1t1. 
Fosphenytotn dt1pl1ce1 ph1nytotn from plasma prot1tn1, ••P•ttally at 
tnfuston rates gr11t1r than 10 119 ph1nytotn 1qutv1l1nt~/•tn, r11ult1ng 
in increased fr11 ph1nytotn conc1ntr1t1?n' for approx1mat1ly 30 m1nut11 
1ft1r th1 start of tnfu1ton. Fret ph1n1to1n conc1ntr1tio'"··t1• profi111 
s1m11ar to those of parenteral ph1nyto1n c~n b1 t~t~tn1d by 11l1cttn9 
the proper fo1ph1nytotn 1nfuaton rate. 'o•~~·~:totn do11s of 400 to 
1200 mg ph1nytotn 1qutv1l1nt1 at r1t11 "· f 2~ to 110 118 !)h••·1totn 
1qutv1l1nt1/mtn 1r1 acceptably toltratld. H~ .ev r, 11 !.11tn D11ant1n and 
oth1r antt1pt11pttc dru11. d1zztne11, P•;re•th,,.,,,, and other CHS 
symptoms are often r1port1d. 

O:\Cl.C\RR\7 ..... A 
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"' - ~ -o TABLE A. Meaa (~RSO) Fosphcnytoin Phannacokinc1ic ~rameters Followiag lntra1r·eaous Administration of - 1111 

ii~ 400-. llD-. ud i200-mg PhcnyhM1a f.atuivak.'1111 Duse..-s o1r Fospheaytoin 10 Hcalli'ry Suhjccts (982-018) -.a 
t -"' I Dae It.lie c ... .... s1.; AUCto-•) CL • 

Vd~(LJ § (Ill&) (.., ... , (liafml.J (lw) tlw)' (lag • l11id.._) (..U-) ,. 
co • .. 12..J , • ..i (110.6) O.SJ tO-IOI 0.11 Cll.57) J0.1 (11.2) l,IS•I (ll.9)i 4.n {101.19) °' 0 .. ... 2S '" {:6.7) 0.1.l to CtOt 8.24 (IS_JI) ll.1 (IO . ., "'-' (I0.7) 5.90 (J3 .. 01) z .. • ., .. (1.4) ._ ... f6-42) 8.20 r IJ .. 41) a.1 (14.4) I~ <•:s.e, ~ (6.41) - •• tM (61.S) 0.18 (lO .... •. 25 C2S.T1) . ., (7.J) .. (7.8) ~ (l0 .. 12J 

" - t• ... (.M.l) .... (ll.lD) •-» (11.,,, as (?LJ) (23.0 f~l2 (9.33) - au &I (9'.2) UD (11.32) e.n (11.61) fS.t <•.]) (9.7) '" (10.DJ) ~ - 25 .. (l.J) IU3 (U- G.2S (24.8') . ... (l.4) :(3.S) t~ (22.32) • - " i~ 46.1) o..n (l.Q) o.n (l.ll)' 
._, 

(•.I) (18.D) 1~ (13.l6) 
" "' - •• JR (12.2) 0.IJ .... .., ... (Zl.6S) .... (%).OJ (12.7) l..M (10.62) 
..,. ,1·1~ ""· - ... AM (14.1) 0.12 (27.14) G.27 <•JM) .,., (il.T) (II.I) •• (14.24) § ,., ll .. S -~ 04.6) I.IS (21.9) G.M (11.19) .... (15.6) (IJ.9) "" (21.12) 

, I~ !I ! • I OD ·- 25 .. _, (7.l) 0.77 (7.D) 0..29 (JD.~ ... , (1.C'lj ~ (6.6} U1 (ll.29) -.a ·- ,.., ..... c:1.S) O..J: (I! I .,IS) OLD (llD.M) 63.J (12.1) .. (11.'J ~ (Ji6.7S) 

~ ... ... &1 (IO..J) o..a _._.., 
G~ (16 .. IS) Q,.J (ll.9'; RU u,.9) ... q n4.27> 

12111 •• .. (ID.I) O.IJ .. ... G~.2' t';-tlJ SU (11.6) 81 {10.9) MIAS (l.9lj , 
....--- - a.cli •• , .... im6Bi-. 

'c.a. I-61 - m ·Eli•........_ 
MJQl-9) • ~_...tlla1P a c .. n •"uf mrw fNm .._ ... ID ........ lime. 

a. - 9.F a 

. 
11 d 11:-• 

Sltsl> • • I f w , I • .,,. E ('Sol---). 

~ "'1· ·:~.Joi- ..... I •.• ~~ -·~ 1·11 
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TABLB B. MelD (SRSD) PbeaytoiD PbanDlcoklaedc Panmeten Pollowin1 

Intnvenoua Adminlltntioa of 400-, 800-, ud 1200..ma Pbenyioill 
Bquivaleat Dami of Polpbea1to1D to Jlelltby Subjecta (982-018) 

[)me ..... c.a tam ,.,. AUC(O.•) 
<ma> (JDl/mla) (H/mL) (Jar) (llr) "". br/mL) 
400 11..5 I.SO (10.U) O.M (9.'79) 143 (49.P) 171.., (41.l) 
400 1S 1.46 (6.11) 1.01 (St.a) 12.0 (11.1) 164.J ('.0.7) 
400 '° 1.19 (9.47) I.II (SUI) 11.0 (21.S) 17'.0 (29.f) 
400 100 1.23 (10.G) 1.21 (41.27) 14.0 (11.1) 117.1 (20.2) 
400 1$0 1.11 (UO) o.a (Q.M) 12.t 11.7) 17'7.I (14.7) 
IGO 12._ .a (12.19) I. (20. ... , (5'. 490.0 (f7.I) 
IOO Q 1as (11.12) 1.32 (41.41) 12.I (I.I) 4'75.0 (lt.2) 
IOO !O IS.dO (d.12) 1.21 (t7.JI) lt.5 (n.l) 415.1 (21.f) 
IOO 100 lt.23 (23.51) O.tl (14.45) lt.7 (1 •• 0) •. , ('24.1) 
800 ISO ie.u (d.tl) 1.12 (M.S5) 17.0 (21.l) SGl.S (11.4') 

1200 11s 23.41 (12.0) 2.50 (0.00) 2S.1 ~.t) lOJO.O (42.1) 
1200 1' 24.00 (9.lf) 1.62 (26.JS) 17.• - (21.6) 920.0 (20.2) 

1200 50 22.53 (4.U) 1.11 (ll.SS) 21.1 (40.5) 114.J (29.2) 

1200 100 22.11 (6.15) 1.22 (40.lf) 21.t (21.1) MO.I (21.2) 
1200 150 24.35 (7.67) 1.01 (SO.Q) 21.7 (35.3) ..,,, ·(25.1) 

ba. •• It.Me of folpbaq1oba ldillaa. 
emu • Mu.imum ob1wved pa- pt.,...,.. a ••tndclll 
tlllX • n.. of Caut dmM dift'w ttolli-' of tafull& 

'"' • • ............. ,.Ult. 
AUC(O-•) • Nw, .... 1111 plllm ODDM'tfldao dme ...... hm dml mo to laftalll IUM. 
WR.SD • 

01\CLC\OIN\IDtOStA.OIN 
CD/14114 (Ui20) 

llaladve .,...,.,. ......_ <• of-wlul). 
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TABLB C Mean C•RSD) Pne Pbenytoin PbarmlcotiDedc Pmme&en Followiq 
Intravenous AdmiDistntioD of~. 80().., and 121JO..ma Pbeoytoin 
Equivalent DoMI of Fosplllllytoia to llelllby Subjecta (982-018) 

0.. .... c.x tma AUC(o.dcfo) 
(ma) <mt'mln> (q/mL) (W) {111"m/mt.) 
400 12.5 0.000 o.oo 
400 2S O.JM (Sl.6) 0.47 (71.0) 0.21 (173.2) 
a400 so 0.422 (25,0) o.e ('70.1) 1.75 (3t.4) 
400 100 0.460 (26.6) o.a (41.5) 1.51 (30.4) 
400 150 O.Jlt (2'.4) 1.11 (92.1) 1.10 (14.1) 

IOO 12.S 0."5 (20.t) 1.41 (:.2) 3.23 (d.O) 
IOO 2S O.llO (M.7) o.u (G.2) 1.45 (41.4) 
IOO so O.lf7 (20.J) O.O (G.•) 10.U (JO.I) 
IOO 100 1.n1 (47.J) O.M (59,1) U.54 (41.4) 
IOO l!O 0.174 (It.a) 0.11 (24,0) 13.SO (U.I) 

1200 12.S l.C>l.9 (d.S) 1.71 (2.4) 11.e1 (52.1) 
1200 25 1.200 (10.3) l.M (ff.2r 26.25 (I.I) 

1200 so 1.313 (U.6) o.o (34.0) 22.90 Qa.7) 

1200 100 2.on (SJ.2) 0.40 (52.7) 24.SS (14.1) 

1200 ISO 1.720 (7.$9) 0.22 (27.7) %7.73 (3f.4) 
• •. a.a. of fOlplt~vtoia i1JUiiGD: .... 
Cmax • Maxlmua ot..wd plume,,_,._,..__.... 
tlDIJl • nme of Cam. .... dlfflr flam .. of..,... 
AUC(~•) • Ala ... dill,... D;ID 1alllllaa If• "'"' from dml - IO dD of t1at lu& 

d1talaltla---. 
'5RSD • bllllv• ••d•nl dMldcm (91 of w value). 

• ~ ... 

01\CLC\OIN\IU40SfA.OIN 
OJ/14194 (I 1120) 
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TABLB D. Moan (IRSD) Urinuy Pharmacoldnetic Parameters Followln1 
Intravenous Admtnlart&doo of 400-, 80()., and 1200..ma Phenytoin 
Bquivalenl Dosea of Pospbenytoin to Healthy Subjects (982-018) 

~ 

p-HWH no.. llMe 
...,.,... 

-~ Aai cs (all) <mal.W Aa A•• 
(I) (lllJ-"t) c..> <•> 

a 12.S 
400 u 
400 so 
400 100 
400 ISO 
IOO IZ.S 
IOO 2S 
IOO so 
IOO 100 
IOO uo 
1200 12] 
1200 u 
1100 so 
1200 100 
1200 uo 

All 
A.• 
CLr 
•uo 

" -

Oi\CLC\GDl\IU40JtA.OIN 
Q31141M (11'20) 

oJS (U.I) 0"'4A 
O.T7 (Jl.t) 0.211 
G.11 (It.I) 0.321 
I.GI (II.I) 0.3'77 
a.. (lt.'7) O.nt 
l.20 (21.1) O.MS 
1.10 (21.1) 0.2'0 
l.21 (41.2) O.MO 
, .. (1'7.1) 0.lU 
1.21 (17.0) 0.320 1.a aa.O) 0.l7& 
1 ... (21.J) 0.301 
IM (JO.I) O.J"lt 
l.52 (11.t) 0.350 
IA• (JJA) O.JG 

(41.2) .... ('15.7) 1'.3 (25.7) 
(20.t) 4t.t (25.4) 11.7 (25.4) 
(Z7,l) SIA (ll.l) lJ.1 (ll.1) 
(M.2) •1.2 (J3.2) 14.S ('».2) 

OL'> M.2 (21.l) U.2 (21.l) 
(4]) 141.4 (U.1) 16.1 oi.J) F 

(I.II) 121.6 (11.7) U.2 (11.7) 
(11.1) 107.0 ('M.l) 12.7 (U,l) 
(2'7A) US .. (U.I) IJ,7 (U.5) 
(31.f) m.o CM.J> IS.I ('M.3) 

ed.•> 211.1 (ttlS 17.2 -(lt.J) 
(12.1) . 111.t (J.SJ) 1'.7 (J..ff) 

(IAO) • .,,., (22.4) 14.2 (22.4) 
(JOA) 174.2 (21A) 13.1 (21.'l 
(44.1) Jto.O <'•.I) u.o (:U,f) 
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FIGURE A. Relationship Between Meu Pospbenytoin Cmu Valuea, Dose, and 
Infusion Rall Pollowlna Inuavenoua Administration of Posphenytoln to 
Healthy ~ubjecta (Pn>tocol 982·18) 
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0 tu 1 • • • 
lnfllllDfl ..... (mglmln) 

FIOUR.E B. Relauonsbip Between MllD ~hlnytoln aux Valuea, Dole, and 
Wu1ion Iara Followln1 lncnvmaous AdmiJdltntloD of PospbeaytolD to 
Healthy SubjlCtl (Protocol 912-11) 

FarpbeaytoiD dow ud laW. ,... .,. expu 1 rt 11 ,._,... fCIUlvlHDtl. 
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0 
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11DO 

IDOa.. 
(ma) 

.....J F1GUR.B C. Ralat.iollblp 11Cw1111 Poapbeaytoin Miu Half·Ufe Valuea, Dote, &Dd 
ln.fu1ion Rite Pollowln1 llltnvenoua AdminlltndoD of Potpbenytain to 
Healthy Subjecu (Pn>tocol 912-11) 
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PJOUJlB D. Rel1uon11Up Between Poaphenytoin Mou AUC(O.•) Vllut1, Doll, 
and Infusion Rate Pollowin1 lnaaVlllOUI Aclmialllradoa of 
Foaphenytoin to Hlllthy SubjlCll (Paotocol 912· 1 I) 

. 
fo1ph1nyaola dota uul la,._ ,... 111 upn1llll • pll_,.la .,.&Vlltltl. 

ff Note: nn. Y..U. ._ ._"!iijjffi .. ftLI CC: ....... ...,,. p;nTc z!l-+.i! 

O:\CLC\OIN\IK'40591.0IN 
11109195 (12:52) 
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FIOURE B. llelatlon1hlp a.cw- M111 POIPblaytOln Clluwe Valull, Doll, and 
lnfualon 1111 Pollowlq lnnveaoua Admlnlltra&loa of Potpbenytoln to 
H-.ltby Subjectl (Plotocol 912·11) 

Po1phtny&N dom _. ..,.._ .... 111 .,..tatd • ....,._ ........ 

I - ~ ._ ==-..,...,._,-
! --

O:\CLC\OIN\IKNOlll.OIN 
l 1107191 (13141) t07 

-



RR 744-00086 

• 
• 
i. ,, 
I ti 

00096 
.... 

,. 
•no. 

...._~,~--~ ___ _.,..__.,7 ___ _,,,4DD ..., 
-tu • 

104 

PIOUIB P. l.tJ•dotehlp ll&w- MMD Taeal ....,.. Cmn v.-, Doll, IDd 
lltualoa 1111 Pollowill Z..vmOUI AcleweldaD of~ to 
a.Idly lubjecca (PftltOOOI "2·11) 
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(PIOCOOOI. 912-11) 
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11DD ... .,.. 
...___,/..._._.,,",. .... _.~ ... -"'/•--"/ 400 (mg) 
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cooceotratiou 1enetally occurred 30 minutel earlier than m•ximal tocal phenytoin 
cooceatradou. Decpito dllpla=nent of pb.enytoin from plasma protehs by 
fnsphenytoill, mean free pbmytoln Cmax followin1 fospbenytoin wu 35 I less than 
that folloWina Dilandn, wltb the mta11 m1xtm~ dlffereoco occ:urrtn1 at the end of 
infulioa. After convenlon of fOlpbenytoin to pbeoytOID, pluma tne pbenytoln 
coocentndona were dmUar for bod1 treatmeata. At a molar equivaleot dose and l'lle 
comperablo tree and total phenyurio AUC va1uea were obcalDed followiD1 

· fospheny1em and DUand.n. 

SAl'ETY The aature and trequeocy of &dvene evema wese timll•r after foaphenyu 
IDd Dll•ndn; few advone eveau occurnd followlq placebo. Tbe moat flequeat 
adveno eveata after fotpbenyioin ud DUutiD were ayltlplua, dlz:dM11, and 
tlmdtua. Injocdon·llte symptom• (llflamm1doo, pain, and Medon) wen experiea< 
by fewer aubjecca foUowiD1 fospbenytoln (33 ") than DIJandn (13 • ). n.c. wen 
<feltht, 11rioua adverse ovoats, or wltbdrawala due to advone events. No cJlnJcaU· 
alplftcut cban1u occurred i.o cHolcaJ laboratory paramecen, physical examludo 
electrocardlosrams, or vital 1ip1. • 

CONCLUSIONS A molar equlvaleat dose of fospbenytohl admlnilMNd at 50 m· 
pbeo)10m equlvaleDtllmlD producea companbll free and total phlllytoln AUC vt 
but lll&bdy IGwar and delayed maximal free and toCa1 pblDytola CODCIDtrldou 
compared to tboae followlD1 l)IJandn admtniltlled a& tbe w me. Tbe 1tmn1,.: 
tree aad toll1 pblDytolD CODCIDtl'ldon·tlme proftlu au1111t1 tbat f~ytoba 
admlnWnd It 50 ma pbeaytoln equlvalllltllmlD lbou1d be a IUltab1t aubatltute 
DUIDtiD in DODemerpat altuadoaa. PospbeaytoiD bu I 11.mUar aftty profile to 
Dilantln, but ii better tolemed at the injecdoa site. 
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SYNOPSIS 

TITLE A RANDOMJZBI>, DOUBI&BLIND, PLACEBO- AND DILANI'IN9-
CONTROI.I .BD, SINGLE-DOSE snmv OP 'lm! PHARMAcommnc AND 
TOLERANCB PROFII..m OF P.n"RA VBNOUS FOSPBBNYTOIN SODIUM 
(Cl-982) IN BBALTBY SUBJECTS (PRarocOL 982-20-0) 

INVIS11GATOR 

CI-912 ANALYST 

003 

OBJECTIVE To compare the pbumacoldneda of pbcnytoln followin1 sinale doaea 
of intravenously admbliltored fosphenytoin and DilantiD, and to evaluate the safety 
and tolonnce of fospheoytoln compand with Dila.ntiD and p~ 

S1UDY DESIGN Randomized, double-blind, 3-way crossover, pharmacoldnetic and 
tolerance study 

DRUG TR.EATMENT Bach subject received 1200 m1 Diludn, a molar equivalent 
dose of fospbeDytOID, and placebo; •ch treatment wu separated by a 1 .. week wuhout 
period. PosphenytoiD WU iDfuaed at 50 ma pbenytoln equlvaleatl/mia (75 ms/min) 
and DUantlD at 50 ma/mlD. Subjecca were randomlpct 10 that only 2 aubjecra 
received each tleltment (fospbenytoln, Dl1antba, or placebo) at my oae time. 

SUBJECT CHARACTERISTICS AND DISPOsmoN Twelve men nnatna in age 
from 18 to 49 yean (median 30) entered and completed this study. 

PBARMACOICINE11CS Plasma fospbeoytoiD, total pbeayt01D, ud flee pbeoytoin 
coacemradons were quandfted ualn1 validated liquid chromaropaphlc methods. 
Plasma fospbeaytola conceatndom peaked wr the end of tbe infudon. Rapid 
coovenloa of fospbmytoln to pbeaytoln wu ~ from the short mean 
fOlpbeDytolD tl4 value of 0.29 bour. Por tbe ftnt hour after dc>slq, total pbeaytOin 
conceandou followlns fosphenytoln weie lower than tbo11 followlaa DUutin due to 
the time nqulnd ·for coavenioD of fospbenytoin to pbeaytoln. MelD pbenytoln 
AUC(G-ddc) valw followlq foapbeaytoiD wm approxtm•tely 8 S 1- than those 
followlq J>llanda; pn>blbly due to dlft'lllDCll ha total pbenytoln clelllnco U I 
funcdoa of p••sma pbmytoin conceatnlion ntber than lllcomplete coavenioa of 
tospbenytoll'I to p~ytoiD. 

Pree pheaytaln aux val'* aftar fospbenytoln were influenced by foapblDytola 
dllplacemeot of pbeaytoiD from pluma proteins u ma.Yimal free pbeaytOha 

0;\CLC\Jtll\74400143.A '18 
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TABLE 5. Mean (SISD) Preo Phenytoin PbatmacoJciaedc Valw Pollowina 
IDuaveooua Admildlcndoa of 1200-ma Pbenytoin BqulYllent Doaea 
of PospbeDytoin ud DilllldD IAfUled at 50 ma/mbl PbeaytoiD 
SquivaleDU 

~o~ 
p~ DUuda 

N • 12 N•U 
emax. (JllmL 2.6 (20.4) 4.0 (13.2) 
emu. br o.s (35.l) o.s (22.2) 
AUC(().tldc), l'I • b.r/mL 66.l (JO.t) 14.I (M.I) 
AUC(O.•), #Al• br/mL 73.l (M.1) a.a (21.9) 
Aue • ..,.,. s '·' (44.7) '·' (51.1) 
M. hr"' 0.034 (22.9) o.mt (25.6) 
t ..... br 21.1 (30.1) 24.S (S2.2) 
CL. mlJmlll 215 (21.9) DI <»·•> 
Vd1,. L 414 (13.0) 471 (23,4) 

SRSD • ltla&ive ttudard ctevlalioa <•of INID vllue). 

r 
T ABLB 6. Compuilon of Mean Pree PbenytoiA PbarmacoklMdo Puameton 

P0Uowln1 IDtnvlllOUI Adm1lllatradoD of 1200-ma Pbeaytoin 
Bqulvaleat Do• of PoapbenytOiD ud l)llandD ldalld at 50 ms/miD 

Cmu, ~t/111. .... ~ 
AUC(0-4We). ,., . ..,, .... 

Pbenytoln lqulvaleaU . 
P1111,i9)1Qlidlll) M.3. (Wac an) 1t11io ol 1 •a lflllll IOI cald•1 

D1 20.4 12 ,:oa iJ.i 11 "'·'" 13.1. lffl 
0,49 JJ.2 12 0... ZL2 II IOI.a '4.1 • 111.'7 

66.l 30.f 11 74.1 24.I ll 11.Z' 13.0 • tl.7 

M- • ~-J-uufa ..... 
'""D - Mane ........... (I.,_ Vllul). 
H • M_.. of 1~1swlliw C•J• •>· 

026 

• H._,,..mu:d• 111' •flfllllefla ,.,. H)efWt••'-11 ..... w.._ 
• ·' ...... I 211 fn•tfMx I ---'P'BMk'•••=-lf-.lllst ¢1 II 

,.,._. ftluM (1111 :L••> ... , . r• •a ,..,.,IL 
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•Fosphenytoin at SO mg/min 

• Dllanttn at 50 ma/min 

Total Phaytoin 

• 

Pree PhenytoiD 

48 72 96 

Time After Start otlnfuaion (houn) 

028 

PIOUIB 2. Miu TOlll llld P .. PlmytOID Coaoealratiou Pollowlq lmaVeDCNI 
Admlallndaa of 1200-., .... ytola lquiYllmt no. of 
l'olplleaytOID ud D'lantln lntued u 50 malmlD PblDytolD BqulYlllnta 
to 12 Bllltby Subjtcll 
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STUDY: A RandomiHd. Ngnblind. Dilantin·Controllr.4. Sin1lc·Do• Stydy of tha 
Pbvmacoldnepc PmOlo and Tolerance of lntrayengus fospheoytoin So<lium ( Cl-982 > in 
Hll)tby Subjoet1 

PROTOCOL NUMBER: 982-24-0 

RESEARCH RBPORT NUMBBR: RR 744..00152 

STUDY DESIGN: Randomized, nonblind, 3-way crossover study in healthy malea between 
18 and 50 yn. of qe 

TAl'B 1. ....... 
I 

. . 1 was war-'o•' fnk Pilij'r .,.., - &. ; - -
100 150 • 

Treen 211 Jaa1p' 111111 DD=+ Pc p'Pl)1'11a 
.... 1!0 • ,. 

2 

T-e•11t ma.. Pa·~ P11'' q r'1 
~ . ~ ~ 

• ldilt~ ....... ';ant;ua ,~illJ;& iilli™,. ;a; r;: '"k;;;llll ;a a;;; 

SUIUECTS: 12 hMlthy males (10 whlte.t~ other), a1es 20 - 42 

DOSAOE FORM: aee Ponnulation Summary: Appendix 3 

ASSAY: see Analytical Mlthod1 Summary: Appendix 4. SDTA wu uted u an anti
coaaulant and ultraftltradon wu performed at 37' C ln this study. 

PROTOCOL VARIAnONS: There were no protocol variations. 

SAPBTY RESUL~: 

LUSTY n. ... o1 ldvW.,.. wu ebDUv aftlr talpbm'tlDID ud nn..m. 
Nympaua OCCUlllCI wlda...,.., ~ foDowlna brAll llW..,... Bow.,., 
pueatbllla Uld pawillal were DOted men frlqueDdy foJlowlaa ~du 
J>ll•ntln, llld d1a1z111 ocxm1lll 11KD oflm foDowlna l)Dwtn tblD folpte\l)IDIL 
Pmrt&ul IDcl9uld ID ,,.._,, u falpbmJtOID latuloD w m•_,, ~ 
1ympCom1 (bdl•mmetloa,,.. nacdaa, ~ ,... wpmltwd bJ ,..,. 
aubjecra foUowiq fOIPW1'0ia (GS) du D"e• (100•>· Time wa ., •m•, 
serioua advene evmta, or wldldllwall clue to ldvem evm11. No dhdotlly 
alpUftcut cbaDpl ocaund ID cUalml laborltol)' plrlllll&m, plaJllall n•mt•tbu, 
llectlocardiopl, or vtla1 llpl. 
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PHARMACOKINETIC RESULTS: The mean concentration-time profiles for fosphenytoin, 
total phenytoin and free phenyioin are shown below. 
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Tim At. Stllt otldalim (baan) 

FIGURE 1. Meua PolpbellytOiD (Pull A), TOlll Pbeaytoia (Pull B), ud Pne 
PbeDytOia (Pw1 I>) CamallladcJDa ud MllD PlmJ10ht Pree Pnc:tioD 
(Pw1 C) Pollowlaa 1mrav111aa1 MmW•lldoa o1 1200 ms P1myto1n 
Bquivaleat Do111 of ~ IDfuld at 100 and 150 IQlmbl 
PbeDytoiD lquivaJmu IDd Dl••o IDfuld at 50 ma/mm (N • 12) 
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The following table demonstrates that usin& the two one-sided confidence interval 
approach arld the 80 - 121 ,. 'Confidence interval criteria, fosphenytoin at (phenytoin 
equivalent) 1200 m& and ISO mg/min is bioequivalent to Dilantin at 1200 mg and SO 
ma/min with regard to free phenytoin AUC and Cmax. Fosphenytoin at 100 mg/min is 
equivalent with regard to extent of exposure ( AUC) but not rate ( Cmax ). 

~,.,....... 

la(C.U)lt' ""ml. 
la(AUC(041o)J", Pl• larlaL 
CJUJt, "8/mL 
tmu, lar 
AUC(O.ddc), 1'1 • lar/aL 

ba(Cmu)tt, ,allmL 
la(AUC(o.ddc)r, l'I • larlmL 
Cua, 1&1/mL 
emu, lar 
AUC(O-ddo), l'I • uhaL 

PK PARAMETERS ARE FOR FREE DRUG 

F01PilmJfoiD Dllamial ... 
alOO .. PElu 

2.72 3.21 14.7 
71.1 ·U.$ 92.2 
'l71 (22) 3.30 (21) 14.2 
0.524 (37) 0.$2' (17) "·' 79.5 (14) 17.1 (22) 91.3 

Ill 1JO .. P&lmill 
J.01 3.21 H.O 

M . .5 u.s II.I 
J.11 (21) 3.30 (U) HA 
O.s76 (59) 0.526 (17) 10t.S 

15.J (17) 17.1 (22) 91.2 

'°"Cl 

72.7. 91.1 
11.4 • H.2 

NA 
NA 
NA 

12.1. 111.7 
..... 103.2 

NA 
NA 
NA .. 

90S Cl 
• --~)olr P••llut...--wvllw.,. •••••,.... ''If· • '°" ......... cd - for ndo (:.:.l/nfen•tt) ., ..... ,., ....... - -wa.. 

...... u • "'"' ... . 
PE • ,._,,, .. ........... 
NA •.N« .......... . 
• A150 • .,. .. 
It Valuea npn11:111 .milop of Jos.....,.rmad da&I 

Because extent of exposure at early time points is imporwit in therapy of status 
epilepticus, the sponsor wu asked to evaluate cumulative A UC across time. The results are 
shown on the following 2 pases. 
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Fosphcnytoin Sodium 
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FIGURE 13. CUmulalive Proo Phenytoln AUC Ratio ADalylil: Study 912-2.4 

Mean rldol Of AUC far - _,,,_(~I& :Ill ~AUC for,.,.._. crtl

(DlllDtiD • 50 ..-.> • l*ntd llaDa wldl die •• .... I 90ll omfldla• ••snlll. Tbl deebed 
vlldcal Uw 1ep1 • tlll _.,...,SO. md 125• ccdNla m.nl booD!llrill for ~avu.. 
t11UDs ad tbe 1°" nt.ew U.. Time Axil 0.2 (top plDll) lad o.96 (bnam pwl) boun. 
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PIGURB 14. Oimulative Pree PbenytOiD AUC Rado Analyaia: Study 982-24 

Mean rldol of A.UC for•.,.._.,(~ II 100 ma'mia)'AUC far 1•www trMftD1DI 
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..ans IDd tbe IOO'i a•IDOI liDI. Timi A.Iii 0.2 (top pwl) md ().96 (bollm pwl) boarL 
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The above fi1ures de~strate that, at the 150 ma/min rate of fosphenytoin, AUC oi 
free phenytoin from fosphenytoin reaches that of free phenytcin from Dilantin at 
approximately 8 min. post-stan-of~infusion., rises above that of Dilantin, and then falls to be 
approximately equal to that of Dilantin within 30 minutes post-stan-of·infusion. This 
approximate equality :s then maintained over the remainder of the time course. At 100 
mg/min fosphenytoin, cumulative AUC of free phenytoin takes approximately 1.S hrs. to 
reach the 80 - 125 9' band. · 

As forementioned, the cumulative AUC from fosphenytoin is areater tha1a that from 
Dilantin for approximately 10 • 20 minutes. However, examination of the concentration-time 
profiles ( Panel D - paae I rl) shows that the reason for the increased A UC is because 
fosphenytoin delivers free phenytoin more rapidly than Dilantin, and not because Cmax is 
increued. An additional point is that the differences in cumulative AUC between the 100 
and 1~0 ma rates is due to the first 15 minutes post-initiation-of-infusion. From that point 
onward, the differences between the 100 and 150 ma/min infusion rates are minimal. 

These analysis' show that, at 100 - l~O ma/min, free phenytoin from fosphenytoin 
closely approximates, but does not duplicate, free phenytoin from Dilantin at SO mg/min. 

CONCLUSIONS: The concentration-time profile of free phenytoin from 1200 ma of 
fosphenytoin administered at 100 or lSO mg/min is comparable to that followina 1200 m1 of 
phenytoin administered at SO m1/min. The ISO ma/min rate meets equivalence criteria for 
Cmax and AUC, whereas the 100 ma/min rate meets criteria for AUC only. 

If cumulative AUC is examined, the 1.50 ma/min rate meets equivalence criteria from 
30 minutes onward, the 100 ma/min rate from 90 minutes onward. At time periods lonaer 
than 90 minutes the AUC of free phenytoin from fosphenytoin at either administration rate 
are equivalent to free phenytoin from SO ma/min Dilantin. 
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STUDY: Pharmacolcinetic meta analysis of fosphenytoin clinical trills 
•• .. . 

RESEARCH REPORT NUMBER: RR-X 764,02114 

OBJECTIVE: To compare systemic exposure of phenytoin, 1) after dosing fosphcnytoin and 
Dilantin•. 2) between patienu and healthy subjects, 3) between arterial and venous phenytoin, 
and 4) the effects of age. aender, and race on the pharmacokinetic profile of fosphenytoin. 

STUDY DE.SIGN: The data from clinical studies 982-13 to 982-16 and healthy volunteer 
studies 982-18, 982·20 and 982-24 were utilized. 
l) Phenytoin population pharmacokinetics wu carried out usina a nonlinear mixed effect 
model to evaluate the effects of dosina re1imen, body weiaht, time, qe, acnder, and serum 
albumin concentration on phenytoin clearance and distribution in a linear pharmacokinetic 
model. The studies 982·14 and 982-lS used in the analysis were from routine therapeutic 
drua monitorina. Only samples collected more than 6 houn after fosphenytoin administration 
were used (to avoid crou reactivity with immunoassay). 
2) Oraphical analysis of patient/subject differences were made by subsettina free phenytoin, 
total phenytoin and fosphenytoin concentration time profiles by dose and infusion rate and 
visually inspectina for patterns and/or differences amona patients and healthy subjects. All 
the above studies were included. 
3) Comparison of arterial and venous pluma concentrations for fosphenytoin, total phenytOin 
and free phenytoin were made in 6 neurosurgery patients. Plots were visually inspected for 
trends. 
4) Patient sub-populations were 1raphically analyzed by subsettin1 plasma concentration 
profiles by route of administration and then further subsettin1 by aae, 1ender, and race and 
visually inspectina for patterns and/or differences amona patients. -

RESULTS: 
1) A linear pharmacokinetic model served u a suitable alternative to the aenerally applicable 
non-linear model 1iven the restrictions in the range of doses and plasma phenytoin 
concentrations available from these clinical trials. 

Consistent with previous clinical experience, phenytoin clearance and volume of 
distribution exhibit a direct relationship with wei&ht. Mean trouah phenytoin levels decline 
over time (Fi& 1) and this is 1190 reflected in the individual plots (Fi& 2). Modelin1 sugests 
this decline in mean plasma phenytoin concentration is most likely explained in terms of an 
increase in phenyta.\n clearance in those patients remainina in the studies for more than just a 
few day• rather ttwl a tendency for patients with intrinsically hi1h clearance to remain in the 
study loncer (Pi& 2 and Bayes estimates). 

Modellna ror difference in extent of systemic availability suacsts that fosphenytoin 
delivers 15" less phenytoin than Dllantin, however, this may be due to model 
misspeciftcation of the i.m. dosaae. · 
2) Graphical presentation of free phenytoin, total phenytoin, and fosphenytoin concentration .. 
time proftles by dose/infusion rate does not sugest the presence of sub .. populations or 
specific individuals for which these levels are acypicai. 
3) Graphical comparison of plasma anerial and venous concentration time profiles for free 
phenytoin, total phenytoin and fosphenytoin d-\) not show any differences. 

I 3.l. 



... 
4) Graphical analysis of patient sub-populations did not suagest the presence of 
sub-populations or specific individuals for which fosphcnytoin concentration time profiles 
were atypical (Fi& 3). 

CONCLUSIONS: The observed trend for concentrations to drop within individuals su11esu 
a time dependent increase in clearance in phenytoirt clearance which has been observed 
previously in febrile patients and trauma patients. This docs not appear to be related to 
fosphenytoin administration. The observation that intravenous fosphenytoin is 15 9' less 
bioavailable than Dilantin is not of concern because the improved flt of the data to the model 
includina this bioavailability term is moderate. No fun.her unusual trends where observed. 

Visual inspection of plasma arterial and venous concentration-time profiles for 
fosphenytoin show no obvious differences which is consistent with the fact that phenytoin ia a 
low extraction ratio drua. 

Visual inspection of fosphenytoin concentration time profiles does not show any 
apparent differences across aae, sender, race or in any of the sub-groups. This is consistent 
with the fact that phosphatase activity is extensive and differences in individuals is unlikely to 
make much difference in the conversion of fosphenytoin to phenytoin. 

The conversion of fosphenytoin to phenytoin is consistent and essentially complete. 
There is no evidence of atypical phenytoin pharmacokinetics due to differences in 
fosphenytoin disposition between individuals. 
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note: Fo1phenytoin concentritfons and parameters reponed in the this review have been 
corrected. They DO NOT suffer from the erron detailed in the Important Note on p. 3. 

STUDY: Characterization gffosphenytgjn and phcn)1ojn hyman plasma protein bindina in yitro 

RESEARCH REPORT NUMBER: RR. 764-02124 

OBJECTIVES· To detennine the protein bindin1 characteristics offoaphenytoin and phenytoin 
u1in1 1tandard in vitro methodologies. 

STUDY DESIGN: Pluma wnplea were spiked with foaphenyt<'in ( up to 800 ~i/mL ) and 
phenytoin ( up to 80 µWmL ) and total and unbound drua concen~tationa were detenninld via 
ultraftltration and HPLC. NONMEM wu used to fit the data to a ''ariety ofblndina modela. 

RESULTS: The followina pertinent conclusions can be made (see Fiaures 1 - s ): 

l. Foaphenytoin bindina is beat described by a model which incorporates 2 aaturable bindina 
sites. Fosphenytoin binds to the site ofhipest affinity with a bil"~;na constant of approximately 
1. 1 µa/mL, auu•tin1 that thia ia the approximate unbound pluma concentration above which 
nonlinear bindina may be obMl'Yld. The aecond lite hu a much low• aftlnity ( Kd > 100 µa/mL 
) 1u11eatln1 that blndln1 at thla lite will be linear at typical in vivo pluma foaphenytoin 
con centration1. 

2. Phenytoin bindina is bat duoribtd by a model which inGorporat• I saturable bindina site 
and 1 linear bindin1 1ite. The afftnity constant for the uturable bindina lite i1 approximately 30 
µwmL. 

3. Fosphenytoin ( at he eoncentrations above •!'proximately l. O µJlmL or total concentrations 
above approximately 75 µa/mL ) is capable or displacina phenytoin &om the high affinity 
bindina 1iaht1 whereu phtnytoin ( at total concentradona below 80 "8/mL ) doea not 
sipitlcantly displace fosphenytoin. 

4. These reaulta are qualitatively conaiatent with the multi ofln vivo nudl•. However, 
quantitatively ~ are 10me incollliltmci• .. TheH inconaiatencin are likely due to 
dtflcitneiu in the in vivo nudiu ( ~ludin1 the performance of ultrafUtration at non
phyaioloaical temperatures, the UM of hepann u the anticoqulant, and the uae of contaminated 
radlolabeled drup ). 
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Pluma Protein Bindina and Displac.ement Plots for PolpbenytOin (a) and 
Phenytoin (b). Symbol references nominal displacer concenll'atlon with 
0 indicadna no displacer preaent and 9 lndlcatin1 the mulmum amount: 
80 pa/mL phenytoin in (a) and 800 µ"mL fosphenytoin in (b). See 
Table 2 for complete range of nominal concentratiom. 
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COMPREHENSIVE FORMULATION SUMMARY ... 
The composition of the drug product intended for market is the same as that identified 

in the attached as Formulation 1 Fosphenytoin Injection 1S mg/ml. Other than the 13C
labeled fosphenytoin (Formulation X) used in Study.982710. Formulation 1 was the only 
fosphenytoin formulation used in clinical trials. 

-



Fosphenytoin Sodium 
Injection 

List of All Formulations Used in Clinical Scudies 
.. • (Sorted by Study Number) 

(Page I of 2) 
Study Nu. FonnulAon 

Formulation Name/Slnftllb l..ot No. Ba&ch Sii.e 982· No. 
001 l FOlphtnytoin Injection 7S maJmL • I 

001 lP Placebo for Fo.phen)'IOin • I 

002 1 Foapbta)'fOin lnjtiolion 75 aqlml ZIM--8 I 

002 c Dilantin Injection SO ma/ml 05726 c 

003 1 Fo.phen)'fOin Injection 75 sqlmL • • 
003 lP Placebo for Poephen)'IOin • I 

oos 1 FOlpbeaytoia Jajecrion 75 ma/ml • ' 
006 1 FOlpbeaytoia bUecCioa 75 ma/ml. %16-1·1 I 

006 II Dilantin IJUection 50 ms/mL 05726 • 

001 1 Fotphen)'toin Injection 7J maJmL Zl7·3·1 d 

010 x 1'C,·P~ lnjecciola Zll-,_. d 

010 y isN,.uC,·Pbtaytom ~ Zll-5-S d 

011 l ~ lAjeoQoa 75 maJmL Zl7·3·1 
d 

011 
II v Ilium lajllctioa .s maJmL • II 

012 1 Potpllea)1aia IQjection 75 ma/mL CM ~120 100 L 
012 lP ~ for PolpbeaytOiD CM 3•5120 UOL 
012 • Di1uCia ~ 250 lfll/5 ml.. 03060 ll 

013 9PA1 ~c.,..1e CL 002017 500,000 
Capt 

013 llA.3 Dilaada ClplUle 100 ma CM 223070 105,000 
Capt 

013 l POllpMaytGia lqjeotioa 75 ..,,mL CM 3iM120 100 L 
013 lP ~ for folpbenytoid CM ,.5120 150 L 

014 1 ~ lajlctioa 75 ma/ml. CM 344120 100 L 

F Noc .-oi!td. Lid; OOlidl 
b M&aUfactund tt 
c Commtteially avlillbl9 product. 
d Not .,.u.ct. Study GODdll_. by 
• Rocb...,, Michiau 
f Morris Plailll, NflW JW111 

....... 
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PR I/MOPS 

Roohtrltsr 
Roch--.. 

Rooh..._ 



ij ~ ... -
Fosphenytoin Sodium 
Injection 

--.. 
\ 

List gf. All Formulations Used in Clinical Studies 
(Soned by Study Number) 

(Page 2of2) 
Study No. Fomwl&Aon 

Pormullsioa Name/Serens* Lot No. BaM:h Size 
Sit6 of~-

982· No. Manufactuft 
OlS 1 FocpheaytOU\ Injection '5 maliDL CM 0626192 11.ooo RodlOlter 

I 
A.mpl 

I OU 46 Dilantin lajeotioa 150 •s/5 ml. CM 057031 4IO L Rocho*r 
I 
t 01.5 1 FoepbeaycoU\ bQeetion 75 ma/mL CM 344120 100 L R~t 

J 
l 016 1 Fotpbea)1oin lnjeotlon 7S 111s/mL CM 0020192 17,000 Roeh#ter ......,. 

016 1 FOlpbtaY1oin ~a 75 maJmL CR 0200193 ,,000 Viall RuchMcr 

017 1 FC>lphenytaia hQection 75 ma/mL CM 3"120 100 L R-... 
017 • DiluU lnjeoeicMa 250 msl5 mL 03060 ' RocMller 

018 FCM!phqytain Injection 75 ma/lllL CM 344120 100 L Rochel&tr 

020 1 Potpll.a)10Ua lajeetion 75 ma/ml. CM 344120 100 L R~--
020 lP PSactbo for FOlphenyt.oin CM 345120 150 L Rocb....,. 
020 • Dila.aliD lnjeccioe 250 ma/S mL 03060 c Rochucer 

021 46 DilaaliD ~ 1..50 ma/5 mL CM 057031 4IOL 
021 1 Potpllea)'toUa IDjtcCioa 75 tqlml. CM 344120 lOOL 
021 • Sodium Cbloric» lajeoUoa USP 6M2P.DK • 

022 1 FolpbeaytOia ~n 75 ms/lllL CM 002019'.l 11.000 llocln1ur ...... 
022 1 FOlpbeaycoia ~n 7S ..., ... CM U.110 lOOL RoolMIMr 

024 46 Dillallia ~ 250 9&115 ml.. CM 051031 480L RodMlllr 
024 1 ~ lnjlcaon 75 ma/ml. CM 34e\120 100 L Rocheltar 

• Noc tpeeified. Study ooDdlaot8d t. 
It MuufUGll'N~ 
c CornmeRially available product. 
d Noc .,.,aled. Siik 
• Roch ... ,Mio&Upa 
I Morria Pl&iM, Nft' J~ 
I Powder blllad .... 

•·.· 
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MEMORANDUM ... 

DATE: December 6, 1995 

FROM: Associate Director, 

DEPARTMENT OF HEAL TH AND HUMAN SERVICES 
PUBLIC HEAL TH SERVICE 

FOOD ANO DRUG AOMINISTRA TION 
CENTER FOR DRUG EVALUATION ANO R!SEARCH 

Division of Sciantif ic Investiqaticns (HFD-340) 

SUBJ: Review of EIR• coverinq 
NDA I 20-450, Poaphenytoin Sodium (Cerabyx9) Injection, 
aponao~ed by Parke-Davia Pharmaceutical Research, Division 
of Warner-Lambert co. 

TO: Paul o. Leber, M.O. 
Director, HF0-120 
Division of Neuropharmacological Drug Products 

At the raqueat ot HFD-120, the Division of Scientific 
Investigations initiated audits of three pharmacokinetics and 
bioaquivalency studies. These audits were expedited due to the 
User Fee status of this NOA. 

Th• clinical portion of utudy 982-014 was performed at the 
university of Tennessee, Memphis, TN. The clinical portions of 
studies 982-018 and 982-024 were performed a 

The analytical portion• ot all three 
studies were performed at J 
the inapactiona, Form• 483 (attached) were issued. 
evaluation ot th••• tindinq• i• as follows: 

Following 
our 

l. Reportai fosphanytoin concentrations ware in error since 
the water content of the toaphenytoin ref erenca standard 
was not taken into account in calculations. 

, 
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Paqa 6 - Dr. Paul DJ.Labar 

protein-bindin9, unbound phanytoin, and percentaq• unbound 
phenytoin, be reviewed for corroboration independent of th• data 
evaluated hara. 

In light of t~• non!inear kinetics ·to~ foaphanytoin and 
phenytoin, a do•inq error up to 5t combined with an~lytical 
error• up to 10' may need to be considered when interpreting 
pharmacokinetics. 

Attar you have reviewed th• material, we request that this 
tranamittal memo be appended to the original NOA aubmi••ion. 
Plaas~ forward a copy ot your review to HFD-340 tor our tiles. 

c. 1'· l_A,.r.1c.-....~ 

c. T. Viswanathan, Ph.D. 

'62. 
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... ***SENSITIVE*** 

REVIEW 

OF 

ENVIRONMENTAL ASSESSMENT 

FOR 

NDA 20-450 

Cerebyx® 

(Fosphenytoin Sodium Injection) 

HFD-120 REVIEW n~vISION 

CENTER FOR DRUG EVALUATION AND RESEARCH 

HFD-102 

DATE COMPLETED: August 30, 1994 
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EA Review #1, NDA 20-450 

l. Date: 

... 

BNVIRONMBNTAL ASSBSSMBNT 

EA dated: 
NOA filed: 
Consult to HFD-102 
Assigned: 
Telecon: 
Faxed response: 

06/30/1994 
07/14/1994 
07/27/1994 
08/19/1994 
08/22/1994 
08/22/1994 

2. Nam• of applicant/petitioner: 

Warner-Lambert Company 

Adequate. 

3. Addreaaa 

201 Tabor Road 
Morris Plains, NJ 07950 

Adeqtiate. 

4. Deacription of th• propoaed action: 

a. R•czu••t•d Approvals 

Warner Lambert has filed an NDA for Cerebyx~ 
(Fosphenytoin Scdium). 

Page 2 

DBPICIJDft'. The drug product name and drug substance 
name• are incorrect. Thia occurs throughout the rest 
of the document. 

b. Need for Actions 

The product will be used in the treatment and control 
of seizures in patients with status epilepticus. 

Adequate. 

' 



BA Review #1, NDA 20-450 Page 3 ... 
c. Production Locationaz 

i. Proprietary Intermediate(ali 

None 

ii. Drug Subatancei 

Address: Parke-Davis Holland Chemical Facility 
188 Howard Avenue 
Holland, Michigan 49424 

Facility Lescription & Adjacent Environment: 
A brief facility description is provided. The 
facility is located in an industrial and 
commercial area which includes residential, light 
industry and retail business. It is adjacent to 
the Macatawa River and is in the Eastern Deciduous 
Forest Ecoregion (climax forest beech-maple). 

Adequate. 

iii. Pini•h•d Do•age Pormz 

Address: Parke-Davis Rochester Facility 
870 Parkdale Avenue 
Rochester, Michigan 48307 

Facility Description & Adjacent Environment: 
A brief facility description is provided. The 
facility is located adjacent to a city park, 
residential areas and light manufacturing. 

Adequate. 

d. Bxpeated Location• of U•• (Drug Product)& 

Not diecuseed. DSPICIBN'l'. 

•· Dimpo•al Looationas 

The fate of returned or expired drug product or 
rejected drug substance is n.~t discussed. DBJ'IC%1NT. 

s. Identifiaation of ah..U.aal •ub•tanc•• that are th• •ubjeat 
of tb• propo•ecl actions 

Drug Sub•tanaez Foaphenytoin DSPICISNT. Should be 
identified as the sodium salt. 

... 



EA Review #1, NDA 20-450 

.... 

Drug Product 1 

Chemical Name: 

CAB #: 

Page 4 

Not listed. Adequate as the drug 
product is identified elsewhere in the 
EA. 

S,S-diphenyl-3-((phosphonooxy)-methyl]-
2,4-imidazolidinedione DBPICIENT. 
Should be identified as the sodium salt. 

92134-98-0. The Libra _ {Roy) confirms 
that this number is the CAS for 
Fosphenytoin Sodium. 

Molecular Weighti 362.28 g/mole (free acid) 
406.24 g/mole {sodium salt) 

Molecular Pormula s C11HuN10,P (free acid) 
C11HuN20 1 PNa1 (sodium salt) 

Structural Formulas Not included. DaPICIBHT. 

Pbyaiaal Deaarip.1 fine white solid (drug substance) 

Additive•• 

Impurities: 

No information provided. DaPICIBNT. 

No information provided. DBPICIBNT. 

6. Introduction of aubatancea into the environments Por the 
•it•(•) of productions 

a. Potential Bmitted aubatanaea: 

A list of raw materials used in the synthesis of the 
bulk drug and the composition of the drug product is 
provided in the non-confidential portion of the EA. 
Notes th• aompany will be given th• opportunity to aove 
thi• information to a confidential appendix, although 
they .. Y oboo•e to leave it where it i•. 

The company waa requested (telecon 8/22/1994) to 
provide a flow diagram for the synthesis of the drug 
substance and the manufacturing process for the drug 
product. This was faxed on 8/22/1994. An official 
copy should be provided. DaWICISHT. 

b. Control• (Air, Liquid Bffluent, Solid)s 

DSPICXBH'l'. See Attachments 1 and 2. 

' 
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BA Review #1, NDA 20-450 Page s ... 

c. Compliance with Federal, Stat• and Local lmiaaian 
Requir-entaa 

d. 

A list of applicable environmental regulations are 
included and they state that the Rochester and Holland 
Michigan facilities are substantially in compliance 
with all applicable regulations (page 28). Adequate. 
They do not discuss meeting compliance with 
occupational exposure requirements. DBPICIBNT. 

Bffect of Approval on Compliance with Current Rmi••iona 
Requirement•• 

DBPICIBNT. See Attachments 1 and 2. 

e. Batimated Bxpected Bmitted Concentration/Quantitiea: 

DBPICIIDl'r. .See Attachments 1 and 2 . 

The maximum expected environmental concentration for 
Fosphenytoin has been calculated at 4.6 x io-1 ppm (46 
ppt), based on the 5th year manufacturing estimate of 
5,115 pounds. Adequate. The EA document refers to 
this as the minimum EEC. DBPICIBNT. 

7. Pate of emitted aubatancea in th• environments 

Parent Compound: 

In vivo: 

Metabolites: 

Fosphenytoin Sodium (99.2% conversion to 
phenytoin) 

Phenytoin 

Hydroxyphenytoin 

The approximate percent excreted as phenytoin and 
hydroxyphenytoin should be provided if known. DBPICISHT. 

The Tier O te•ting provided indicates Tier 1 (aquatic) 
testing for Fosphenytoin and Hydroxyphenytoin and Tiers 1 
(aquatic) and 2 (terrestrial) testing for Phenytoin. See 
Attachment 3. 

No information was provid•d regarding hydrolytic stability 
or diasociation con•tanta for the compounds of interest. 
DB•ICIDT. 

' 



BA Review #1, ND~)0-450 Page 6 

Insufficient information is provided regarding the test 
methods for water solubility and partition coefficient. 
DEFICXENT. For water solubility information such as the 
methodology used (e.g., undersaturation/oversaturation), the 
study site, the temperature at which the soluhility was 
determined and the HPLC method should be provided. For the 
partition cocf f icient information such as the test 
methodology, the study site, concentration at which the 
study was performed (?. different ones needed) and the HPLC 
method should be provided. 

Although not necessary, the photolytic degradation of 
Fosphenytoin Sodium was determined. The conclusion (page 
17, 1st sentence in second paragraph) should be revised to 
indicate that photolysis is not a primary removal mechanism 
of Fosphenytoin Sodium from the environment. DZPICIBNT. 

Fosphenytoin Sodium is aerobically biodegraded in the 
aquatic·compartment to Phenytoin. Phenytoin does not 
biodegrade in the aquatic compartment and does not to absorb 
to soil. The company states that Hydroxyphenytoin 
aerobically biodegrades rapidly in the aquatic compartment 
and that it has been proven/demonstrated to completely 
degrade to C03 • The data provided does not support these 
statements. DBPICIBNT. (See Attachments 4 and 5) 

8. Bnvironmental effect• of releaaed aubatanaeat 

See Attachments 4 and 5. 

Neither Fosphenytoin, Phenytoin or Hydroxyphenytoin inhibit 
microbial growth at concentrations expected in the 
environment nor are they acutely toxic to Daphnia magna. 
(See Attachment 4). 

Adequate. 

9. U•• of reaoura•• and energya 

a. Pr~ductions 

Production of the material will result in a l' or less 
increaae in production levela or energy usage over 
current levela at both the Holland and.Rochester 
facilitates. Adequate. 

b. Bffect on Bndangered/'l'hzeatezied Specie•& 

None. Adequate. 

' 



EA Review #1, ND~ ~0-450 

c. Bffect on Properti•• Li•t•d/Bligible for National 
Regiater of Hi•toric Place•: 

None. Adequate. 

10. Mitigation measures: 

Page 7 

The Emergency Plan, Pollution Incident Protection Plan 
(PIPP) and Spill Prevention Control and Countermeasure Plan 
(SPCC) for the Holland Facility is provided. 

T·1e Emergency Response Plan for the Rochester Facility is 
~,rovided. 

Sofe handling guides and MSDS's are provided to personnel. 

Material is disposed as indicated under# 6. 

Adequate. 

11. Alternative• to th~ propo•ed actions . 
They state that the proposed action will have no impact on 
the environment and the one alternative is no action 
(approval) by the FDA. 

DBPICIBRT. They can not say it will have no impact, only 
the FDA can in the FONSI. 

12. Li•t of preparera, • their qualification• (experti••, 
experience, prof•••ional di•oiplin••) and conaultantaa 

A list is provided. DBPICIBH'l'. They state that no 
consultants were used, but include 

in the list is a 
consultant (performed many of the environmental test) for 
this EA. alao did some basic testing is 
support O• They also state that the Curricula 
vitae for the liated individual are attached. But they were 
not included. 

13. Certifications 

Provided. Adequate. 

14. Referencea1 

Reference• are provided. Adequate. 

' 
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15. Appendicea: 

The appendices are not identified as confidential or non
conf idential, although some individual pages are stamped as 
confidential. Note: the company will be reminded about the 
confidentiality iaauea. 

' 



DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS 
Re\dew of Chemistry, Manufacturing, and Controls 

NOA#: 20-450 CHEMISTRY REVIEW: # 1 

Submission Tyge Do;ument Date 

ORIGINAL 14-JUL-94 
RESUBMISSION 22-FEB-95 

CDER Daw 

15-JUL-94 
23-FEB-95 

A11lgn1d D1t1 

04-AUG-94 
24-FEB-95 

D1t1 Reylowtd 

05-JUN-1995 

NAME AND ADDRESS OF APPLICANT: PARKE-DAVIS !=HARMACEUTICAL RESEARCH 
Division of Warner-Lambert Company 

DRUG PRODUCT NAME: 

Proprietary: 
Nonproprletary/Eatabllah11d/USAN: 
Code Name/#: 
Chem. Typetrherapeutlc Class: 

"2800 Plymouth Road 
Ann Arbor, Ml 48105 

CEREBVX-
foaphe,,ytoin sodium, injection 
Cl-982 
1S 

PHARMACOLOGICAL CATEGORY I INDICATION: Anti-epileptic 
Injection DOSAGE FORM: 

STRENGTHS: 
ROUTE OF ADMINISTRATION: 
DISPENSED: 

75 mg/ml 
IV/ IM 
XL..Rx _OTC 

CHEMICAL NAME, STRUCTURAL FORMULA & MOLECULAR FORMULA: 

5,5-diphenyl-3-[(phosphonooxy)methyl)·2,4·imidazolidinedione 
disodium salt 

C,,H,,N20,PNa2 •7H20 Mol. Weight: 408.24 (anhydrous) 
532.35 (heptahydrate) 

REMARKS/COMMENTS: 

JUN - 7 1995 

Phenytoin starting material is synthesized under OM• . which is currently under review and 
contains some major deficiencies. In general, the deficiencies in the NOA appear to be minor, 
however some control issues need to be resolved. For one lntennediate in the fosphenytoin 
synthesis, there is no data to show that it is not present aa an impurity in the drug 
substance. The proposed impurity limits for the drug product need to be evaluated. 

CONCLUSIONS & RECOMMENDATIONS: 

Establishment Evaluations, Microbiology and Environmental A1seaamant are still pending as is 
Methods Validation (thl• cannot be initiated until we obtain a aat11factory response to questions 
about possible impurities in the n.d.s., aee Item 8 of draft letter). Due to these issues, and 
manufacturing deftcienciel! •n both the NOA and OMF · the NOA is Not Approvable for 
Chemistry at thia time. 

cc: Orig. NOA 20-450 
HF0·120/0Msion File 
HF0-120/MHetmann/05-JUN-1995 
HFD-120/CSOIRNtg~~ 

HFD-120/SBlurrllnlt~/-, /t) 
'fl::1'4 tP ~ ~ WU r-
M a R. Heimann, Ph.D., Review Chemist 
Filename: N20-240.001 
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FINDING OP NO SIGNIFICANT IMPACT 

NDA 20-250 

cercyx• 

(!o•phenytoin •odium) 

Injeaticm 

The Food and Drug Administration (FDA) recognizes the National 
Environmental P~licy Act of 1969 (NEPA) as the national charter 
for protection, restoration, and enhancement of t.~e environment .. 
NBPA eatablishaa policy, aeta g..:>al• (•action 101), and provide• 
procedures (section 102) for carrying out the policy. 

Environmental information ia to be available to the public and 
the decl ... 'nmaker before decisions are made about ac~ ... ona that 
may sir~ ~icantly affect the quality of the human •n••ronm•nt; 
FDA act-Jn& are to be aupported by accurate •cientific analyaea; 
and environmental documents a%e to concentrate on timely and 
significant i••uea, not to am••• needle•• detail . 

. The Food and Drug Adminiwtration, Center for Drug Evaluation and 
Research has carefully conaidered the potential environmental 
impact of this action and has concluded that thi• action will not 
have a significant effect on the quality of the human environment 
and that an environmental impact statement therefore will not be 
prepared. 

In •upport of their new drug application tor C•~ebyx•, Warn•r
La:mbert Company has conducted a number of environmental atudiea 
and prepared an environmental aasea•ment in accordance with 21 
CFR 25.lla(a) (attached) which evaluates the potential 
environmental impacts of the manufacture, uae and diapo•al of the 
product. 

Foaphenytoin sodium is a synthetic drug which is administered aa 
an injectable solution in the treatment and control of seizures 
in patient• with •tatu• epilepticu•. The drug •ubstance will be 
manufactured at Parke-Davia Holland Chemical Facility, Holland, 
Michigan. The drug product will be manufactured at Parke-Davia 
Rocheate~ Facility, Rochester, Michigan. The finished drug 
product will be used in hoapitala and clinica. 



.... 
Fosphenytoin sodium is a prodrug which is rapidly and completely 
converted to phenytoin in vivo. Patient excretions contain a 
small percentage of the dose as phenytoin (<St), some dihydrodiol 
phenytoin (-7-llt) and the major metabolite 5-(4-hydroxyphenyl)-
5-phenylhydantoin (p-HPPH) (-67-BBt). Small amounts of 
foaphenytoin sodium may enter the environment due to manufacture. 
Chemical and physical test result• indicate that fosphenytoin 
sodium, phenytoin and, the major metabolite, p-HPPH will moat 
likely be re•tricted to the aquatic environment. 

Hydrolysia of fosphanytoin and phel'.'.ytoin and photolysis of 
f oaphenytoin sodium is expected to be slow under ehvironmental 
conditions. Foaphenytoin is rapidly biotransformed to phenytoin 
under biodegradation test oonditiona, phanytoin is not chemically 
converted and p-HPPH can be completely biodegraded, although the 
biodegradation is not rapid. 

As fosphenytoin and the major metabolites are expected to p6raiat 
in the aquatic environment for some time, the toxicity of 
f oaphenytoin sodium, phenytoin and p-HPPH to aquatic organi•m• 
was characterized. Acute •tatic toxicity studiea in water fleas 
(Daphnia magna) indicate that the drug substance is generally not 
toxic to aquatic organiama •t concentr•tiona of at leaat s orders 
of magnitude greater than the maximum expected environmental 
concentration (MBIC) . 

Microbial inhibition atudiea indicate that environmental 
microorgeni&ma are not inhibited at concentration~ of at least 7 
ordere of magnitude gr~ater than the maximum expected 
environmental concentration (MillC) • 

Disposal of the drug may result from out of apecification lots, 
discarding of unused or expired product, and u•er dispoaal of 
empty or partly used product and packaging. Returned drug 
product will be diapoaed of at a licenaed incineration facility. 
Out-of-specification drug product and drug aubstance will be 
reprocessed or disposed of at a licen•ed in~ineration facility. 
At U.S. hospital• and clinics, empty or partially empty packages 
will be disposed according to hoapital/clinic regulation•. 

The Center for Drug Evaluation •~rt Reaearch ha• oonoludad that 
the product can be manufactured, uaed and diapoaed of without ~ny 
expectAd adverse ~nvironmental effect•. Precaution• taken at the 
siteG of manufacture of the bulk product and ita final 
formul '£tion are expected to minimize occupational expoaurea and 
environmental release. Adverae effects are not anticipated upon 
endangered or threatened apeci•• or upon property liated in or 
eligible for listing in the National Register of Historic Places. 

2 
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. ;,. l,~:nv ;:> ~ 
~ Prepa:r:'ed ~ . 

Nancy B. Sag r 
Environmental Scientist 

:: 

Center for Drug Evaluation and Research 

M£,h~__.l~~~~~·-------~ Concurre 
Robert A. Jerusai 
Aaaociate Director for Chemistry 
Center for Drug Evaluation and Re•earch 

Attachment I: Environmsntal Aaaeaament 
Attachment II: Material Safety Data Sheet (drug substance) 
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FREEDOM OF INroRMATION ENVIRONMENTAL ASSESSMFNI' FOR 

FOSPBENYTOIN SODIUM INJECTION 

1. DATE 

November 29, 1994 

2. NAME OF APPUCANT 

Warner-Lambert Company 

3. ADDRESS OF APPLICANT 

201 Tabor Road 
Morris Plains, New Jeney 07950 

4. DDCRIPTION or TBE PROPOSED ACTION 

4.1. 

Wamer-I•mbert bu filed a Now Draa .Applicadon for Cenbyx9 (Polphllylohl 

sodb•m). 'lbe dmg IUbltance ii Posphellytoln nttum. 1be New Dlu& Application 
requests appmva1 of Polphenytoin lltjecdon for tbo tnetmeat and control of selzmes 
in patiem with llatUI epilepticua. 

4.2. Need tor tho Action 

084 

Approval of tlds appllcad.oll v!ill iem1t in pioducdon and cUatdbutlon of Cenbyrt ID 
tbe United States. Approval will offor patimtl in tbe Ullited Statea ID effective 
therapy for tmlbnellt IDCI contml of aeimrel in pldeata with ltltUI eplleptlcua In 
bolpitall and clinica. Becau• of the til6iapeudc beaeflta U'Ociatl'd wltb ita 
availablllty and me, lpplOVll la touabt ldd pnfcnble to nompprova1. It la osdmated 

U:\NDA\Cl·912\IUKJ3321A.BA2 
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that 1.S mi1Hon people are identified as suffering from epilepsy in the United States 

with an ea:imated yearly increase of approximately 70,000 to 130,000 patients. 

4.3. Locations Where the Products WW be Produced 

Bulle chug substance "111 be manufactured at the following Warner-Lambert facility: 

Parke-Davis Holland Chemical Facility 
188 Howard Avenue 
Holland, Michipn 49424 

005 

1be Pub Davia Rolland ClwnkN facility is located on approxtm•tely 50 acres of 
land in the Towmbip of BolJaM (1990 population-17 ,523), in Ottawa County, 
Michipn, approximately 30 ml1el west of Gnnd Raplda. 1be lite is just north of the 
city of Bolland and CoNlat.s of approximately 15 bnlldinp and employa an average 

wolk force of 300 employeel. It ii adjacent to tbo Macatawa River near tbe dver'1 
conf1ueoce with Lab Macetlwa. Like Mamtawa flows into Lab Mldripn 
approxim•tely 4.5 miles dowmtrmm flOm tbe facility. "Ibe plant ia located in Ill 
indUltrial and commercial ma which includea reaidcmtf•', 1laht iDdullry, relai1 
business and beech-maple fomata. 

The Holland facility receivel ita polable Wiim." from Bollalld Towublp. Bolland 
Towubip otQina its potable water fmm the dty of Wyomlna, the city of BolJaad, 
and in rural mu, Imm pound water. Wynmlq l'.'blaiu water from Lab Mlddpn 
via ID intake lll'UctUre located appro1im1tely 6 milel nmtbwelt of tbo flc:llity and 
about 6 milea north of Lab Macatawa'a outlet to Lab Mlddpn. 1be city of 
Boll•nd obllim Its pollb1e Wiler from Lib Mlddpn via Ill fntlke located about .. 
0. 75 miles otf·sbore ud about 5 milM WOil of the facility and 2 miles DOlth of Lib 
Macatawa's outlet to Lake Mlchipn. The facility pumpa ita aaahaty wutea to the 
Holland Municipal Waste TJ?atmont Fadllty. 

Proceaa water for DOllCO""ct cooHn1 ii ohainecf from an iJDke located OD the 
channcJ leadiag to tbe Macatawa River on tbe eut lido of tbe facility. 

U:\NDA\Cl-912\1U!0332RA.BA2 
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The Holland facility is located on a former beach and associated offshoie deposits of 
a higher stage of Lake Michipn. 1bese areas have locuatrine and and gnvel 

deposits r\Dd may include intercalated clay. Bolian sand and organic soils may be 
present. 1be aia is in the Butem Deciduous Forest Bcoregion, and the cHmax 

forest is beech-mapleCl). The site slopes from a high iD the north of 60S feet to the 
Macatawa River In the south, which has an approximate elevation of 579 feet. 1be 

site is mostly paved or covered with buildings. 

Drug product formulation, pacJcaging and tmting will be performed at the following 

Wuner-Lambert facility: 

Parke-Davia Rochester Facility 
870 Parkedale Avenue 
Rochester, Michipn 48307 

1'he Pub-Davia Rocbelter facility ia located OD 80 1CR1 of land in Oaldand County, 

Michipn in the nmtbeut comer of tbe City of Rocbelter (1990 popaladon-7,096). 

It is approximately 30 ml1ea DOlth of Detmlt, MlcbtpD. 1be faclUty QIJlalD of 

006 

40 buildinp and emp1oya an averap w~ of 500 people. Tho clolelt 
neilhboriDg struclme ia over 800 feet away. Tbe faclltty ii sunouaded by a city part 
to the muth, a public !Oldway and ftJlldentlaJ ma to the nmth, llaht mannfactming to 
the east, and vacant property followed by remdcmdal neiahbmboodl to tbe west. The 
site is approximately 35 milel upltlelm f10m tbt coof1uence of tbe CliDtoD River IDd 

Lab St. Clair. See Appeadlx 1 for Site Jocadon Map ml Site Plan. 

Re&umed and uaueed dma product will be idumed via tbe Wamer-lambert Dmg 

Dlltrlbution System. Matedal with inadequate lbelf-life for dlstrJbutlon will be Milt 

to tbe followiJls flcllidel: 

Wamor-Iambert Company 
400 W UncolD Avenue 
Utitz, PA 17543 

U:\NDA\Cl-912\Jl103321A.BA2 
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Retumed products will be destroyed by high temperature (1800°F .. 2200°F) 

incineration in accordance with all applicable environmental regulationa. 

007 

~laterlal that d~ not meet specifications will be either reproce.ased at the 

manufacturing sites specified and submitted u a supplement to tbe NDA or destroyed 
by high temperature (1800°F-2200°P) iDcinemion in accordance with all applicable 
environmental iegulatioas. 

S. IDENTDICATION OF CHEMICAL SUBSTANCES THAT ARE 

SUBJECT TO TBlS PROPOSED ACTION 

5.1. Cb.,,lnl Names 

S ,5-Dipbmyl-3-[(phospbonooxy)metbyl]-2,4-imidaz.oli<linedioae ditodbam lllt 

CAS Begiatly Number 92134-98-0 

5.2. S)'JlOnym Names 

Fospbenytoin sodium (USAN) 

5.3. Strudunl Ponmda 

E9 
•2Na 
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5.4. Description 

Fine white solid 

.... 

5.5. List of Potential lmpurltl.es 

Pbenytoin 
Dibemylphosphate 
DipheoyJalycinc 
Dipbenylhydantoic Acid 
Diphellylimidazolidinode 
Dipbeaylglyclnamide 

s 

(2,S-dioxo-4,4-dipheayl-2,4-imidazolidinyl· l-yl) methoxy]methoxy]phosphorlc acid 
bis(pbenylmethyl)ester 
2,4-ImtcJaioJdtnedione,3,3 '-methylenebis[S,5-dipbenyl
(4-cyclohexyl-2,S-dioxo-4-phenyl-1-imidizolidlnyl)metbyl ester, disoclium salt. 

A material safety data sheet (MSDS) for Pospbmytoin sodium ia provided in 
Appendix 2. 

5.6. Ultra'flolet Spectrum 

The apparent maximum UV abloltmce in water and mtth•nol ii 200 and 204 nm, 
respectively. Spedla are pmvided in Section 15(a)3. 

tS. JNTRODUCl10N OF SUBSTANCJrS INTO TBE ENVIRONMENT 

tS.1. Matedall Fmltted Into the Air ID Bolland, Mlchlpn Plant 

Ambient air quality at tbe Bolland, Michigan faclllty ia not l'OUtiDely monitored. 
Indoor air quality ia mODitomd. In "'clitioa, tbe fldlity bu a number of other air 
pennir. tlm .., not auooiated with buardoua waste manqemeat but are usociated 

U:\NDA\Cl-912\RE0332ltA.BA2 
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with the specific batch manufacturing processes conducted at the site. Emission 
permit applications have been submi~ed for the Fosphenytoin sodium process. The 
permit (air, liquid, and solid) numbers, requirements, expiration dates, and other 

pertinent infonnation are 111mmarized in Appendix 3. Refer to Appendix 4 for whel'e 

emission permits apply in the flow d.iaglama of synthetic route and manufacturing 

dil'ection for chug substance and dmg product, respectively. 

6.l. Materials Disposed as Solid Waste In Bolland, Mlchipn Plant 

Solid waste is geamated in the bullt phanuaceutical production at the Rolland plant in 
2 forms. Wute cakes from procets1 solution filtration, and mixed wastewater 

filtration. 1be former sands are isolated fIOm Niapla (stacJced plate) piessme ftlten, 
and are primarily activated ca1bon and diatomaceoua earth filter aid from decolorizing 
operations. The latter type is a product of process wastewater filtration. Suspeoded 
solids present in the wutewarer are nmoved after pR adjustment by passing the water 

through a lOCal'y pteCOlt filter. Sludge from the wutewatm' is peeled off tbe filter 

along with diatomaceous eutb ft1ter atd. Both of tbelo aludps are combined in 
roll-oft' hoppers and diapoaed of in a bmrdoul waste landfill. 

1be solid waste and wuto solvent for oar Holgnd, Michipn faciltty are disposed by 

the following contta.cton: 

Wut.o Solidi 

Wute Solwat 

U:\NDA\CI-912\llB03321lA.BA2 
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6.3. Materials Disposed as Uquld in Bolland, Mlchipn Plant 

010 

Aqueous cmiuions are regulated by Michigan Minerals Wells Act, Safe Drinking 
Water Ar.t, and the Resource Conservation and Becovery Act. Compliance with these 
statutes bas been achieved by obtaining Underpound Injection Control permits from 
us BPA MI-139-lW-0003, MI-139-lW..()()()4, Uld !tn-139-lW--OOOS. For noncontact 
cooling water discbargea, NPDBS Permit MI-<>004715 bu been panted. 1be pennit 

numbers, authorizing agencies, and other pertiDeDt infomlllion are also mmmarized 
in Appendix 3. 

A storm water retention pond is located in the IOUthweat co• 1w of tbo Holland, 
Micbipn site next to the Macatawa Riyer. This pond receives IUdace nmoff from 
the west put of the site, except IUDOff from. cenain roofa and all leCOllduy 
cootaiomeat areas, which is seat to the cbemical ~ ueatment system. The uoHD'd 
recention pond bu no outlet, but water leaves It tbrouah the IOll. A delcription of the 
wastewater tnalment system la pmvided iD Appendix 5. Water from this trealment 

system is dilpoled of by deepwell iqjocdon for which Permka MI-139-lW..()()()3, 
MI·l39-1W-otl4, and MI-139-lW-<><>M have been panted. 

1be Pospbmytoin IOdium is mceived in bulk form fJom the Pub-Davia flclllty 
located in Holllncl, Mtcbipn, and the followina dlemtrala with their CAS nnmhera 

am med in the pmducdon of Polpbenytoin aolndnoa for iDJect1on. 

'·'· 
IJquid wutea are eontab'Odzed and transported after OD-lite map to Dmg & 
Labmarmy Dilpnal, Inc {D&L), located ill PlaiJlwe11, Mfddpn D&L la an BPA 
llcemed Tmltmeat and Dispolll. facility ,,,,,,,,.,,, tbe requbapeata of 40 CPR 
Part 26S ud ii a 1icemed Mkbipn Act 136 liquid 1Ddutt111 Wute Baler. D&L 

treats the wute u follow1; tbo liquid wuto ii hulkN and tmted by florcnlldon to 
iemovo all aolida, the liquida uo decanted and lllllt to a JicmlClCl fuel bJmder for 
incinemdoa. 

U:\NDA\Cl-912\U0332llA.IA2 
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6.5. Material& Dilpoled of Into tbe S.wqe Treatment System ID 
Rodatlter, Mlddpn 

Oll 

POT the Rocbeatet, Mlc1dpn lite, mbd.q tank naiduea ud spent rln11te IOludoDI 
containing de mfnimts ~•radou of PolpbeaytoiD 'Odium wU1 be dlldmpd to 
the Detmit Wastewater Tftwtrnent Plant. Bxceas bulk FospbeaytolD 10lution will be 
CODtaiDerlz.ed and placed iuto tempomy sump in tbe bmrdoua waste stomp abed 
prlor to UWport to a lkewd bmrdou wure iDclDentor for deltlucdoll. Bxcea 
buffer 1<tlutiou wD.l be neutll1IDd prJor to dllcbaqe into tbo IOWel' ayatem. The 
applicadon for tbe wutewamr pemdt bu been llJbmltted to Detroit Wiier l.Dd Sewage 
Deputmeat (DWSD). tho pezdnmt iDfonnatfon on the liquid mntutoa pmnlt la 
111mmuized in Appendix 6. Approval of tlda product will DOC exceed tbe limit for 

this pennit. 

no aJau vJala ud ampom. u.i in the pcoductlca of Polphenymin tor lqfecdon 
may become IOlld wutea duo to latpeedan fltlunl, QC fatlonl, •NI lted1ity fatlonl. 
Pilled viala ml •mpoulel wldcb fall intpecdolw llld ...m, wl1l be llmed lml 
IClledu1ed for crusldna· Abt cmaMns, tho Uqukla an aeperaled ; :m tbe cruahed 
11111 and Mntainaized. 1be ..,.... llquida .... off-lite for tactDlrldoD. Tllo 
cmsbed pa ii rfn.t and tbm 1mt to a D.ceDled C1ua D llDdftll locatod In 
Mfchipn. 'I1le dilpoPdon of IOlkl wute la aader a~ bazudoua waste 

generator ideatifiradm aumber, MID 005380126. PeltlDmt Information of tbia 
resfltndon la allo mmmarlwf ID Appendix 6. 

6. 7. Mataiall Dllpo111l ol u BmrdoUI Wute Materlall In 
Roc:lalltw, Micldpn 

Parkl'-D:t'~~· Racbelter facllity la a rep•tnd paerator of bmrdoua wucea. AD 
IOlid and hazardoul wute •uocl•ted witb pmdacdoD of Pospheaytoin IOdbim 

IJVecdoD wD.l be IDllllpd u bmrdoaa .... ut1Hz1na a 1lcelUled wute hauler IDd 
dilpola1 facility (Dma ar.d Labolatory DllpOlll, lnc). 1bla coatllCtOr 11 m BPA 
liceDled Ilea-meat IDd diipOlll facllity lcnted at P1aiawel1, Miohipn. 11lem ii DO 

compH•nre illUe rqudlna tho paen.tloa, banHna, or d•tpOAl of tlda material. 

Us\NDA\Cl-tl2\IB03321A.BA2 
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Off-specification (including !ejected) and exceas Poapbenytoin sodium will be 
containerized and stored in the Hanrdous Waste Storap Shed prlor to transport to a 
ticemed bamdoua wute incinorator. Storap of tllil wuto shall not exceed 90 days 
from initial placement in the storap abecl. All wute ahlpmenta aball be properly 
manlfelted ualq Mlcbipn Depa1meDt of Natmll :Reaomcea UDlfmm Manlfeata. 
Manifest copies will be kept and submitted u required by Michipn Public Al!t 64. 

6.8. MaterlaJa lmltted Into tbe Air ID llochlltlr, Mlcblpa 

012 

Air-borne puticulatea may be pnerated dudng the fomnl1•tion pmc:em;, altbough such 
an occummce ii unHkely. Bulk Pospbenytoln IOdfnm powder ii welabed~t in the 
Drua & CbemtC'l Dilpmina area prior to delivery to tbe bulk fonnnlatlon mom. 
1be Drua & Cbemb1 ma ii equtppod with 11\wal In-Ible BBPA ft1tedna aystem1 
capabJe of 99S puticulate removal etncleacles prior to dllcbup to the ambient 
atmolpbele. In tbe balk fmmulatlm mom, PolptrenytDhl IOdlum ii added directly to 
the il\jecdoll IOlutioD MDt1tnt11; water for iDjecdon; buffer IOlndom; and 
tromet•mtne. The remJdna mtxnn ii qltated to complfltely mix die ift.pedlenta. 
1be mtxiq occun iD a eac10led fom1111adon tuk, dma mtntmtz1n1 potellfi•l air 

roleuea. V'POI pmaw• of all lqmdlenta me very low and none are &jACted to 
vaporbe dudng bancllina ad mtxiq~ Nevertbelm, appllcadoll of air emission 
permits hu boen pated for HEPA ft1ten in ))mg and Chemical Dllpenlin1 ml 
so1utioD maaufa"""'q areu. 11le nmnben authnrizln1 qeaciel, nquimneata, and 
otbtt plltiDeat infonnadon are mmmvlzed ID AppenGlx 6. AD emp1oyw worldq 
with Polphcnytoln lqjectlon producdoD will ldbf:n to WIDlel'-1 •""*t'I Safe 
ffandlin1 GuideHne for PolpbenytolD IOCUnm (Appendix 7) which require tbe use of 
penonal ptUeedve equipment. Addl:lona1ly, Industdal BJllme moaitmna will be 
coneJCted to vedfy tbat womr exp>IUla to 111 llolpbea.JtOln Iq.'ecdon iqredleGta 
ue below Oooupulcml a..- GuldeUw (OBOI). 

Tbe BolkAJ, MkQipm~ Pub-Dm'il facility mahdatn1 compllaam with tho followina 
feeler .d, Ate, and local. ~. 1be incnue in wute paendon and endutou 
due to Pospheaytoia IOd.iua~ pioducdoll will be Dtlllalhla IDd wm DOt advonely 
j·mpa om· ability to compl':I with thele ndea. 

.. U:\NDA\Cl.f12\RBUlJ21A.BA2 
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Federal: Reaomte Comervadon & Recovery Ad. (llCRA) 
Bmcqency p11nntn1 & Community Riaht To Know Act (BPCRA) 
Hmrdoua Materials Tnnlportatioo Act (HMTA) 
Superfond Amendments & Reeuthmimlon Act (SARA) 
Clean Air Al:t AmeMmenta (CAAA) 
Clean Water Act (CWA) 

State: MI PA 64 - Hazardous Wute Manapment Ad. 
Ml PA 641 • Solid Waste Al;t 
MI PA 245 - Clean Water At:t 
Ml PA 348 - Clean Air Act 
MI PA 368 - Medal Wuto At:t 
MI PA 136 - Liquid Industrial Waste Act 

Local: Bolland Charter TOW1llldp Ordlaance 106 
- Wutewater D1lcbaqe Repladou 
• 1'belo ru1ea cover tbe d!acbuae of pnttary leWlge from tbe Bolland 

plant. 

013 

The Rocholter fadlity bu mat•tnect suhltanti•' cnmpUIJlce wiCb aJ1 of tbe above 
repladou, and pmducdon of Polphenytoln lqtecdm will DOt advenely atfect cumat 
complluco status. ID addition, tbo ltochelter flc!'\ty bu allO melntatMd ..,..., 
compli•QM with the folkrNiDI Slate and 1oca1 tepladoaa: 

State: Ml PA 'Jf11 -~ llelpome AIJt 
MI PA 478 - LeOtq Underp'ouad Stonp Tank Act 

Local: City of Detroit lnduttlll Wutewater Dilohv&o Qnti•nce 

Dilcbupa to tbe •nltuy sewer 1J1tem are expected fmm mbclq tlDk ~ water, 
dlspoaa1 of cleenfna IOladom, and dilcardiDg of=-· buffer IOladou. 'Ole 
C11tandtle1 and eompcwa* ft!IChln1 tbe wute Wiim' tnetmcat plat are not upocled 
to exceed eft1uent quality Umita u .. by die City ,.,, locbelter. All buffer IOhtdou 

will be matnffred pdor to dilclmp, and only bo~ clelontud/dildDed warm II Uled u 
a detnlna apat. Tbe City of Boch.._ replatel iadult!W dtW.IJ'W ml iequina 

tbat IDdmtry mon•mr tbelr etnueat at Inst iwn per year U> dmomtnte compliance. 
Tbo Roohelter t.dllty bu "'lintalnecf coan.,U.nc:e with thta ordinance. 

, U:\NDA\Cl.el2\Um3214.BA2 
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1be Bocbester waste Waler treatment plant baa a snmmum capacity Of 2.5 million 

gallons per day and Is a B-rated plant udHzing ID activated aludp pmcou. Tho 
Rochester plant otfen prlmuy and seconctaey tieatment, and dlalnfecta by cbJnrinadon 
followed by dechlorinadon prior to dilcbaqe into tbe Clinton River. Abt Juoe 1, 
1994, tbtJ City of Rocbeater will be sencttn1 itl anitlry and indumial dllchaqes to 

the City of Detroit's wute water treatment planL 'Ibo Detroit plant bu a m•xfmmn 

capacity of 1.2 billion pllona per day and la currently nceiving 800 mflJion p11om 
per day. 1be Detmit waa water tnatment plant udlirea an activated l1udae proceu 

and otfen prlm11y and IOCODdlry treatment, ad cb1oriDadon for dlllnfecdon pdor to 
dilcbaqe into tbe Detroit River. 

Finiabed product WW la expected to be pomated. Cruabed aJua wDl be lent to ID 

approved Clua II landftl1. 'l1Je MDNR Solid Waste Dlvialon adminiaten landftll 
comp!iance. ptnidwl product 1lqutda are aepmted from cruabed aiau and am 
dnnmued and ltOled OIHlte pencHq tnDlpOlt to a llcenled bamdoa1 waste 

incinerator. 11le WW ftntWct product ii repJated by Ml PA 64 and allo 
administered by the MDNR-soud Wuto Divialon u bmrdou liquid waste. 
Put.Davia Sterile Products bu beell luued BPA Own.tor m MJD 005380126 u a 
pnmator of bmrdou ...... 

Applicable expom and •tmon Hmffl for tho lochelter fac11lty am lbown In the 
Table below. 

fi.10. M1•lm11m Blpected Emttted Contmtntlon 

CalaJl•tlon of a maltmnm BBC la blseJ OD nleale of the Dm1 Substure Nllfmmly 
within the US Usina tbo eqaatioll pftllClllted by tbe Pbarmaceatlca1 Manufactmm 
Auooi•tJon in their !Uld'nro document for preparadon of eavitomDIDtll UIOlsmeata 
and ID Nfim•"<f ftftb..yelr pmductlon of pounds of Poapbenytoln todlum. 

ppm (in us emitomneat) - lbllyear x (8.9 x lo-') 
derived from ppm • (A)(B)(C)(D)(&)(P) 

~·here: 
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A • pound& pmducecl diWled by 1 year (fifth-year production admate). 

B • 1 year by 365 divided day1 (length of year). 
C • 1 day-penon dividerl by 150 p1loaa (avenp dally water use per 

penon in US). 

D • 1 divided by 246,000,000 penou (populadm of US). 

B • 1 pllon divided by 8.34 pounda (weisbt of a pllm of water). 
F • 1,000,000 (coavenioa to pa1t1 pm mHHoa). 

1be maximum expected emitted ooacentratioD in tbe us ii calcu1amd to be: 

ppm (in us eavimmnen&) -
ppb (in US envlranmeat) • 

ppt (in us eavlrcmmeut) -

CIJMlladom Wfll'O pmfonned In order to Mttmate tho wont-cue concentntion of 
PolpheGytoin that could poallbly be pt'11111t ID the United Stltel. Tbe Nttm1te 
u111moa tbat all Po;phmJtoln lqjecdm prodnced for aaJe la tbe US (bued Oil 

~Jl•ye&r polt.lpplOVl1 p10ClucdoD. el*irMfel, Jbl) wiJl be NlminilRnd to 

015 

padenta and dlqoled of dbectl.J Into leWll8 ay1tem1. 11da raJrnlatfOD ovmeattm•tes 
tbe envimomemal Ql1Kd1taadon of J1olplmJtOiD IOCJimn In • leut 2 waya: (1) It 
•11Um01 tbat all tbe FoaphM;ytoln prodnced wDl bo told ud UIOd by padent&, and tbat 
DODO will be left UD101d, um•aed by petlmta, OJ' wD1 dlphe or be ntumed for dllpOll1 
outaido lewlp trealmcU .,......, IDd (2) It ....... tblt al! of tbo Poapbm,urin 

sodium Iqjecdcm ldmfnitt.erecl to pa·-- will be mcnted iDto sowap tlellment 

1y1tem1. P.dent me&abollam will obvioaa1y !educe die quantity of Polpbenytohl 
sodium nacMq tbe eavboamD, u wi11 dilcbup into pliVlle aepdc systems. 
Nonetheleu, 46 puts per trillion ii Cllcul•ted to be tbe •rJUimnm• expected 

envimameatal concw1tmtioa la tbe US iOllowina tbe eltfma P~•nted above. 

7. PATE OP EM1T1'ED SUBSTANCES JN TBB ENVIR.ONMENT 

Polpbenytoin aodlwn ia a prodl\11 wbidi ii readily convened qn•ntitadvely to 

pbeaytoin (dilantin.) by padmtl. Bued on a te'Yiew utic1e Oil tao met1boliam of 
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phenytoin (Appcodix 8), it is expected tbat Fospbenytoin sodium to be largely 

metaboliml to hydroxylated phenytoin. The major metabolite, S-(4-hydroxyphenyl)
S·phenylhydantoill (p-BPPB) excreted in urine, accoumed for 67 ~ to 88 ~ of 
administ,ercd dose. The other urinary metabolite is dihydrodiol phenytoin which only 

accounted for about 7 ~ to 11 ~ of tbe dose. Leu than S ~ of the dose ia expected to 

be excreted in urine u unchanpcl pbeoytoln. Accordlnaly, data were developed on 
Fosphenytoin, phenytoin and p-hydroxypbenytoin (HPPB). 

7.1. Hydrolysis or Pospheoytoln Sodium 

Hydrolytic stability: Hydrolysis of FoapbenytOin cllaodium bad been studied at 

various pBs and buffer coacentndona by V. J. Stella (Appendix 9). The rate 

constant is contained in the table below: 

Bffect of Buffer Conceotntion on the Rate of Hydrolysis of Foapbellytoill Sodium at 
Various pH Vatur 

Buffer Butfw Ccmc, M Appu'lat Plllt-0.W .... 
CGGlllDI («), z 1a4Ja·l 

..,.z.o ... 
Cano. x 1«>4Ji·l 

Acetate 
pH3.9 0.025 50.1 

0.05 50.7 
0.1 U.1 44.4 

PbOlpbt•e 
pH6.5 0.02 13.4 

0.03 15.2 
0.04 18.S 8.! 

pH7.4 0.01-0.04 2.tJt 2.9 
pH8.1 0.02-o.04 1.1 .. 1.1 

• " - o.s. 10•c. 
b No buff.- Cllaly.u 

SbJdiel of tbe bydrolydl of pbenytoJn WU delCribed ill the AnalJdcal PIOfl1ea of 
Dma Sublllncea Volume 13, Pap 42i~ (Appendix 10). Afr« mflmtng pbmytoln in 
2.5 N RCL for 7 boun, •""'"'»y ~Jete recovery of ltUdq material was 
oba•mct. P1myto1n '*ted 24 !Qm at 110•c to 1a•c 1n 201 Na~(5 N) pve 
82 ~ yield of dlpbmyJalyciDo. Stability ltudy of pbeoytoin iqjectioD bid lbown tbe 

. U:\NDA\Cl-912\UOJ321A.BA2 
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presence of diheoylbydantoic acid as a decomposition product along with 
diphenylglycine. 

7.2. Distociatlon Constants 

1be ionization constant (pKa) for Fosphenytoin sodium, pbenytoin aud 
p-hydro:r~phenytoin is listed below: 

pICa 

F"lphmyf..oin IOCtium 6.2 :t 0.017 (D • 3) 

fbmytoiD• 8.31, 1.33 
HPPH 1.22 
• Reported bl Analyticm1 Profile of Dn1a Submaoel Vol 13, P 426 (1984) (Appmdix 10). 

The study leport ii provided u Appendix 11. 

Phyaico-Chendcal Data Sumnwy Table 

Posphenytoin sodium 

Molecnlar Fcmnula and Weight: C1~15N206', 362.la g/mole, fne acid 
C1'8uN20tPN'2, 406.24 a/mole, sodium 1111 

Phenytoin 

MolemJar Pomm1a and Weipt: CuBuN20z, 252.27 g/mole, fme acid 
C1sB11N20iffa, 274.25 almole, sodium salt 

Bydroxypbeoytoin (HPPB) 

Molecwdar Pormula and WoJabt: c1~1~20,, 268.27 g/mole 

.. U:\NDA\Cl-912\1B033DA.1Al 
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Solutions of Fospheoytoin sodium were mixed on a rotuy wheel for 1 hour at 
24 IJJm. Samples wme filteled and quantified by HPLC yiel<Hng the following 

results. 

Buffer Sy!em pH Solubili!f (9/mL) PinalpH 
0.25 M Na~sO:i 4.0 71.5 4.37 

.s.o 140.2 6.39 
0.05 M Na,JIP04 6.0 141.7 7.04 

7.0 134.S 7.60 
8.0 137.2 1.50 

0.05 M N62940, 9.0 14'1., 9.35 
10.0 121.7 10.28 

Tho complete test iepurt includiq the BPLC procedure, study site, and tempenture 

is provided in Appendix 12. 

018 

1be water solubility of pbenytoin bu been poblilbed ill Amlytical PmL!ea of Dmg 

Subnncea. edited by Klaus Flory, Volume 13, Pqe 417 (1984). Infomladon 
preaeated below for pheaJtOiD waa taken from dda nfereaco (Appendix 10). 

Infmmation iepnlilJI buffer compoatdon aad ftna1 pH wore not available, bowever, 
tbe relatively low IOhabllidel oblwYeo lllgelt that the final pB values wem similar to 
the pB of the buffan. 

pll Sohabllky (ma/JDL) 

1.6 0.02 
4.4 0.02 
5.0 0.01 
5.9 0.02 
6.9 0.02 
1.0 0.01 
9.0 t'.10 

10.0 0.96 
11.0 t.6 
12.0 96 



Fosphenytoin Sodium 
Injection 

16 

.... 

Solubility: Solutions of Hydroxyphenytoin were mixed on a n>tary wheel for 1 hour 

at 24 Jpm. Samples were filtoftld and quantified by HPLC yielding the 

following results. 

The complete test report mcJuding HPLC method, study lite, and tempentwe ia 
provided in Appendix 11. 

-
Bufier~ pH Solubility (llJl/mL) -0.05 M NaK.Z:f 04 4.0 0.013 

5.0 0.014 
6.0 0.014 

0.05 M N'2ff104 7.0 0.014 
7.5 0.016 
8.0 0.022 

O.OS M NaiB40, 9.0 0.104 
10.0 1.19 

7 .4. Partltlon Coemdmt 

019 

FospbenytOiD IOdinm, pbenytoin and bydlmypbenytoln were equtJHnated with equal 
volumes of octanol and aqueous buffer. A1J. lntemal ltandard, acetophenone, was 
added to each contaiDm' and mixed on a rotary wheel for 30 minutes at 24 ipm. Bach 
phuo WU Ulllyzed by BPLC with tbo following JMU1ta. 

Batr.Syltem loa(X.,..) loa<Ko.,) loa<Eow> 
~- POlpbmytain Pblaytoin 

0.05 M Jlbmpla•te, J'll 4.0 -1.10 2.41 1.96 
0.05 M ~.pH 7.4 -2.03 2.40 1.91 
0.05 M Bente, pH 9.1 -3.06 1.34 0.12 

Tbo complete teat nporta are pmvided u Appeadicel 11 ~ 12. 

. U:\NDA\Cl-912\1Bm321A.BA2 
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The vapor pressures of Fospheoytoin sodium, phenytoin, and hydroxyphenytoin were 
detenninect follo\'i·ing the proc:eciuMs ;n FDA Bnvironmental Assessment Techn;.cal 
Assistance Handbook Section 3.07. 1be gas saturation method wu used for each 
compound, and for each compound the vapor pessure was detennined to be less than 
1.3 x 10-5 Pa (1.0 x 10-7 toll'). The complete fiJJal ieport on the vapor pressure of 
Fosphenytoin, Study Number 1032()..()993-6129-740, Report Number 94-6-~318 is 

attached u Appendix 13. The complete final 1eport OD the vapor pmsure of 
phenytoin, Study Number 10320-0394-6140-740, Report Number 94-6-5308 is 

attached as Appendix 14. The complete final report OD the vapor pressme of 
hydtoxypbenyto!n, Study Number 10320-0394-6144-740, Repo:t Number 94-6-5307 is 
attached as Appendix 15. 

7 .6. Sorptlon/Desorptlon 

1be propensity for lnt&.:'11 chug mbmnces to be transported from disposal sites is 

determined by factoh ,· .mtribotiq to their distribution, mobility s and ponilteoce in 
the environment. Partitloaing between solid and aqueous pbaaes inf1ueDces mobility 
by conttolling IOlption and Jeachtng mes. A masme of a compound's tendency to 

sod> and deaorl> readily can pmdict tbe ultimate disposltion of residues u either 
bound to soil/alodge, or u fftdy soluble material. 

Fospbecytoin IOdinm, pbeaytoiD., and hydroxypbeDytOin were studied to ddmmlne 
their sorptioD and delmpdoa pmpmtiel followiDi the FDA BnviromneDta1 Aaseaament 
Technicll A•sinnre Handbook Section 3.08. 1bree soil types were used with both 
reapnt water to minric •10ft• water, ud 0.01 M Ca°'2 to appJOJimate •bud• water. 

For Pospbmytoin todium, at a IOlotion to soil ratio of S: 1, resulta &bowed tbat the 

mean pen:ent IOl'bed for all 3 IOll types IUpd from 19.0S to 42.4S in C&<1 and 
flom 8.68~ to 29.9~ ID naaent water. Wiim ~ wu lelted, none of the 
aod>ed PospbellytoJn todimn could be nmoved from reaaent water or Ca~. Tbis 
indicated that Pospbenytoin IOdium wu lbODgly bound to the 3 typt& of soils tested, 
but tbo low delo~ WU probably due to npld degradadon oca.HTina in the 

amplaa. Sir ' .1raiolabe1ed PolpbmytoiD sodium wu not available for thia study, 

.. U:\NDA\Cl-912\1Bm321tA.BA2 
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water and soil concentrations weie determ.lJied by using HPLC with UV detection. 
The preliminary SCJeelling portion of the study demonstrated that minor differences in 
SO!ption occurred between reagent wale'"' and eacii solut!on for all 3 soil~
Results of the p~Uminary study ue SUll1IDUized below. 

~ ~ 
Soil Type ~~ W°"ter C.Cl.z Water 

Wubiqtmi 6.:lt 9.60 972 1480 
Kann• 149 41.8 101"-.' 2910 
WUtcomiu 46.9 13..5 1450 727 

'°'asbington soil: 46• and, 47S lilt, 7'5 clay, 1.1Sorpnicmatter,pB7.8, 
cation exdJlnge capacity 23.6 meq/100 g. 

K•nsas soil: 10• sand, 47S silt, 43S clay, 2.5• orpnic matter, pH S.S, 
cation exchange aai-city 34.4 meq/100 g. 

Wisconain soil: 48 • and, 37 S lilt, 15 S clay, 5 .5 • orpnic matter, pH 7 .1, 
cadon fllcl>ange capacity 17 .2 m.eq/100 g. 

Consistent with the PDA lhndbooJc, advanced ilotherm tetttng was conducted with all 

3 aoils in both water typos, lince bfndiq at a 5:1 DU would bave demonatnted 
greater than 2S s IOlption. Due to the ielatively high IOlptlon oba«ved ill the 

:;rreening pbue, aoludoll to IOil ratios of 50:1ud100:1 wem used in the advar..ced 
isotherm test (50: 1 for Wubiqton, 100: 1 for "'n•• llld Wilcouin). Raults of the 

definitive telt conducted at concentratioDa ranging fmm SO. 7 to 3.02 mg/L are 
summariad below. 

Sail 'l)pe x.. r.. ll ~ w.....,... 11.1 1820 1.25 0.997 

Km·· 43.2 2940 1.59 0.9;~ 

WJrcwjp 6.10 lD 0.953 0.801 
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Results of the definitive test conducted at ooncentrations ranging from 49 .4 to 

3.80 mg/Lin 0.01 M CaC12 ue SUIDJD8ri%.ed below. 

Soll Type JC.. Koo n Ii 
Wublqtaa 23.1 3,570 1.15 0.866 

"'""' 315 21,400 1.99 0.995 
W-ucaa.tin 51.2 1,580 '11.75 0.941 

The complete final repoJ.t OD the smpdoo/del01ptioll of Fosphmlytoill IQdium, Study 
Number 10320-0993-6128-710, Report Number 94-6-5352 la auacbed u 

Appendix 16. 
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Por phenytoin, the same testina was pelformed ,.sing IOlla from tbe mne Iota. Al a 
solution to soil mlo of 5: 1, iesnlta showed tbat the mean perocmt abed for all 3 IOl1 
types ranged fmm 10.1" to 43.0" in Ca~ and from 2.04" to 45.0" in reagent 

water. When delolptioD WU felted, 51.6 to 87.4" and 63.4 to 100" of the IOJbed 
phenytoin could bo removed flOm reagent water and CaCl:,, reapeetively. 'Ibis 
indicated tbat phenytohl WU only aliahtly bound to tho 3 type& of IOlJa teated. ~ 
proHmiury .:reeaiq pmtioa of the lbldy demoDltlated tbat no lipffbat difference 
in sorption OLDJom between napnt water and ca~ 1a1utton for an 3 IOll types. 

Results of the preliminary lbldy are 1Wftmarjted below. 

E, IC,. 
Soil 'l)po eaai w.- eaai Water 
WllldD&tan 0.604 0.303 93.3 46.1 
Kras 1.16 1.01 11.S 61.1 

WiDmsla 3.61 3.41 112 105 

Consilteot with the FDA lhndboot, advanced ilOtbmm tesdna WU only coaducted 
with the Wilconain IOil ID CaC!li llnce deac111~ WU areater tban 75. for the other 

.. U:\NDA\Cl-912\IBG3321A.BA2 
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2 soils. Results of the definitive test conducted at concentrations rauging from 10 to 

0.6 mg/L me sum.mariz.ed below. 

Soil Type ~ Koc n Ii 
Wubiqton NA NA NA NA 
Kam•• NA NA NA NA 
WllCO"si" 3.46 107 1.06 0.996 

1be complete final ieport OD tbe smptionf~ltion of pbmytoin IC)Clbun, Study 
Number 10320-0394-6141-710, Repott Nu~oer 94-6:-S314la1tt1cbed as 
Appendix 17. 
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For hydroxypheaytoin, tbe aame tMting wu pmformed uliDa tbo IOi1 from tbo nme 
lots. At a solution to soil ndo of 5:1, results abowed tl:at the mem percent sorbed 
for all 3 soil types a"Pd from 13. 7S to 53.3 S in Cat1 llld fmm 3.54 to 43.81 in 
reapnt water. When delmptioD WU teated, 45.SS to 61.2S IDd 30.51 to lOOS of 
the IOlbed hydroxypbenytoin could be removed flOID ... water IDd CaCI-i, 
respectively. This ;ncHcated that hydroxypbmytoin WU oaly allPdY bomMl to tbo 
3 types of IOill tested. The preliminaa:y ten mnina poldOG of tbe atudy demonmated 
that DO aigDjficut difference in IOlpdon occurred between reapnt water and 
Ca~ IOlution for all 3 IOil typea. :blulta of tbe preUmiau)' lbldy are mmmarimd 
below. 

E.a !,, 
Sail Type eaa.z Watlr C'&Ji Water 

Wllbiaatm 0.151 0.487 131 75.3 
x-- 1.92 2.09 130 142 
WMoaalla 4.11 3.55 149 110 

COlllilteat with tbe :mA BancJhook, advaDced ilothmm tNting wu oaly conducted 
with the Ka0 AI and WJiooasin ~ in ~Cli dnco delo1pdon WU pealer than 75 '5 
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for the other soil. Results of the definitive test conducted at concentrations nnging 
from 1.2 to 0.08 mg/L are summarized below. 

Soil Type 
NA 
1.85 
3.33 

NA 
124 
103 

ll 

NA 
1.20 

1.19 

NA 
0.993 

0.998 

The complete final iepol:t on the aorption/delOlption of bydroxyphenytoin, Study 
Number 10320-0394-6145-710, Repmt .. ..aber 94.5--5286 ia attached u 
Appendix 18. 

7. 7. Photolysis 

Pospbenytoin sodium wu adied to ctdennino ita potential. for photo1yaia followina 
tho FDA BnviJomnelltal Au.. '1DCIDt TeclnriClll. Auil&Uco Handbook Socdon 3.10. 
Photolysis u a pathway for dqradatlon can be imp011ant from an enviromnental 
pmspective aince most phann1ceutica11 will enter tbe eavironmeatt ill a dillolvod 
form, whether ~ dilchup from the lite of producdon or from patient me. 
Photolysis occun when a djuolved compound ababa light and depadea tbroup 
eneqy tnnafer. 

024 

Phocolysia WM inveadpted at 3 pBa, S.O, 7.0, and 9.0 for a 30-day period. blulU 
demonstnted that Folpbmytoin sodium is rolad.vely Jeatstant to photolysis. The 

half-lives were dettnnlnect to be 112 days at pB 5, 193 daya at pB 7, IDd 86daya11 
pH 9. Corre1atioa coet6cimta llDpd from 0.586 to 0.654 and ue consistent with 
half lives 3 to 6 time& loapr tban the apnimental period. 1bele elm IDcHClte, tLlt 
photolyaia in aqueous IOludoll ii not a primary mmcm1 mecJvtmm for Poapbeaytola 
sodium in tbe eaviroDment. 

~ U:\NDA\CI-912\U03321tA.EA2 
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tbJOu1bout tbe atudy. blulta of thele analyaea indlcat.~ com;>lllo biocramfonnation 
to pbell_ytoln occumd ln the. ftnt day. 

Tba complete ftDl1 npoft OD Iba umb1c aquadc blodepd1tloa of POlpbeaytoiD 
IOdlum, Study Number lOS20-1093-613~731, llpolt Nwnber g+6.53'9 la •"'cbed 
u AppeacUx 20. 

Prom ca.. C'4C]plaeaytola lluica, tlll oumwidlve 14CC>i oolleatld over 42 •11 wu 
DtlffllhJe llladve ta tbe dall tnttt•UJ appllld. "c-voladJI orpn1o pmduota &llo 
., .. ao& de&ea&ld tmm t1111a flub. l'IOlll t111 14c....._. flub, .-- tbu eo• 
of tlaa cloHd ndlOIOdvity WU oolllatld U I~. ADl1Jlll of die tMt IOlliona 
mptetataa [14~ w .. pConn1c1 .... BPl.C·IAM t1nu1baut tbe ltlady 
ud IDcUaalld tba& DO cblmloll CODYlllioD OOOUftlCI cbulq tbl a&udy. 

1111 camplm ftDal 11P01t OD die llroblo ~ blodipldatlcm of pbllytolll, Study 
Number 10320-0394-6142·731, l.epolt Humber M-6-5337 la •&tlobld u 
Appladlx 21. 

P101D t1ae c14C]llJ•.,,._,.. flub, ... mmnldve Mcos oon.111 OYtr a .,. 
wu lppft"d•1t11y 101 of 1a1 c1o11 lnttl!"11PPllld. 14c-voiat0e Qllllllc produota 
w• llOC de&ea&ld from tMll flub. l'IOlll 1111 Mc-puoo. flub, p ... tblD 40• 
of tbl do11d ndlOIOdvity WU ooJlald U l~. 'n. ..... ......_. 
OODOlulvtly tlllt :• oampllta '*""-lndatlml of c'~ to ... 
dloJddl OID OOCIUI' ulaa CllllntWI OM'"MJlllJ foUlld la pabloly OWllld a-"Wlt 
pl1••. llowlYer, tlda blocllpadatloa la DOI npld, AllllJlll of tbe tell IOlutlaDa 
oontetotaa [1~tm& WtlW pldormed ulDa BPl.C·IAM dlftlqboat tbe 
llUdy ad •adnted dllt ........ SOI of dll lpplled NC..,._ laid 4lllldlcl 
to men polar pmduata. 11da ......... of polutty WU IDldl by ooqmt .. of 
llPLC ........ tllllll. 

Tbl coaapltfa flail iijiOlt - ... •robk\ eqnado biodlpadadoD of bJdlmJpbllJtola. 
Study Number 103~146-731, llpolt N11•ber 94+5323 la dlCbld u 
Appendix 22. 
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The environmental dlatribution of PolpbonytOiD aodium abould place ln tbe aquatic 
pbuo. Thi low vapor PNllUN demoaantea tb&t tho atmoapheric companmeac wW 
not be llplftauuly atllcted by ml•• of PolpblaytoiD. With tbo o,memlly low 

aolid.s level of llWIP U-lm•t 1"•0 t1, Polpbeilytobl ad Ila dtpacladon pruduC.U 

027 

wW be pwt pdmutly la ta. llydrauUc pbua. The uldmata fate of Polpbeaytoin la 
deteraWled ID ~ by tbe meCabolilm in patllma ud *- Dlodeandatlon ID wuar. 
Mlllbolllm dala lDdiCllM tbat Polpblnytoln la oompl.aly modlfted by pltteatl to die 
byclmxy dedvadve, bycbox_,,...,... 8lodea1adldcm dlta lbowa tbat 
~ will ..Uy doplde wblla apolld to oom•on beotaia ladlpaou to 

llWllO tnltment plaatl. n..ton. folplmytoiD IDd ill depadadoa praducU will 
DOt penllt lD Iba eavlroamlat. 

I. DMRONMBNTAL Ul'&CTI 01' RILIAIBD llJllTANCll 

Procluodoa, ue ud dlaoblqt ot l'Olflm1t0ln MJdlt•• IDto dla eavlmaalmt wW pme 
DO ldver9 llflC=t cm bmu1 1, 11tma)1, pll• or ~llJ llptftaat 
ospmam1. All cq1ntn1 tllt8ll llldlaltld tba& ao tlnlt co 1111 ot dma .. poulble 
a& COM1'atlldoal a& or w dloll calclallMd to ooaar tlP1ll 4'Jliv"'1 of ddl NDA. 

Al I mlUUl9 of die lmdoi&J of 1D1 Glllmioll, &Ill ......... Of tlae Jowtlt 
CODOIDndoD tbat bthfblta adalobla1 pvwda la llllpOIUt ..... of poldbll 
lllldftaldmll 11 tlll& oaacm&1lloa II m11dld In tbl mvlmnn•t Tani mlmobla1 
powth lnblb1doD adlll wa ooaduGMd ......, to tbl IDllbodl ud prooedusw 
pabUWd m 1b1 l'DA TedndM1 Au._aoe Jludbook, l1Gdm1 4.02. Tiii mlclublal 
'nb'bltm1 ......_ (MIC.) ot PolpblD)1olD l(idt11m, pblDJfOla llld 
II~ wn dlMm&leed for-* of 5 ..... Por ID S OOfllPOUDdl, 
pl'IUallauJ ........ QODVlllD1dau of 0.1 to 1000 ppm (0.1 ma/L to 1000 ma/L) 
lbowecl ao ._.to 1115 .... ID\wdpW at ID ............... IDoludlna 
1000 ma/Le ..... Cll .......... of tbl preUmlauJ ..,..., dllfbdtM ...... 
aot OODduafld. Tbl MICI atpOltld wa .... u tbl low.- .._.,"om of dllle 
matcda1a tbat oomplltely lnhlbhed tbe powtb of tbl - orpallDJ. 
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Tiie cvnpWe ftDal npon oa Iba mlambla1 powtb IDblbldon of PotpblllytOba 10c1111m, 
Study Number 10320-05~155-770, RlpOlt Numbor N-6-5293 la 1Ulebld u 
Appendix 23. 

.. .... 
... _""" _,_ ,..,,... ----~ 

>1000 
>1000 
>1000 
>1000 

1111 rompJltl ftaal ltpOlt oa tbl mlorobW mwdl lnhlbldm at pMll)'tOia, Study 
Number 10320-0594-6156-770, 1'lpOlt Number M-6-529411 dlohed u 
Appendix 24. 
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1be complete ftnal 19pOrt on the mlcrobia1 powth lnhlbltion of hydroxypbenytoin, 
Stlldy Number 10320-0594-6157-770, RAlport Number 94-6-5295 ia aaacbed u 
Appendix 25. 

Tbe acute toxioldel (COllDIDtratioll at wblab 50'5 of tbo orpailma an affecled or 
BCso> of Pospbeaytoln todlum. pbeaytoln and bydloxypbenytoln to Daphnla 11141na 
(a fmlbwater inYOltlbratl). were inVOldpted. Thia orpnta la often telted IDd 

oouldend to be 1 of die moat IWldvo aquatic l)*lu avatl•blo for llllldlJdlz.ed 
aquatic ltUdiel. Tbe DO obien'ed effect OOWlltlldoD (NOIC) WU detannlMd U 

well u Ibo BCso· 'Die NOBC la deftald u tbl biPllt OOWlltlldoD at or below 
wldcb tbele wu no tmiCllDt·nlated tmmobfHndoll, or pbJllca1 or bebavionl 
abaormalld- wben oompllld to tbe OODtm1. TM llUdy WU OODducled IOOOldiq to 
the mcJmda ud procedunl pub1ilbld ID die PDA TMlnritwl •••'•noe 8aDdbook. 
StctloD 4.08. 
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Durlq tbo Daphtda """"" acute toJdclty .ay wldl POlpbMJtoln IOdlum, 
ir'.oblllratloa or ab"""' tftlatl wn obwvld '"'Giii dlphnklt UJ)Olld to llVll'l1 
ot die .....S OOWlltrldou (OS ll 23, 41 llld M maJL, 10• I& 190 ma/L. 75 • 
It 380 maJL, ad 100• It 760 lllllL> foUowlDs 24-baun of lipOm. Attar 
4l•boun' apoame, 751 ... tmmohtllad at 190 maJL, ". at 380 maJL, and 
100• I& 1111 Malwlt coaatmdoa, 760 ma/L. No hmnoblllllttoa WU otaved It 
lower ooacmtndnm or ID lbl oaatm1 IOludaaa (IOIDI made bebavlor WU ... I& 

94 ms/L). Tiie outcome of tbl lbldy wu a OLloulatld 41-baur BCso for dlphnkJt 
expc>•d to ~of 170 ma/L. Tbe 41-bom' NOIC for tlda ltlMly wu 
determlQld to bo 48 lq/L. 

Tbe compllle fttwll npolt OD tbl Dapltnla ,,.,,.,, Stade Acute TcUclt) of 
PolpblDJtOla ..... ltDdJ Namblr 10320-0594-615'-110, l.tpOlt 
Number 94-5-5273 11 IUIObed u Appendix 26. 

DurJDa tbe Dtlplrnla 1J11111G IO'Jta toxiclty ICUdy with plmJtola, DO lmmobfJlzttloD or 
aublldlal etfaita wtl9 ob1erved IDIOlll daphaidl IApD-2 to ID)' of die Wind 
conceatmdou (39, 23, 14, 1.3, llld 4.9 ma/L) foUowlna 24-boun of IJlllOIUl'I· Tbe 
fu,,,,,,..J llmlt of IOIDblJlly ID die budlDld flelbwatlr .... tor tlda IDldy WU 

39 msJL~ ....... by •"'• •• , ........... of plmytola for 24 boun. After 
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48-houn' exposure, 20'5 were immobilized at the blaheat concentration, 39 mg/L. 
No lmmoblUz.atioo wu obaerved at lower concenttatiom or iD eldw' Cho aolvont 
conaol or tho coatrol IOlutiona. Tbe outcome of tho ltUdy wu a calaal•ted 48-hour 
BC50 for dapholda upolld to pheaytoiD of INl&et than 39 malL. Tbe 48-bour 
NOBC for phenytoht wu determined to be 23 msJL. 

"Ibo complete ftna1 1eport oa the Daphnla ma,na SWic Acute Toxicity of pbenytoin, 

Study Number 10320-0993-6134-110, Report Number 94-6-5321 ta aaacbed u 
AppeDd1x 27. 
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DuriDs tbe DophnJa ma,,,a acute toxicity atudy wltb hydrcxyphooytoin, DO 

lmmob'Hudon or lllbledall atfecu wme ob1sved •moq dapbnlda expc11d to lllJ of 
tbe meuwed coacmtradon (28, 17, 10, 6.2, and 3.6 lllJIL) folluwiq 24-boun of 

UJ>OIUl9· 1bo flncdoDt' Umlt of aolubWty iD tbe budmlld fmlbwater UllCI for ddl 
audy wu 21 maJL. detftrmtned by ltltr1Ds a atuntat I01DtioD of b~JtOio 
for 24 boun. AftlJr 48-houn• apoaure, no tmmobtHadon WU oblmYlcl at any 
CODt8ltlldon or ID eitber tba IOlvem ooatlol or tba OODUol IOludou. TM outcome of 
tile lllldy W11 I ca1call1 td 48-bour &:., for «hphnlcjt upa•d to ~ytoin of 
peater tban 28 maJL. 1be 4bour NOBC for~ WU ....,,,Md to 

be 28 lllJ/L. 

Tbo complete ftDl11epcut OD tbe Dilphnla """"4 Stade Acute Toxicity of 
bydroxypbellytoln. Study Number 10320-0494-6153-.110, Report Number 94-5~5271 ii 
lttaobed u AppeDdlx 28. 

Tbe DWVW mllliD ot afety tor Polpbmyto1D IOdWm la bued Oll tbl NOBC for 

Daphnla """"" (die molt ...ttlvt _~-teated) and la ca_lcttlated by dMdiDa 
48 mafl., bJ-(tM ~ eapeated COPOll1'iadoa bued OD 

dllcrlbudaa of all JlolpbloJroJD over tbe mdse Ualtld Stalel). TIU Ollad1tloD 
multi ID a llflty masp of 1,067,000. Similar maqtu for plmJto1n and 
~ U., die NOllCI dltefmlcwl · • 1111 llflty 
marpa for pbeaJtOID la 500,000 and for bydmxyphmytOJA. 609,000. 

Baaed OD tbo docummted rapid depadadon patbWIJI llld die lup lllety maqiu 
(Snater' tbaD 100,000), JIOlpbm,aoiD IOdb1m bu bem lbowll to bave DO tlfect OD die 
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extema.1 aquatic environment. Fosphenytoin sodium wu shown to delflde in water 
with a half life of 1eu tban 1 day under mioroblally populated coadidona similar to 
those 1eon in wutowater treatment plants. Thil cleuty domODltratea that 

Fosphenytoln &Odium wW not penilt in the eaviroameat. Pmtbermore, Polphenytoln 
sodium wu ahown to havo no effect on a wide variety of micn>oq1n.lsm1 11 

concentrations u bi1h u 1000 mc/L. The I..Cso to Daphnla mqna wu determined 
to bo 170 ma/L and tbe no ob.ved effect conceatndoll wu mlcuJ1ted to be 
48 rq/L. Tblt lowOlt rlak concmtndon ii more than 1,000,000 tlmol blaher than 
that wblch would occur if all the produoed POlpbeoytOin wore Ulld and dllchupd 
over tbe entire United Statea. 

Mlllbollam data produoed by Parke-Davia tncttmtet tbat the eadm quantity of 
Fo1phenyiotn IOdlum taken by patieatl ii oxcnted u bydmxypbmytoln. 

Hydzoxypbeaytoln bu '*'1 proven to blodepade to 1D019 polar oompouada ud 
uldm•teJy to cuboD dioxide. Purthmnore, DO toxicity WU obleived for 
hydroxypbenytoin at the limit ot I01ubWty. 'lbomfore, depadadon pathway• m 
detelmlDed for tbl pumt dnq pbeta .. l'olpllmJtoln, ud the uJtimatll)' dllcbarpd 

metabolite, ~· 'n. lntmaedi1te In detradadoa~ plmytoln, which ta 
formed In WYO tnnllmltly, WU not obalYed to depado uDdlt tbe 1abonlory 
conditlom emploJed. NonedMlll1, DO envlmeatal etflCtl .,.. ob.ved at 

CODCIDtladoaa wltJdn 100,000-fold of tbe pmlicald eavlJonmeldl1 CODCeDtradon. 

'· tJSE or UBOUllCIS AND ENBllGY 

In 1993, tbe Bolltnd, Nkbtpn m•m1&cuattq lite Ulld 19,643,113 ldlowattl of 

eleclrlolty llld 34.62 x 1010 BTU of•• to produce 1,085,153 q of cku1 
aubltuoll. 'l'ballftb-ytu production Mtt•ate for Fo.,a-,toln la poundl 

(11,253 ta) IDd iq>Hllatl ID lacrme of 1.04•, OD I q bula. 

Tbe pmduodm of Polpblaytoin IOdlum mp111111t1 ..._.•llA'« ~:-: teal 
pbam>•CNdcal pmducdon at tbe Rocbllaa' facWty. 1111 ~lld ICdoa will not 
alter llDd w liDce pmducdon will tab place Oii. pn>~i.w CUllllldl' ow'.J&i by 
Pub-Davia ud udHud for die manuf'actme of Na&rm .. N ~~...o11 pmdudl. Thi U11 of 
MIUW NIOUl'Oll ad Glll&'IY for tbl muufaaure of Polpb:~~ .odl11m la 0.1 • of 
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the pro&CDt total plant uaage and can be accommodated by the exUtlng lnfrutructuro. 
1be Rocbeater facWty aentt'lteic its OWD electricity via I pa-fired tulbine. In 1993, 

the total natural ps use wu 465 ,098 billion cubic feet and tho illcRUe in 
consumption due apecUblly to the production of Poaphenytoln lqjecdon is enimated 

to bo leas than 1 ". 
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No impact will occur to endanpnid or tbftratened speclel. Slnce thla activity doea DOt 

involve the altendon, demolition, or CODltnletion of bulJdln& or earth projecta, 
approval will bavo no impact on proporty lilted In tbe National Reatater of Blstadc 
Platea. 

10. MITIGATION MEASURES 

• Ute of MDNR perm1Ued air padlyl.q oqulpmeat t9 provent air emlutou Imm 
exr-cstn1 eallbHahed Pederll ud State J.evell: 

• Dilpoal of neutnltrect buffer aoludom and wub/dme water blto tbe CUy of 
Rochelter municipal mewer ayltem which II tnated by tbelr ttrdary wutewater 
tlelbnlDt faclllty; 

• DelUuctioD of all IOlld wute Potpbmytoill bl a lkwlld bamdaua ww 
Incinerator; 

• Matm:la1 Saftty Diii Sllllta tor buanloul or potmde»y bamdaua mated•'• are 
made avaUable to.,...,,_ ot ParbrDavts eompuy. Tbelo documeau paovldo 
lnformadoll OD potmd•I bmlda, pll'IOJll1 pmtecd.ve ..... lafe baDdJbq 
pncticel, and eaaezamcy pl'O{*tunl. Adc'ttkmJJy, PlzD.Dlvla dlltdbutm late 
Band11 .. 011ideJhw for Ill ... ,...._..... .... d11adbel die pl90IUdou 
wblcb must be tlkm wbm hapdffq tblle compouDdl. 
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Puke-Davis bas a compnshenaivo occupational health and safety pro&1'11Jl. This 

includes conducting preplacement physical examinations of employees and periodic 
health sumilllance examtnadons of all employees ln manufacturing areas. 
Additionally, the company operatea a health cUnic to address any employee lllnw 
and/or iltjury occurrlna duriq the wort day. 1be above procedures wlll 10rVe to 

monitor employees for the developmoot of condltiona attributable to expoaure. 

033 

Tbe ltooboltel° facility bu ID establlabed Bmeraeney R.elpome Plu and Spill 
Preveadoo, Conuul &. CouDtermeuun Plan UICI bu CODductod employee tntnina in 
tbolo procedmw CO effectively coatm1 and l'alpODd to mlMW of hazardoua materiala. 
Splll cootrol ltatiou equipped with ablOlbent mator1a1a IDd penonno1 piotoctive 
equipment an located tbmu1bout the facilky. A facWty·wlde Wute Manqanoat 
Plan bu allo beoo prepared and employeca tralaod on tbo1r reepocdve mpomlbllidel. 
Tbe w ... M•n1pmeat Plu lDcludu plOOldunl for buudoua, noabuardoua, 
patholostcaJ., flammable, ud Uquld lndultr1al Mite bandHq. 

11. ALTERNATIVBS TO TBE PROPOSED ACTION 

Biiied on the data summarized In tbla eoviroDm.eDta1 u•ameot, tbe ptOpOIOd acdon 
will bavo no impact Oil the environmcmt. One altemadve ta tbe propoaed action Cdrul 
IPJ>IOVl1) la no acdoD by PDA.. 'lbll wm deprive humuby of potentMJJy benellcial 
therapy, and allo wW bave no lm.,.at OD the eovlronment. 

u. UST or PREP.WDB 01' TBE ENVIRONl\.fl'Nl'AL A8D8SMINT 

Tbe followiaa ii a lilt of penona IDd reepocdve quallftcadou, tb&t participated ID 
prepandon ct tldl BavlroamtDtl1 ~·meat documeot. Sprbqbom Laboratodea, 
Inc, WU vdltzed U tbl COllM•ltant iD tbe compledon uf tlda documelt. 

M. IC. Lemon CBMM Bavhonmeota1 Bqiueor 
BS • lavlroGmeDta1 Sclencee 
Cardfted Bamdoul MatedaJI Maaapl' 
Plofmloaal Bxp~rence - 13 yem 
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A. Som.men Industrial Hygienist 
MS • Occupational Health & Safety 
Profi ' --• ll-..\an- J _OISlOuu -..-- • yearl 

M. Nickolaus Senior Aaoclato Scientist 
- Tecbnlcal Services 

P. Packler 

T. Bauer 

BS - Manqement 
Profoulooal Bxperieoce - 24 yean 

Director, Bavtromneatal Cbemlmy 
PhD • Analytical Chemistry 
Profeuional Bxperience - 16 yem 

Bnviromnental Maaapr, 
B. S. Cbemlml BqiwriDa 
PtofeuioDal Bxperieace .. 15 yem 

CUrricula vitae for tbw lndlvtduall ue aaacbed u Appoadix 29. 
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13. CERTIFICATION 

32 

'Ibo undel'liped oftlc1al certifioa that the infonnalion preaentod la true, accurate, and 
compleco to the best of biJ knowledge for tho pieparation of the environmentll 
useasmeot. 

Date: November 29, 1994 

Slpature: Sean Bnmn•n 

Title: Senior Director, Worldwide Replatory Atfaln 

U:\NDA\Cl .. 12\llO'J321A.IA2 
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33 
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IS. APPBNDICm 

.. ' 

(a) Data Summary Tablea 

1. Structural Formula: 

34 

&> 
•2Na 

Cbamioll Nam11: 5 ,5-DtpbenJl-3-[(pbolplioDooxy)medlyl)·2,4-lmldu:olldlnedlone 
dbodlum l&1t 

CAS bp.try Number 92134-98-0 

Synonym NIIMI: Cenbyx9 
Pospbenytoln IOdlnm (USAN) 

2. Vapor Plwure: 

Ca1111a.amd ......... ....., .... 
v.,. ..... 

i... - 1.J x ur» ..... (4.0 a ii" eon) 

U. ._ 1.S a 1cr' ,..a (l.O x let' torr) 

I.Ml .. I.I x to' ,..a (l.O a 10"7 tan) 

037 
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3. Ultnviolet Spectra 

...... 

••• . ... 
I• 8 

~a .... 
"" •••• 0 
51.e .. .... . 
0 • e•·• .... 

.... 

••• ••• 

35 

.... ... ... . .. 
Have 1 •ntt._h C ""' > ••• . ... 

PIOUIB 1. Ukraviolet Spectsum of Potpben)'tola Ref9ftlllCO Standazd JI In Water 
(0.016.1 mafmL) 

I• 

••• 
••• 

i•·' .., ... 
i··· t•·· 
1··· ••• 
•• 

••• ••• r•• ••• WaY9 •ftl~tt Cn•l 
, .. 

PIOtJRB 2. Uknviolt& lpeocmm ot l'OlplMlaytOIA Referoace Standen! D ID 
Medluol, (0.0165 m,/mL) 
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4. Water Solublllty: 

pH !o!!W!tz S!!l!!H l'lallpH 

O.U M N1CiH10z 4.0 11.S 4.17 
s.o 140.J '·'' 

O.OS M N'2ff'04 a.o 141.7 '·°' 1.0 lM.S 1.IO 
1.0 111.2 I.SO 

O.OS M N'Jl.O, f .O 141.S •••• 10.0 121., 10.U 

PblaytoJa 

iB l!lMliMiiili 
'·' 0.02 

'·' UJ 
s.o 0.01 

••• o.aa 
••• O.QI 
1.0 0.01 
t.O 0.10 

10.0 o ... 
u.o ••• 12.0 II 

Hydn>x,,._,.. (BPPS) 

ur8• : ::: . :: :i'Eo '!!!!Yi§'i9 : 
s.o 0.014 
•• o 0.014 

0.05 M N¥il04 7.0 0.014 

'·' O.Olf 
1.0 o.cm 

O.OSMNaaB.O, t.o 0.104 
10.0 1.lt 



Fe>1pheoyt0ln Sodium 
lajecdo1 "' . 
5. Putldon Coetftcleat: 

o.05 M PIMllfla•~ pH 4.0 
0.05 M PlllD•'*• pll '1.4 
O.OS M ..._pH t.l 

.... 1)pe 

w·+' ••• 
Kn= 

""' de 

37 

iOiC) .... ..,,.. 

x, 
U.I 

a.2 
t.10 

-1.10 
·2.0J 
4.0I 

K. , .. .. 
1• 

• I 
I.II ""' l.B 0.t7i 

0,tn 0.111 

a.u1ta at coaxmtradolll nqln1fmD49.4 to 3.1 aq/L lD O.OIM CaC12 

llll:!n! I, le • i* 
W•*kJ* it.l ,..,. l.U 0.111 
K•w· IU llAO ,, .. °'"' Wl•nds SI.I IJIO , .. ,, O.MI 

1.16 
I.ti 
o.a 

Por phlD)1oiD, ldvuaed ia4••m ttd"I WU Cldy ooaductld It .......... 
raqlq hm 10 to 0.6 .,n., wltb tlll WllOOlllla dt la CaCJs llDOI d11alploa wu 
1111* tbu 15. far die adlll' 2 IOlll. 
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Pospbenytoln Sodium 38 
Injection .... 

Soil,.,,. ~ x.. • Ii 
wu111a.- NA NA NA NA 
Kee·t NA NA NA. NA 

Wl111+ S.4' 107 l.CM O.tN 

Por Hydluxypbmytoln, ldvuoed llC\ftwm t8ldDs wu ooaductld will Xaa•• IDcl 

W11ooaa1D IOl1' at CODOmtllliou """" trom 1.2 to o.oa maJL ID ~ 11w 
dllorpdoa wu pater dllll 75 • for tbl Wuldqtoa IOIL 

loll '!)pl 
w111111.-
s-
Wh111da 

7. Pbotolylla: 

Ut\NDA\Cl.flt\llOhllA.IAI 

!, !,, a 
NA NA NA 
1.u IM 1.30 

'·'' IOI 1.11 

Pbotolyala for l'mplw•)tuln lod'om 

s.o 
7.t> 

1 .. 0 

112 
m .. 

Ii 
NA 
O.tn 
O.tll 
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., 
R 

... ., -

l 
I J · 
l '! l 

~ i 

1 a • " ., 
.. j i 
f l l 

I i " I I 
~ 1 • I It 

iiiliii ! J !I 
I n 1 1u uau 1 i J f ! 

i•a1saa 

! tis tis I 1~~j1tj 

11 t If i~ 1~1 liiJU u II. . ........ -
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j l ~ 

111 ~ 
I I! 
a ; 

! ~ 

... .... . .... 

~ 

I ai• aR~ 1Ea 11!• 

~~ I UiJUi U~Jiii 
11 · ~uli 
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• I t ~ 
t j 
I i 
~ I 

j ! ~ ! ; t 
J I J 

F'?J •11 111 f 

I 
R•1e1a I I ~ i . ~ 

J . ., . J 

I! f ! •J 1~ 
tf t I h! l~i'~' 

VtVIDA~I 
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I ' a a J 
Iii ~ ~ t t ~ - ~ . 
I ~ e 1 i 
I ~ ~ .J 11 

1 1 I •1 f ! ) 

t 
. ~ I 1Ji i . ~ u J I 
"? J 
JI ~fJ1 1i ff i1!1 I l ~1 

~ [" 

I ~.. , 12 I 1 lf 
~ 

tf t If i! Ii~ Iii• ii . . "' .... 
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l ~ 

J 
J i I .. ... . 
I 

... 

j -~ ; I 
:I 

·if! 
I lRl 

I~ I f i flf 
I ... '5 

Jf I~ 480\ 

JI •tj 
!llt I 

.... -8 8 

r. -... -. . - -
f3 ~ 

* I 
jf'~ 

i·f fHh~J! • ., ., •It I 
·1
111 ·1p!aff. 

1f 11 .. 1JI i ~i 
ltii!1H 

Jf It )lnti11 1•• 
.~-1 dia1n1 
.1a ll~lh~I 

11 ~., .... ., ., .., 
~WGR~Q ~»••R RIRQ 

•'t ! 
lj~I I t:i .. jll 

t~" !ll 
1 1~1 1J Iii 1;1 

lf t 1,~~ II~ Ii~ 
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I 
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'9 -.s 

JI JI 
I ll 

111 
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I 
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-I 
r:t 
Ft .. 
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ft 
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~f 
f • 
l!i 
1·J1 ~11 

fl! 

H~•c:1 

.11 Im 

11 
lit l111d 
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I 
j f 

... I 

fill .i ~ ! 
~~ J i j ! 

J ~ J 

. ~ I 1 i- l u ' f 

. IJt1tl1t~ii 1l:J1!!11t11!!llt il 111 
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9. Microbial Growth Inhibition 

57 

1be Microbial Inhibito!Y Concentn.tiom (MC) for FoapheoytOia Sodium 
Set- • FG!Pblaf!!!! MC 9fL) 

>1000 
>1000 
>1000 
;:t-1000 
>1000 

Mplrfllbu "',., > 1000 
~..,,,. > 1000 
ao..rld"'1n ,,-ftM1.v > 1000 
Bat:UIM• a.bdU.J > 1000 
NtMIOC > 1000 

Mptaillbo ,.,.,. > 1000 
~.... >1000 
Cloalritl"'1ft ,,-ftM,.., > 1000 
Badlhu lllbdlU > 1000 
NOllOC > 1000 

10. Tho Acute Toxicity Smdlea with Daphnlo maina 

• 
BCso NOBC 

(...,n..) (ma/L) 

110 ... 
39 23 

21 21 

BC,o: Cooo.endoD u wlaioll 50ti of dlie orpnine ue atrect.d. 
NOBC: TIM• oltw¥td efteat oaaa,....._ fw 41 boan. 

06·1 



ATTACHMINT II 



075 
1' A 'l' B R I A L s· A .tr B T Y D A ~: A· I s B B B '1' 

THIS MATERIAL SAFETr DATA s•rr IS DIRECTED PRINCIPALLY TO PROCESSORS, VOR.KOLATORS, 
AND OSBRS OF nus MATERIAL. THE DISC'RIPTION OF PHYSICAL, CHEMICAL AND TOXICOLOGICAL 
PROPBRTRIBS AS WILL AS 'I1ll ADVICE ON HANDLING IS BASED ON PAST DPISUINCI AND 
CORRSNTLY AVAILABLE INFORMATION. IF YOO KAVE ANY QUESTIONS REGARDING TO HAZAJmS 
ASSOCIATED WI'nl THE OSI or 'nlIS IQ.TBRIAL PLaASI CONTACT nm PIRSON llABD IN SICTION 
I. 

1. KA.TDll.L ?DJDITIPICA'l'IOR 

troduct Waaa: !5,5•D?PHIHYL·l·PHOIPH01'00XIMl11R"L 2,4•DCIJ».ZOLil>DdDt01'1 DISOl>Iml SALT 

POt'llUla: Cl6Hl3M206P Na2 
troce•• I: CI·982 
W.L. ID 11 PD 135711·00153 
llDC %D 11 ND 
UPC la HA 

llaautacturing D1vi1ion1 
•arke·Dari• 
111 Howard Avenue 
Holland, MICIUQNC 49424 
OBA 

C'OELID.t• I AOD.e 

DICIUDDll'l' ma 
!I, I· DlPmtL· l • PHOSPllOMXSllGl'llYL 2, 
4•mmuoLmllUIDIORI DIIODIQll BLT 

om Pm.a ID 
ACGD 'ft.Va llD o--. llllpo8\lft I llD 
••l'll•t01:Y1 lCD 
cuaa1 No 
Syaoaya/C aa1 RD 
Vapozo ha••~ 1 D 
Lowu SZploai ... Liait (L8L)1 D 
C• snt11 RC:mS 

4 

KIDS 11 m> 
Date ot Xaauea 06/10/94 
Supera•d9•1 OJ/18/ll 
ReriaiOD •01 3 

•DBOS '1'0 CC>ftAC'l' a 

Cbri• t! eif~•r 
(61,)392-237!5 

moa anca •01 m> 

cu • 
RD ,, 

,... 1 of 4 

II 



) 

I•auedz 06/10/94 

I a 

I : 
rLUMULI LJX1H m AD 

Lm.1 D 
am. •• 

rlaab toiat: C .. tsbocl) a D 

... 
3 , 'lrYSICAL DATA : 

la•iap£1tata9 •di.at C02 1 Dz')' "beiaal, fa.a, 1f&CN lpsay 

076 

llSDS I ND 

: :~J 

: I 

.,..,.1 rise •i•b•ias boa•.,...•• 11•• ~ftlftd ••11 .. acmtaiaed bnat!Wag apparaeua. 
Uauaua1 fin .. ._.., ID 

Omuual -lo1i• ......... MD 

llCll • •ita:apD Old.S.a 

I 
1Ubi1l'7• ltab1• 
la•ardoU to1,...., .. ~-· llo 

Cb•t cal ll&ampa•f.blJ.Uai•• 1 B 

I 

llA • let AtlPt tubte • • .. Deta ,CUll:t 

1. mcftftft nan :: 

• ' 

J 

I 

.... 2 •f 4 



Ia•ued: 06/10/94 .... 

t 
ftWRUStrrJ:C CI.US~ NA 

llye•s Fluah with w•ter fo¥ 15 aiout••· 

lkiA: Waah with 1oap and wat•r until free of r••idu•. 
llabalation1 Rulove fraa expo•ure. leak Mdical att:encicm. 

ID1••tioa1 Seek medical attent::i.OD. 

I 77 
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llSJ>S # ND 

:: l 

: J 
ludJiag/lt:an .. Jnaau•iwa lton :l.D & oaol, dzy loa&CiOD, ieolated frat mr.idiaial 
apDt:•. If UDuaual ~eun• an ~•ed, ua %DdU•tsial Hygiw nriev ot wark 
practice• and CCID~l• i• ~·~· 
Vesatl1atimu GmMral ventilatimu laaal ellbaut WD~ilaticm. 

[ am I t. DDL a LUK I WVDC RX I mt•zm 

hwdus9• •• 1p111 • LM111 w..r ... 11 .. amatah1ed bnatbing eppuaaw u4 
app~riat• prot:eatiw aloth'!'I· . 
C:Ol1•at and plaae iD a Ni~• acmt•i•r tor l\acun cli1P09&1. 

We•n 1111Da1••••~i~• Di=:g cd iD aacn1r"911oe v.ltb looal., •tate u4 fedianl 
~·. ciou or aut:~:l . ~uri.Uat1ima. %DclmnU.• ila a _peni.t:ted 
iai?-ntor i• tm. pnt di •t:bad. cw .. iacd.Dnacw a1-tm pn•- ot 
cbloriaa, brcmiu, !luoriaa, Mal m, ~ •tal•, •tc.) 

mnzn aaaax:+m121 MD LDIZ'DftGa 

m/D llcu 1CD 

Den lasud C1aaa1 11D 
DO'f IM.DDiM' -· ., DO'l' Labilla/t1aauda1 m 
taaJ&agiag Clsoup1 ID 
llU~I 1'D 
C•MU... lpealllaa•i-.a1 m> 
llalppiaa LUdu•i••• D 
st-. .. Asea ft pennn ~·•• 1'o n•t.riatioaa. 

• , 

,... J of 4 



... 
[ 
Ba•ard c alaatl• Lllba1•• llltezmediat• .. lfo Ta:icic:icy Data 

a.a. la•u4 C1a••l&laa•1mt.Ca)a lfalW 

M ..... -'''*• • • .. Ofta , ..... 

• ' 
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DIVISION OF NEUROPHARMACOLOGICAL DRUCJ PRODUCTS 
Review of Chemistry, ManUfacturtng, 1nd Controta .... 

NOA#: 20-450 CHl!MllTRY R!Vl!W: # 2 

Subml11lon TyH Qocynnt Datt C,Dl!R D•tt Aaalgnld D•a D•tt Rtyltwtd 
ORIGINAL 14-JUL·94 15-JUL·94 o+AUQ.94 
RESUBMISSION 22·FE~95 
AMENDMENT 21·JUL·95 

23-FEB-95 24-FES.85 05-JUN-95 
24-JUL·95 18-AUG-95 

NAME AND ADDRESS OF APPLICANT: PARKE-DAVIS PHARMACEUTICAL RESEARCH 
Division of Werner-Lambert Company 

DRUG PRODUCT NAME: 
Proprietary: 
Nonproprletary/Eatabtlahed/USAN: 
Code Name/#: 
Chem. Type/Therapeutic C .... : 

2800 Plymouth Road 
Ann Arbor, Ml •8105 

CEREBVX-
foaphenytoln aodlum. injection 
Cl-982 
1S 

OCT I 3 l995 

Dl!SI I P1tent Statue: U.S. Patent •.280.789, expiration date April 7, 1998 (drug 1ub1tance) 
U.S. Patent •.928,880, e>eptration date May 15, 200'7, (drug product) 

PHARMACOLOGICAL CAT!OORY /INDICATION: Anti-epfleptic 
DOSACJE FORM: Injection 
STRINGTHI: 75 mg/mL 
ROUTE OF ADMINISTRATION: IV/ IM 
DllPENll!D: XL. Rx _OTC 
SUPPORTING AND RELATID DOCUMINTI: 

CONSUL TS: Environmental AIMlament: FONSI letter luued and signed by Dr. Jeru11I 2&.JUN·95 
Microbiology/ Sterillntion Vallddon, Hnt to Dr. Cooney. HFQ..180 13-APR·95. 

CHEMICAL NAM&, ITRUCTURAL PORMULA a MOLICULAR FORMULA: 

5,5-dlphenyl·3'-[(phoaphonooxy)methyt]-2,4-lmlduolldinedione 
dl1oc:Hum .. It 

C11H13N20 1PNai•7 H20 Mol. Weigrrt: ~.24 (anhydroua) 
532.35 (heptahydrate) 

•2NI+ 
•7HIO 

REMARKIJCOMMENTI: b· 
The 21-JUL-95 amendment WM • re1pon19 to 18-JUN·&e deftd9ncy letter. A ltlblllty upclme for 
the drug product 11 Included. CMC rtview l11ue1 are NIOlved, wtth the 
exception d Microbiology Ind DMF lnapectlona and methodl Vlllclltlon are 1tHI outstanding. 

CONCLUllONI & RICOMlllNDATIONI: 

Al inspectlona, Microbiology review are not yet compl9ted and :nanuflcturlng deflcienct.l In DMF 
have not been corrected the application II Not Approvable for Chemistry at thta time. 

cc: Ottg. NDA 2CMIO 
HFD-120/DMlton Fiii 
HFD-120IMHelmlnnl18-AUCMI 
HFD-120IRNlgtWt:-* 

HFD-1~ 11/tl/'IS 



DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS 
R.f~iew of Chemi1try, Manufacturing, 1nd Controls 

NDA#: 20-410 CHl!MllTRY R!Vl!W: # 3 

8ubJD11tlQn Iyn Docym1nt Datt CDIR Datt 6umntc1 Datl Q1t1 Bottwld 
ORIGINAL 14-JUL ... 1 WUL.·14 04-AUO-l4 • 
RISUIMllllON 22-t'llMI 23-,11-15 Z4-Fl•l9 Oa.JUN·ll 
AM!NOM!NT 21.Jlll·ll 24-JUL·H 18-AUG·ff 
AMEHOMINT No. 1! 27.S&P•H 28-llP.H 02·FES.H 
AMENDMENT No. 17 27.0CT·tl 30-CCT·H 02·FES.18 
AM!NDMl!NT No. '8 27.0CT·H 30-0CT·Ga 02·Fll-te 
AMINDMINT t.fo. 22 04-JAN·M 06-JAN.ll 02.f'll-18 

NAME AND ADDRlll O' APPLICANT: PARKE-DAVIS PHARMACEUTICAL RESEARCH 

Oivl1ion of Wlmer·Lambert Compt1ny 
2800 Plymouth ROid 
Ann Arbor, Ml 48105 

DRUG PRODUCT NAM!: 
Proprl1U.ry: CIRIBVX-
NonproprletarylEaubllahedlUIAN: folph•nytoln aodium, injection 
Code Name/#: Cl·982 
Chem. Type/Th1r1peut10 Cl1aa: 1 S 

Diii / P1tant lutue: U. s. Patent 4,280, 789, exptr1tion d•te April 7. 1 HI (drug 1ub1t1nce) 
U.S. P1tent 4,925,880, expiration date May H5, 2007, (drug product) 

PHARMACOLOGICAL CA TIGORY / INDICATION: Antt-eptlepttc 
DOIAOI PORM: Injection 
ITRINGTHI: 75mglml 
"OUT! 01' ADMINllTRATION: IV/ IM 
DllPINllD: XL. Rx _OTC 
IUPPOltTING AND "ILA ftD DOCUMINTI: 

CONIUL Tl: Environmental Aueument: FONSI letter wu lignld by Dr. -Jeruu~ on 28.JUN-95 
Microbiology I Stlrllizatlon Valldatlon: Reviewed by Or. David Huaeong, HFD405, returned to 

HFD-120 on 29-0l!C-15. Minor d1ftctencte1 will be included In action letter to aponaor. 

CH!MICAL NAME, STRUCTURAL l'ORMULA & MOLICULAR FORMULA: 

!,5-dlphenyt-3-((pholphonooxy)methyl)-2,4·1mldaoHdlnldiOne dllOdlum 111t 
CttH11N20,PNaa•7 HaO Mot Weight: 408.24 (lnhydroua) 

532. 35 (heptahydrate) 

RIMARKllCOMMINTI: 

Several mtnor amendments were 1ubmitted •fter completion of Revtew #2. Change In expiration date from 
18 montM to 24 monthl (01..JAN.ll amendment)wl rwquire ldjuatment of Int poet-approval 1tabiltty protocol. 
Site ln1pecdon1 n complete end a copy of the EER ii attached. DM1 wu revlMd on 18.S!P-95 and 
11 Nti1r.ctory for u• of phenytoln In 1ynthffl1 of folphtnytoln. Method• Valld9tion 11 not complete. 

CONCL.UllONI A RICOMMINDATIONI: 

Recommend AP~ROVAILI for Chtmi1try. Th• firm 1hould increa1e 1tablltty attrtlity t11ting to 1n1ure th• 
product remetn1 ltartle through • 24 month exptratlon dlte [Dreft letter attached) 1nd correct microbiology 
deftcienclel. Letter to 1ponaor 1hould contain 1tand1rd method• v1lld1tion P1ragraph. 

cc: Ong. NOA 20-450 
HFD .. 120/Dtvllion Fill 
HFD·120IMHelmann/02·FEB-91 
HFD-120/RNlghtwandef ~/1 
HFD-120/IBlurtVIDIL N lV I.:? 

r 4/g/q~ 



DIVISION OF NEUROPHARMACOLOGICAL DRUG PROOUCTI 
~lew of Chemi1try, Manur.cturing, 1nd Control• 

NOA#: 20-410 

lubnJlttlpn Ty• 
ORIGINAL 
RESUIMISSION 
AMENDMENT 

CHEMllTRY REVl!W: # 4 

Dooumtnt Q•tl 
14-JUL·SM 
a2·FE8-16 
O&-SEP~95 

CDEftRltl 
15"-JUL·SM 
23-FES.I& 
Q8.SEP·l8 

AMIQntd D•lt 
04-AUG·IM 
24--F!B·IS 

Datt Rtvltwtd 
NIA 
05-JUN-H 
22·FEB-98 

NAMI! AND ADDRESS OF APPLICANT: PARKE-DAVIS PHARMACEUTICAL RESEARCH 
Dtvt11on of W.mer-Lambert Company 

DRUG PRODUCT NAME; 
Proprietary: 
Nonproprletlryll8tlblllhedlUIAN: 
Code N9mal#: 
Chem. Type/Therapeutic Clau: 

2800 Plymouth Road 
Ann Arbor, Ml •8105 

Cl!RIB'VX-
folphenytoln IOdlum. Injection 
Cl·H2 
18 

0111/Pat•nt8tatu1: U. S. Patent 4,280,789, exptr1tton date April 7, 1998(drug1ub1tance) 
U. S. Patent 4,925,880, exptratton date May 11, 2007, (drug p~uct) 

PHARMACOLOGICAL CA TIOORY I INDICAT10N: Anti-epHeptlc 
DOIAGI l'Olltll: Injection 
ITlllNGTH8: 75 mglmL 
ROUT! OP ADMINllTM TION: lV / IM 
DllPINllD: U.... AM _OTC 

IUl'PORTINQ AND lltlLA TID DOCUMBNTI: 

CONIUL Tl: Environmental AIHument: FONSI letter Wll 1ign9d by Dr Jeruul on 28-JUN-95 
Microbiology I SttrtHution VaHdation: Reviewed by Or. Davki Husaong, HFD-805, ratumed to 
HFD·120.on 29-DEC·ff. Minor deftctenctn wtll be Included In 1ct1on letter to aponaor. 

CH!MICAL NAMI, ITRUCTUML POIWULA I MOLICULA9' 'OlltMULA: 

5, 5o.dlphenyl·3-((pholphonoO>ey)mttt\yl}-2,._.mtd11otkilnedlon1 dt1odtum Mtt 
C .. H,1N20aPNa,•7 H10 Mot W.ight: 408.24 (1nhydrou1) 

532.39 (heptahydrate) 

RIMARKl/COMMINTI: 

Tne 05-SEP·H tmendment oontatned lddtttonat ccpt.a of th• 1pon1ora M1thod1 VallCSation package •nd 
Mmpte ldenttbtion (lot #'1 etc). Method• v1ttd1tton w11 performed by th• llDA laboratory In St. Louie •nd 
by the Detrott Diltrlct llboratory. Both anaty1t1 were able to reproduce the methodl and found them generally 
aatlafactorv with '°"" oommenta , ... rwiew noiaa). 

CONCLUllONI & RICOMMll !DA TIONI: 

Method• Vllidetion la complet9d and method• vattct.tion paragraph In llCtion letter ii not r.ecuury. The NDA 
remam1 APPROVABLE for Chemiltry with mtnor deftciency noted in Rr!lew No. 3 (02-F!l·M). 

cc: Orig. NOA aMIO 
HFD-120IDtvtllon Fiie 
H,D-120/M~ll-M 
HFO.U~tAlf' 

Hf'D·120ll~~ .. 
· .. ~ -. 



DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS 
R•Wtf# of Chemistry, M1nufllctur1ng, and Control• 

NDA#1 20-410 

lubmlllloo Ty• 

CH!MISTRV REVl!W: #5 

Dacum•nt D1t1 

N9W Correspondence 13-MAA·98 
Amendment 12·APR·98 

CQERQUI 

1~R-98 
18-APA·M 

Autantd D•tl Datt Bhltwtcl 
10..MAY·9e 
10-MAY-Ge 

NAME AND ADDRESS OF APPLICANT: PARKE-OAVIS PHARMACEUTICAL RESEARCH 
Division of W.mer-Lambert Company 
2800 Plymouth Road, Ann Arbor, Ml .C8105 

DRUG PRODUCT NAME: 
Proptt1tary: C!Rl!BVX9 
Nonproprletary/&tabHahedlUIAN: fOaphenytotn IOdlum, Injection 
Code Namell: Cl-982 
Chem. Type/Th1rapeutlo Cl111: 1S 

Diii /Patent ltatua: U.S. P1tent 4,280,789, exptration date April 7, 1908{drug1ub1tance) 
u. s. P1t1nt .,.,825,880, t>eptratiOn date May 1e. 2007, (drug product) 

PHARMACOLOGICAL CATIGORV / INDICATION: Anti-epileptic 
DOIAOI PORM: lnjectton JU: : I 0 /.nf"ls 
ITRINGTHI: 75 mg/ml •}u 
lllOUTI Of ADMINllTRATtON: IV/ IM 
DllPeNllO: XK- A>e _OTC 

IUPPORTINQ AND RILA TID DOCUMINTI: OMF 

CONSUL Tl: Envtronmental Au111ment: FONSI letter wu signed by Dr. Jeruul on 28-JUN·95 
Microbtotogy / Stertltzatton V1Ud1t1on: Reviewed by Dr. David Huaaong, HFo.805, returned to HFD-120 on 
29-DEC-95 wtth dtftcltncte1. 
M~y portion of 1~MAR·98 rwponM revtewed by Dr. Hu110ng, retumed to HF0·120 on 19-APR-9& 
with approval recommendation. 

CHIMICAL NAMI, ITRUCTUML f'ORMULA & MOLICULAR FORMULA: 

5,5-diphenyl-3-{(pholphonooxy)methylJ.2,~oHdtnedione dilodlum 1att 
C11H1,N,O,PNea•7 H,O Mol. Weight: 408.24 (1nhydrou1) 

532.35 (htptahydl'ltt) 

RIMARKllCOMMINT8: 

Two 1ubmtuion1 dlttd 13-MAR·N were 1 partial to the 23-FEB-81 1pprov1ble tettlr. The CMC and 
mtcrobk>togy '91poftW4 (wtth '°"" typogl'9f)htcal CCln9CtiOna to the micrObk)logy Melon) are repeated in the 
12·APR·98 amendment All CMC illUM have been rnotvect. Draft tabeltng expreeamg fOlph9nytotn content 
of the drug product • 'phenytoin equivalents' Wll aubmttted In reaponM to tht Agency'• requ11t treflr to 
review note1} 

CONCLUllONI • R!COMMENDATIONI: 

Chemiltry infotmdon II COn'ICt wtth minor reviliOnl tuggetted _ 
concurrence wttn Labttlng i1 neceaury. 

Medleal R1v)ewer'1 

• 



DMSION OF NEUROPHARllACOLOGICAL DRUG PRODUCTS 
Review of Chemtltry, Manufacturing, and Controls 

NDA#: 20-410 
... 

CHEMISTRY REVIEW: #I 

•ubn1ta1Qn Ty• 

Amendment 
Amendment 

Dqeumtnt Dag 

14-MAR-88 
12..JUL·88 

CDERDatt 

1S.MAR·96 
15-JUL·&e 

A11lgntd Datt 

18-JUL-18 

D1t1 B•vltwtd 
18-JUL-Qe 
18-JUL-96 

NAME AND ADDR&88 OF APPLICANT: P1~KE-DAVIS PHARMACEUTICAL RESEARCH 
DtvtH>n of Warner-Lambert Company 

DRUG PRODUCT NAME: 
Proprietary: 
Nonproprtetary/latabllahed/UIAN: 
Code Name/#: 
Chem. Type/1'henpeutlc CIUI: 

2800 Plymouth Road, Ann Arbor, Ml 48105 

C!REBVX-
foaphenytoin aodlum, Injection 
Cl-982 
18 

Dl!ll /Patent ltatua: U.S. P•tent 4,280,789, expiration date April 7, 1898 (drug aubltance) 
u. S. Patent4,925,aeo, expiration date May 15, 2007, (drug product) 

PHARMACOLOGICAL CA TIOORY / INDICATION: Anti-epileptic 
DOIAOI l'ORM: lnjectio,, 
ITRINOTHI: 75 mg/ml 
ROUT& OF ADMINISTRATION: IV/ IM 
DllPl!NllD: XX- Rx _OTC 

SUPPORTING AND RILATID DOCUMINTI: DMF 

CONIUL Tl: Environmental Allelament FONSI letter wa1 llgned by Dr. JeruPI on 26-JUN-95 
Mtcrobtology I Sterilization Valkfatlon: Reviewed by Dr. David Huuong, HFD-805, returned to HFD-120 on 
29-DEC-95 wtth deficienclea. 
MierObtology portion of 14-MAR-98 MponM revtewed by Dr. Huuong, returned to HFD-120 on 19-APR-98 
with approval recommendation. 

CHEMICAL NAME, ITRUCTURAL PORMULA & MOLECULAR FORMULA: 

5,5-diphenyf..3-((pholphonooxy)methyl)-2,4-imidazolidlnedlone dltodlum Hit 
C,,H,3N20 1PN1i•7 H20 Mot. Weight 408.24 (anhydrou1) 

532.36 (heptlhydrate) 

REMARKl/COMMINTI: 

The 12·JUL-9e 1ubmluton contain• ftnll prtntecl labeling for the package lneert. vials and cartons. At the 
r1qunt of the cUnal N¥ft dMlion, the labeling waa reviled to lhaw both the eotu9I weight of folphenytoln 
contained and the equiv9llnt weight of phenytotn IOdtum. The tabeffng II acceptable to cheml•try and there 
are '\O CMC luuea outatandlng. 

CONCLUllONI & RICOllMINDATIONI: 

Recommend Approval for Chemiltry. 

cc: Orig. NDA 20-480 
HFD-120/Dlvlaion File 
HF0·120JMHtlmannl18-JUL·88 
HFD-120IRNlghlWMder J1A!{2 ,j,...,1/0 / 
HFD-12~ )· f Yf"J "1/ rlf 111 

ti/,,. I~:.....-
Martha R. I .o .. R!Mlw Chemi1t 
Filename: N2<M50.008 



DEPARTMENT OF HEALTH &. HUMAN SERVICES 

NOA 20-450 

Parke-Davis Pharmaceutical Research 
Division of the Warner-Lambert Company 
Attention: Irwin G. Martin, Ph.D 
2800 Plymouth Road, P. 0. Box 104 7 
Ann Arbor, Ml 48106-1047 

Dear Dr. Martin: 

Public Health Service 

Food and Drug Administration 
Rockville MD 20857 

SEP I 2 1994 

Reference is made to your new drug application submitted under section 505(b) of the 
Federal Food, Drug, and Cosmetic Act for Fosphenytoin Sodium Injection (Cerebyx®). 

On the basis of our initial review of your New Drug Application referred to above, 
received on July 15, 1994 and acknowledged on July 28, 1994, we have determined that 
the application is not acceptable for fifing under 21 CFR 314. 101 (d)(3). 

The application is incomplete because it does not on its face contain information required 
under section 505(b) and 21 CFR 314.50(d)(5). 

Clinical Safety pata: 

1. Inadequate studies to show that the product will be safe for use under the 
conditions of use recommended in the proposed labeling. 

The application contains reports of only 4 patients with status epilepticus who 
have been treated with fospt1enytoin at rates of infusion at or above 225 mg/min. 
Experience in normals at this dose and rate combination is also limited: although 
the application does not supply a precise number, preliminary review estimates 
that no more than 20 normals may have been so exposed. 

Accordingly. the information submitted is inadequate to permit a substantive 
assessment of whether or not fosphenytoin will be safe for use when administered 
under the conditions of use recommended in the Dosage and Administration 
Section of the proposed labeling which recommends, for the treatment of Status 
Epilepticus, that an intravenous dose of 22.5 to 30 mg/kg given "At least 1 SO 
mg/min up to 225 mg/min" be administered as a single dose. Additionally, the 
section recommends, for the treatment or prophylaxis of seizures, that an IM 



NOA 20-450 2 

or IV administration of 15 to 30 mg/kg fosphenytoin be given "up to 225 mg/min" 
as a single dose. 

2. Lack of tests and/or reports on tests to show that the drug will be safe for use; a 
lack of information on the plasma concentrations of formaldehyde: 

The application does not provide reports on the concentration of formaldehyde 
formed in plasma during the administration of your product when used as 
recommended in product labeling. Formaldehyde is a toxin and is formed during 
the conversion of fosphenytoin to phenytoin. 

Your firm has been advised repeatedly for the need to provide this information, 
and has, nevertheless, failed to do so. 

We note that your NOA SUMMARY;NDA Overview subsection (Item 2.2, page 
106) discusses this and states that a complete discussion of this issue could be 
found under NOA Item 5, section 5.5.4.6, Ta~i 55. Our preliminary review of the 
cited reference to clinical data (RR 744-00024, Study 9653-86-01) reveals, 
however, that NO data regarding formate levels in human trials is included in the 
cited study report. 

Environmental Assessment 

Although not reasons for this Refuse to File Action, our environmental assessment staff 
has completed a preliminary review of your EA and has asked that the following 
comments be forwarded. 

1. General issues: 

a. The drug substance and drug product are incorrectly identified throughout 
the environmental assessment (e.g., the drug substance is identified as 
Fosphenytoin instead of the sodium salt). Please correct the 
environmental assessment (pages 3-28) to reflect the correct terminology. 

b. The information in the Environmental Assessment is releasable under the 
Freedom of Information Act. Any proprietary information should be 
provided in Appendices and be clearly marked as confidential. Some of 
the information included in your environmental assessment may be 
confidential (e.g., the list of raw materials used in the synthesis of 
Fosphenytoin Sodium or the fifth year production estimates). If you wish 
you may move this information to an appendix and provide only summary 
information in the actual environmental assessment. 



NDA2~450 3 

c. A flow diagram for the synthesis of the drug substance and the 
manufacturing process for the drug product was provided by FAX on 
August 22, 1994. Please provide an official copy to the file. 

2. Please describe the locations where the drug product is expected to be used 
(Section IV). 

3. What is the disposition of returned or expired drug product and rejected drug 
substance (Section IV)? 

4. The Identification of Chemical Substance (Section V) should be revised to include: 

a. The correct Chemical Name; i.e., the sodium salt; 

b. An appropriate synonym (i.e., sodium salt) with a reference (IUPAC, USAN, 
etc.,); 

c. A structural formula; 

d. A list of the additives used or lack thereof; and 

e. A list of the impurities or lack thereof. 

5. A Material Safety Data Sheet for Fosphenytoln Sodium should be provided 
(Section V). 

6. Incomplete information (except for HEPA/air handling at Rochester) is provided 
regarding the introduction of substances in the environment, specifically the 
controls, effect of compliance with current emissions requirements, and estimate 
of the quantities and concentrations of substances expected to enter the 
environment (Section VI). 

a. For air, liquid and solids emissions originating at both the Holland and 
Rochester facilities the following should be provided: 

i. Emission permit numbers, authorizing Agencies and permit 
expiration dates; 

ii. Applicable emission requirements (both qualitative and quantitative); 

111. An estimate, through use of calculations or direct measure, of the 
possible quantities and concentrations of substances expected to 
enter the environment (fifth year production estimates): and 



NOA 20-450 

iv. Effect of the quantities/concentrations (from 6.a.iii.) on meeting both 
the qualitative and quantitative emission requirements. 

4 

Inclusion of actual permits is not required. For ease of review it is 
preferred that this information be presented in a tablt:! format. 

Any of the requested information that is not applicable to a specific 
permit/emission (e.g., permit expiration date, quantitative emission 
requirement) should be clearly indicated/explained. 

If Warner Lambert does not have direct control (permits) over the waste 
disposal (e.g., solid waste), the contractors and/or facilities involved 
should be identified. 

b. There are three air permits pending approval at the Holland facility for this 
product. Please update the status of these permits and indicate when 
approval is expected. 

c. A discussion of the disposal of solid waste generated by the production of 
the material at the Holland facility should be included. 

d. On pages 10 and 11 the expected environmental concentrations should be 
identified as "maximum" not "minimum". 

7. Citation of and a statement of compliance with any appropriate Federal, State and 
Local occupational exposure requirements should be provided (Section VI). 

8. The following are in regards to the fate of the emitted substances in the 
environment (Section VII) 

a. The estimated percent excreted as phenytoin and hydroxyphenytoin should 
be provided if available. 

b. No information was provided regarding hydrolytic stability or dissociation 
constants for the compounds of interest. 

c. For the water solubility determination, a complete test report which includes 
information such as the methodology used, study site, temperature at 
which the solubility was determined and the HPLC method should be 
provided. If the HPLC method is the one included in the NOA it need only 
be referenc'!d by number. 



NOA 20-450 5 

d. For the partition coefficient determination a complete test report which 
includes information such as the test methodology, the study site, 
concentrations at which the study was oerformed (Note: FDA methodology 
requires that 2 different concentrations be used) and the HPLC method 
should be provided. If the HPLC method is the one included in the NOA 
it need only be referenced by number. 

e. The conclusion regarding the aquatic photolytic degradation of 
Fosphenytoin Sodium (page 17, last sentence in second paragraph) should 
be revised to indicate that photolysis is not a primary removal mechanism 
of F osphenytoin from the environment. 

f. You have indicated that aerobic aquatic biodegradation of 
Hydroxyphenytoin is rapid and that it has been proven/demonstrated to 
completely degrade to C02 (pages 17 and 21) The data provided does not 
support these conclusions. The appropriate statements should be revised 
to state that the data indicates that this biodegradation will occur, but that 
it is not rapid. 

9. Please revise Section XI to state that based on the data you believe that there will 
be no impact on the environment (or similar wording). 

10. You state that no consultants were used (Section Xtl), but have used the services 
of at least . _ Please revise as 
needed. The Curricula vitae cited were not included in Appendix 26. 

Within 30 days of the date of this letter, you may request in writing an informal 
conference about FDA's refusal to file the application. To file this application over FDA's 
protest, you must avail yourself of this informal conference. 

Should questions arise regarding this application, please contact Mr. Robbin 
Nighswander, Project Manager, at (301) 594-2777. 

Sin.ceret~~/ 
, ' -

( __.,/ 
~ Paul Leber. M.D. 

Director 
Division of Neuropharmacological 

Drug Products 
Office of Drug Evaluation I 
Center for Drug Evaluation and Research 
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DEC 2 z f095 
REVIEW FOR HFD-120 

OFFICE OF NEW DRUG CHEMISTRY .. ~., . 
MICROBIOLOGY STAFF 

MICROBIOLOGIST'S REVIEW #1 OF NDA 

A. 1. NDA 

SPONSOR 

19 Decembei 1995 

20-450 

Parke-Davis Pharmaceutical Research 
Division of w·amer Lambert 
2800 Plymouth Road 
P.O. Box 1047 
Ann Arbor. MI 48106-1047 

2. PRODUCT NAMES: Cerebyx• (fosphenytoin sodium) 

'-'l:Tlll:JAI 
UCij ~ > t;r~ 

3. DOSAQE fQRM AND BOUIE OE ADMJNISTRAIIQN: A sterile solution 
containing 7S mglmL of 10 mL (in 10 mL vials) and 2 mL (in 3 mL vials), for 
injection 

4. MEnlODCSl OF STER.IYZATION: Aseptic fllliq of filtered solution 

S. PHARMACOLQGis.;AL CATEGQR}:: Neurophannaceutical for treatment of 
epilepsy 

6. QRUG pR.IORITY CLASSIFICATION: lS 

B. 1. DATE OF INITIAL SUBMISSION: 22 February 199S (Subject of this review) 

2. DATE OF AMENDMB?fi: 27 October 1995 (Also the subject of this review) 

3. REIATED DQCUMEND: DMF 
DMF 

4. ASSKiNJll) FOR BB\TIEW: 2 May 199~ (original) and 15 November 1995 
(amendment) 

C. REMARKS: The applicant providoa a rather comprehensive sterility usurance 
document in the oriainal submission. Originally, fill lines 1, 4 were described for 
this product•s manufacture. The amendment (27 October . . · infonnation. 
deleting fill line 9, and correctina minor details. ~!' · ~'>ti ..f' Ht.I)' : t ,., ~~ · .. 

·-~~-....... •. 
Qt.:.t.'. 

--



NDA 20-4SO Microbiologist's Review #1 

D. CONCLUSIONS: Th~plication is not recommended for approval for reasons of 
sterility assurance. Specific comments are provided in section 

cc: 

in the "Microbiolog st's Draft of Letter to the Applicant". Stability information wu not 
pan of the consultative review package but wu shown in the NDA index, so the review 
chemist should assure conformance of the testing schedule with Center policy. 
Labelling was not provided, and this product is oot suitable for multiple dose use. 

HFD-850/Consult File 
HFD-120/CSO 
HFD-120/M. Heimann 
HFD-805/Consult File 
HFD-805/D. Hussong 

Drafted by: D. Hussong, 12/19/95 
RID initialed by: P. Cooney, 12/ 195 

Fllename, c: \d\nda \20-450. rv 1 

Pagel 



REVIEW FOR HFD-120 
MAY I 5 l9Q; 

OFFICE OF NEW DRUG CHEMISTRY 
.. · MICROBIOLOGY STAFF 

MICROBIOLOGIST'S REVIEW #3 OF NDA 

-
A. 1. Im.A 

SPONSOR 

20-450 

9 May 1996 
OCTllQ~I ~ 

MAY I " 1Y96 

Parke-Davis Pharmaceutical Research 
Division of Warner Lamben 
2800 Plymouth Road 
P.O. Box 1047 
Ann Arbor I Ml 48106• 1047 

2. PRODUCT NAMES: Cerebyx• (fospbenytoin sodium) 

3. DOSAQE FQRM AND ROUTE OF AQMINJSIRATION: A sterile solution 
containins 7S m1/mL of 10 mL (in 10 mL vials) and 2 mL (in 3 mL vials). for 
injection 

4. MEmODCSl OE STERllJZATIQN: Aseptic ftlliq of filtered solution 

.5. PHARMACOLOGICAL CATEGORY: Neuropbarmaceutical for treatment of 
epilepsy 

6. DRUG PBIORITY CLASSIFICATION: lS 

8. 1. DATE OF 1N1DAL SUBMISSION: 22 February 1995 (subject of Microbiologilt•s 
Review #1, 19 December 199S) 

2. DAIB OF AMfiNDMENTS: 27 October 1995 (also the subject of 
Microbioloaist's Review #1, 19 December 1995); 14 March 1996 (subject of 
Microbiologist's Review #2, 9 April 1996); and 12 April 1996 (subject of this 
review) 

3. RBLAIBQ DQCUMENIS: DMF 
DMF 

4. ASSIGNED FOR REVIEW: 22 April 1996 

C. REMARKS: The applicant provided a rather comprehensive sterility wwm 
document in the original submission, and addreaed 5 deficiency items in the 14 March 
1996 amendment. These were acceptable in Microbioloailt'a Review 112, but some .. 
typographical errors were detected. The applicant chose to correct tbae erron by 
resubmiulna the information from the 14 March 1996 amendment. The typoarapbical 



NDA 20-450 Microbiologist's Review 113 

errors were annotated lllCi corrected in this submission. No deficiencies were offered in 
Microbiologist's Review 12, and no further review is provided here. 

D. CONCLUSIONS: The application is recommended for approval for reasons of sterility 
assurance. 

cc: 
HFD-850/Consult File 
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DIPAllT.llliNT OF HIW.TII & HlJMAN SDVICES 

NOA 2().450 

Parite-Davis Pharmaceutical Research 
Division of Wamer-Lambert Company 
Attention: Ms. Janeth L. T;,,rner 
2800 Plymouth Road. P.O. Box 1047 
Ann Arbor, Ml 48106-1047 

Dear Ms. Turner: 

Food and Dfug Ad11tiniw8tian 
Roc:lrvllfa MO .2Clli7 

Al.JG .• 5. 

Please refer to your July 14, 1994 new druy application and your resubmission dated 
February 22. 1995 submitted under section !505(b) of the Federal Food, Drug, and 
Cosmetic Act for Cerebyx9 (fosphenytoin sodium) Injection 75 mg/ml (50 mg/ml PE). 

We also acknowledge receipt of your additional correspondence and amendments dated: 

Fobruary 27, 1996 
March 13, 1996 
March 14. 1996 

April 12, 1996 
May 1, 1996 
May 2. 1996 (2) 

This ne1Y drug application provides for the following: 

May 8, 1996 
July 12, 1996 
July 30, 1996 

Cerebyx9 is indicated for short-term parenteral administration when other 
means of phenytoin administration are unavailable, inappropriate or deemed 
less advantageous. The safety antt effectiveneas of Cerebyx9 in this use has 
not been systematically evaluated for more than 5 days. 

Cerebyx9 can be used for the control of generalized convulsive status 
epilepticus and prevention and prevention and treatment of seizures 
occurring during neurosurgery. It can also be substituted. short-term, for oral 
phenytoln. 

We have c.>mpleted the review of thi& applicatiori including the submitted draft labeling and 
have concluded that adequate information has been presented to demonstrate that the 
drug product is safe and effective for use as recommended in the draft labeling in the 
submission dated July 12. 1996 with the revisions listed below. Accordingly, the 
application is approved effective on the date of this letter. The revisions are as follows: 

1. Please correct the legend to Figure 1 to read " ... 1200 mg PE Cerebyx infused .. ." 
rather than" ... 1200 mg Cerebyx infused ... ." 

2. WARNINGS: Usage in Pregnancy: Clinical: section 
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B. Risks to the Fetus. 

Paragraph 1, last sentence: please change "contribution" to ·contributions". 

3. WARNINGS: Usage in Pregnancy: preclinical: section 

The wording of dose comparisons and plasma level data should be made consistent 
as follows: 

Para 1, sentence 2: ... (approximately 30% of the maximum human loading dose 
or higher on a mglm' basis), which produced peak maternal 
plasma phenytoin concentrations of approximately 20 µ.glml 
or greater. 

Para 1. sentence 4: ... (approximately 10% of the maximum human loading dose 
on a mglm2 basis) .... 

Para 2. sentence 1: ... (approximately 50% ... . 

Para 2. sentence 2: ... (approximately 120% ... . 

4. PRECAUTIONS: Carcinogenesis, Mutagenesis, Impairment of Fertility; section 

Para 3, last sentence: ... at doses of 50 mg PE/kg or higher (approximately 
40 % of the maximum human loading dose or higher on 
a mg/m2 basis). 

These revisions are terms of the NOA approval. Marketing the product before making the 
revisions, exactly as requested, in the product's final printed labeling (FPL;. may render the 
product misbranded and an unapproved new drug. 

Please submit sixteen copies of the FPL as soon as it is available, in no case more than 
30 days after it is printed. Please individually mount ten of the copies on heavy weight 
paper or similar material. For administrative purposes this submission should be 
designated "FINAL PRINTED LABELING" for approved NOA 20-450. Approval of this 
submission by FDA is not required before the labeling is usf'd. 

Should additional information relating to the safety and effectiveness of the drug become 
available, revision of that labeling may be required. 

Phase IV Commitment 

!;'03 
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We remind you of your Phase 4 commitment specified in your submiaaion dated April 12. 
1996 and amended on July 12, & 30, 1996. This commitment is listed below. Proto<:ols, 
data. and final reports should be submitted to your IND for this product and a copy of the 
cover letter sent to this NOA. For administrative purpoaes, all submissions, including 
labeling supplftments, relating to this Phase 4 commitment must be clearly designated 
"Ph~• 4 Commitment." Yollt:ommitment is as follows: 

In addition, please submit three copies of the introductory promotional material that you 
propose to use for this product. All proposed materials should be submitted in draft or 
mock-up form, not final print. Please submit one copy to the Division of 
Neuropharmacological Drug Produc1s and two copies of both the promotional material and 
the package insert directly to: 

Food and Drug Administration 
Division of Drug Marketing, Advertising and Communications, 
HF0-40 
5600 Fishers Lane 
Rockville, Maryland 20857 

We remind you that you must comµly with the requirements for an apprt1ved NOA set forth 
u'.lder 21 Cl=R 314.80 and 314.81. 

If you have any questions. please contact: Robbin Nignswander, R.Ph. 
Regulatory Management Officer 
(301) 594-2777 

Sincerely yours, 

~~ 
Director 
Offiet: of Drug Evaluation I 
Center for Drug Evaluation and Research 



FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA. 

DRAFT LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSURE 

ONLY CORRECT AND CURRENT INFORMATION IS DISSEMINATED TO THE 

PUBLIC. 
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Food llld Drug Adminillnltion 
Rockville MD 20867 NDA20-450 

Parke-Davis Pharmaceutical Research 
Division of Warner-Lambert Company 
Attention: Ms. Janeth L. Turner 
280b Plymouth Road, P.O. Box 1047 
Ann Arbor, Ml 48106-1047 

Dear Ms. Turner: 

FEB 23 l9Q; 

Please refer to your July 14, 1994 new drug application (and your resubmission dated 
February 22, 1995) submitted under section 505(b) of the Federal Food; Drug, and 
Cosmetic Act for Cerebyxll (fosphenytoin sodium) Injection 75 mg/ml. 

We acknowledge the following additional correspondence and emendments: 

September 2, 1994 
September 14, 1994 
October 6, 1994 
December16, 1994 
March 29, 1995 
June 8, 1995 
June 22, 1995 

July 21, 1995 
September 5, 1995 
Septemb'3r 14, 1995 
September 27, 1995 
October 19, 1995 
October 27, 1995 
(2 submissions) 

October 31, 1995 
November 3, 1995 
November 20, 1995 
January 4, 1996 
January 8, 1996 
February 9, 1996 

We have completed the review of this application as submitted with draft labeling, and it 
is approvable. Before the application may be approved, however, it will t-e necessary for 
you to adopt as labeling for Cerebyx11

, the draft package insert attached to this letter, 
modified as requested (i.e., as per this letter and the notes embedded within the text of 
the attached package insert). 
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Phase IV Commltmel"t 

We also ask that you submit the following information: 

1. Labeling: 

Package Insert: Should additional information relating to the safety and 
effectiveness of Cerebyx" become available prior to our receipt of the final printed 
labeling, revision of that labeling may be required. 

Product and Container Labeling: Please revise all product and container labeling 
to appropriately convey that dosage conversion calculations do not need to be 
performed when converting patients between fosphenytoin and phenytoin (i.e., all 
labeling should clearly convey that 50 mg/ml of phenytoin is being delivered and 
that NO dosage conversion factor need be applied). 

2. Mjcrobjology; 

The following microbiological issues concerning sterility assurance and other issues 
have net been compl&tely addressed: 

a. Bulk solution bioburden limits (prior to filtration) should be specified and •he 
methods to test this, including sample points, should oe described. 
Historical data may be provide-..1 in support of the established limit. We 
prefer the sample collection point be identified in the manufacturing 
instructions. 

b. The frequency of requalifying sterilizers (autoclaves and tunnels) was 
specified as every 2 years. We generally recommend more frequent 
evaluation of the instrument and process. 
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c. The operating parameters for sterilization of filters and filling equipment were 
not provided and their validation was not discussed. 

d. Validation of the integrity of the container and closure systems' barrier to 
microbial ingress was not discussed. Please provide a summary of the 
methods and results demonstrating the integrity of this system. 

e. Your amendment dated October 27, 1995 describes specifications for media 
fills (Tab 5, Appendix 1, page 19). The stated Alert Limit permits no 
investigation of any kind when as many as 2 containers are contaminated in 
a batch of 5000. We encourage some investigation of any evidence of 
contamination in product (simulated or otherwise) manufactured by a 
process for sterile product. 

3. Manufacturing and Controls: 

Safety Update 

Submit a safety update report as provided for under 21 CFR 314.50(d)(5)(vi)(b). This may 
be limited to deaths, serious adverse events, other adverse events that led to 
discontinuation of the drug, and any information suggesting a substantial difference in the 
rate of occurrence of common but less serious adverse events. The update should cover 
all studies and uses of the drug including: (1) those involving indications not being sought 
in the pres'.mt submission, (2) other dosage forms, and (3) other dose levels. Please also 
include any serious adverse events reported since your last safety update in the final draft 
version of product labeling you submit in resronse to this approvable action. 

In addition, please submit three copies of the introductory promotional material that you 
propose to use for this product. All proposed materials should be submitted in draft or 
mock-up form, not final print. Please submit one copy to this Division and two copies of 
both the promotional material and the package insert directly to: 
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Food and Drug Administration 
Division of Drug Marketing, Advertising and Communications, 
HFD-40 
5600 Fishers Lane 
Rockville, Maryland 20857 

Within 10 days after the date of this letter, you are required to amend the application, 
notify us of your intent to file an amendment, or follow one of your other options under 21 
CFR 314.110. In the absence of sueh action FDA may take action to withdraw the 
application. 

The drug may not be legally marketed until you have been notified in writing that the 
application is approved. 

Should you have any questions, please contact: 

attachment ( 1 ) 

Robbin Nigt>swander, R.Ph., M.S. 
Regulatory Management Officer 
Telephone: (301) 594-2650 

Sincerely yours, 

Robert Temple,~ 
Director 
Office of Drug Evaluation I 
Center for Drug Evaluation and Research 



Memorandum Department of Health end t:umen Services ... 
Public Health Service 

Food and Drug Administration 
Center for Drug Evaluation end Research 

DATE: February II, 111116 

FROM: Paul Leber, M.D. 
Director, 
Dlvlalon of NeuropharmacoloAlcal Drug Product• 
HFD·120 

SUBJECT: Cerebyx® [foaphaytoln Injection] NOA 20·460 Approvable Action 

TO: Robert Temple, MD, Director, ODE 1 
Ii 
Fiie NOA 20·460 

This memorandum provides a discussion of several factors affecting the 
regulatory action that might be taken in regard to Parke-Davis' pending 
NOA 20-450 for Cerebyx® [fosphenytoin]. 

Several options, ranging from approval to disapproval are defensible. As a 
matter of tactics, however, the action letter being forwarded declares the 
NOA approvable, albeit under a number of conditions that are enumerated 
both within the text of the letter and within a version of product labeling 
developed by the division (i.e., in 'notes to the firm' embedded within the 
text) that would be attached to the letter, if issued. If the Office were to 
choose an alternative action, the draft approvable letter may be modified 
accordingly. 

Introductory Comments and notes about the administrative 
strategy app!led In the eyaluatlon of this NOA 

The structure of the arguments supporting approval 

Although Cerebyx® [fosphenytoin] is a new chemical entity, an approval of 
the NDA for Cerebyx® is only possible, given the type of the information 
provided in the NOA, because Dilantin®, Parke Davis' innovator brand of 
phenytoin, is an approved anti-epileptic drug product [AED]. 
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The conclusion that Cerebyx® is effective in use, In particular, t1.1ms not 
on reports of adequate and well controlled clinical investigations, but 
upon 1) the knowledge that phenytoin is an effective AED, 2) that 
fosphenytoin is completely converted within minutes of injection to 
phenytoin and 3) evidence adduced by the sponsor in biopharmacokinetlc 
and clinical trials showing that when Cerebyx® is administered under the 
directions provided in the proposed Cerebyx® product labeling, the 
resulting plasma levels of phenytoin approximate those that are obtained 
when Dilantin injection is administered under its recommended conditions 
of use for the same claimed use. 

Although the agency's earlier determination that the benefits of Dilantin® 
injection outweigh the risks of its use is a necessary element In the chain 
of argument and evidence that can be used to support a conclusion that 
Cerebyx® will be safe for use under its proposed labeling, the 
determination involving Dilantin® is, in and of itself, insufficient to 
support the conclusion about Cerebyx·~·s safety. Not only is fosphenytoin 
a different molecular species than phenytoin (and, therefore, may pose an 
entirely distinct panoply of risks unrelated to its conversion to 
phenytoin), but fosphenytoin injection yields two/three molecular 
species, phosphate and formaldehyde/formate that are not produced when 
Dilantin is administered. How these differences affect the regulatory 
decision, and how well I believe they have been addressed by the firm, are 
discussed in a later section of this memorandum. 

An administrative Issue affecting labeling of both Cerebyx~ and 
Pllantln~ 

Cerebyx® labeling can be viewed as addressing both fosohenytoin specific 
(e.g., fosphenytoin, formate, phosphate) and phenytoin related issues. The 
latter, to the extent that they represent information not currently 
included in Dilantin® labeling pose a problem in that, with the marketing 
of Cerebyx®, there would be in existence different, arguably 
contradictory, statements ab1'>ut the same drug substance (phenytoin) in 
the labeling of two different approved drug products (Dilanting and 
Cerebyx®). 

While we do not propose ~o ri;,solve the problem by linking the approval of 
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the Cerebyx® NOA to full revision of Oilantin® product labeling, we do 
recommend, if the Cerebyx® NOA is declared approvable, asking the firm 
to revise the content of those sections of Oilantin® product labeling (both 
oral and injectable) that differ substantively from Cerebyx® product 
labeling (e.g., phenytoin specific matters vis a vis pregnancy, 
teratogenicity, etc.) and to submit labeling supplements to a111 their 
Oilantin product NOAs at the same time as they make a response to a 
Cerebyx® approvable action letter. 

Effectiveness In Ustt. 

As noted in the preceding section, although the Cerebyx® NOA contains no 
reports of adequate and well controlled clinical investigations that 
document fosphenytoin injection's capacity to suppress seizures, the 
effectiveness of the product as an anti-epileptic drug [AEO] can be deemed 
established on the grounds that 1) fosphenytoin is a prodrug for phenytoin2 
and 2) under the conditions of use recommended in the labeling proposed 
by the Division, Cerebyx® injection will yield plasma levels of free 
phenytoin that are sufficiently close3 to those that would be produced 

1 The firm mig!"it not choose to revise Dilantin® injection because they 
intend that it be replaced by Cerebyx®; I would recommend that we insist that they 
do, however, in part to ensure that generic labeling for injectable phenytoin is 
consistent with Cerebyx®. 

2 Each molar unit of administered fospheytoin is converted to an equimolar 
quantity of phenytoin. 

3 It is acknowledged tt>.at 'dose' has no clinically defined or generally 
recognized meaning The word is intended to convey a judgment by the review 
team that the rate and extent of free phenytoin delivery to the systemic circulation 
that follow;; the administration of Cerebyx® do not differ from the rate and extent of 
free phenytoin delivery that follows the administration of Dilantin® injection to a 
degree that will a cause a clinically significant difference in treatment response. This 
judgment, admittedly, cannot be supported by reference to empirical findings; there 
is no established quantitative relationship between changes in the rate and extent of 
phenytoin delivery and changes in the percent of patients experiencing a satisfactory 
anti-epileptic response in any of the clinical settings in which parenteral phenytoin 
is recommended. While such a judgment is, therefore, undeniably arbitrary, it is 
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when Dilantin® injection is administered for the same indication4 under 
Oilantin® injection's recommended conditions for use to allow Cerebyx® 
injection to be used in place of Dilantin.® injection. 

As noted, the bioequivalence of Cerebyx® and Oilantin® injection have not 
been demonstratec under every possible set of doses and routes of 
administration being recommended in Cerebyx® ~abeling. It is our 
judgment, however, that the products are 'fungible' when given in 
equimolar doses in settings where the extent, but not the rate, of 
phenytoin delivery controls its effectiveness. 

In the one situation in which rate of phenytoin availability is deemed of 
critical clinical importance, that is, intravenous loading for the treatment 
of status epilepticus, the firm has been able to develop a regimen of use 
under which the pharmacokinetic performance of Cerebyx® and Dilantin® 
injection are bioequivalent by ordinary agency criteria (i.6., the 90% CL 
limjts on the ratio of the realized values of the estimates for the usual PK 
parameters of the new to the old product are <: 0.8 and s 1.25). 

A digression concerning the doses of phenytoin and fosphenytoin studied 
may be helpful at this point. The molecular weight of fosphenytoin is 
approximately 1.5 times that of phenytoin; accordingly a dose of phenytoin 
only 0.67 that of fosphenytoin is equimolar to the latter. Unfortunately, it is 
sometimes difficult to be certain whether or not the dose of fosphenytoin 

every bit as reasonable as the one that allows the agency to declare products that 
differ in their biopharmacokinetic performance 'bioequivalent' as long as the 
difference in their performance falls within some arbitrary tolerance limits (e.g., the 
90% confidence limits on the ratio of realized estimates for a particular 
pharmacokinetic parameter , say Cmax or AUC, for two products, falls between 0.8 
and 1.25). Having said all this, however, it should be noted that the firm did show 
that fosphenytoin and phenytoin can deliver free phenytoin to the same rate and 
extent under one specific set conditions of dose and rate of administration. (see 
discuss.ion of study 982-240). 

4 

1. IV loading in status epilepticus 
2. IM or IV loading for treatment or prophylaxis 
3. IM or IV use for mamtenance therapy 
4. IM or IV use for temporary substitution for oral Dilantin 
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identified in file documents (e.g., in both FDA review documents and 
sponsor's reports), is intended to represent the actual weight of fosphenytoin 
or the weight expressed in phenytoin eqyiyalents CPE). that is. the weiiht of 
phenytoin that would.,xjgld an eq11imolar amount of pbenytojn as the 
fosphenytoin dose actually administered. There is not much that can be 
done about these ambiguities in usage other than to b~ aware of them. 

The table that follows provides a concrete example: it enumerates the actual 
mass doses for both fospbenytoin and phenytoin that would generate the 
same molar amount of pbenytoin in status epilepticus. Note that the rate of 
phenytoin specified in the table is not actually deliverable with Dilantin<» 
injection because the maximum rate of intravenous administration for that 
product is 50 mg/ min. 

Drug dose rate 

fosphenytoin 22.5 to 30 mg/kg 150 to 225 mg/ min 

phenytoin 15 to 20 mg/kg ••100 to 150 mg/min 

•• theoretical: pbenytoin cannot safely be delivered at this rate; 50 
mg/min is the maximum recommended rate. 

Study 98224 shows Cerebyx• and Dilantin• bioequivalent under the iv 
loading infusion regimen employed (i.e., see the table above). It bears 
repetition that this regimen is intended for use when phenytoin is being 
administered intravenously to a patient in status epilepticus: this is the 
only clinical setting, in our judgrnent, in which a decrease in the rate of 
systemic phenytoin delivery might have an adverse effect on clinical 
outcome. In all other settings, we assume that it is the e:ic,'ent, not the 
rate, of phenytoin delivery that is controlling. 

A digression about the method used to assess the relative rate at which 
Cerebyx<» and Dilantin• infusions deiiver free pbenytoin is useful here. 
When drugs are administered by tonstant intravenous infusion, the Cmax 
and Tmax occur typically at the end of the infusion and the realized values of 
these parameter estimates are controlled, other variables held constant, by 
both the total dose and the rate of delivery of that dose. 

In ordinary circumstances, therefore, the administration of two drug products 
that yield the same molar amounts of the same drug substanc:e cannot 
possibly generate bioequivalent delivery profiies if they are adminii.tered at 
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different rates of infusion. The situation is different where Cereby~ and 
Dilantin® are concerned, however. 

A number of events and phenomena, including fosphenytoin protein 
binding, fosphenytoin hydrolysis, phenytoin protein binding, and phenytoin 
displacement from protein bound sites affect the rate at which Cereby~ 
infusion delivers free phenytoin. As a consequence, Cereb~ must be 
administered at a faster rate than Dilantin® injection to deliver free 
phenytoin at an equivalent rate and extent. 

The parameter employed to compare the pace of free phenytoin delivery by 
the two products is the ratio of their cumulative AUCs for free phenytoin. 
The ratio is obtained by dividing the cumulative AUC for free phenytoin at 
some time, t, following the start of the infusion of Cereb~, by the 
cumulative AUC for free phenytoin at the same time, t, following the start of 
an infusion of Dilantin<I> injection. If the two products deliver free phenytoin 
at the same rate, the ratio will be unity at all times. 
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The Division's consultant biopharmaceutical review team has evaluated 
the firm's report of Study 98224 and concludes that it documents that a 
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dose of 1200 mg PE of fosphenytoin5 delivered intravenously at a rate of 
150 mg PE/min produces the same cumulative free phenytoin AUC over 
time as a dose of 1200 mg of phenytoin .delivered at 50 mg/min. 

Even in study 98224, however, the performance of the two products ls not 
precisely identical throughout the entire post-dosing intervQI as the plot 
of the ratio of the cumulative free phenytoin AUC demonstrates (see the 
figure on the preceeding page which is reproduced from the top panel of 
Figure 13 on page 12 of the 12121/95 biopharm review). In short, even in 
this study, the technical declaration of bioequivalence is somewhat 
arbitrary as it turns on the time after the start of infusion that is chosen 
for the evaluation of the cumulative AUC ratio. 

In this regard, it is important to note that the regimen selected for 
Cerebyx• infusion ensures that in comparison to Dilantin® more, rather 
than less tree phenytoir., is generated early on in the course of the 
infusion (e.g., from 10 to 30 minutes or so), the very period in which it is 
deemed critically important from a clinical perspective to ensure the 
rapid delivery of bioavailable phenytoin. 

Safety in Use: specific Issues. 

Whether or not fosphenytoin is safe in use cannot rest on the knowledge 
that phenytoin is a safe drug, however. Because fosphenytoin is not only a 
prodrug tor phenytoin but for phosphates and formaldehyde/formates, the 
risks that might be associated with the parenteral administration of 
these products under the conditions of use recommended in Cerebyx 
labeling must be considered. 

Both Dr. Edward Fisher, the primary reviewing pharmacologist, and Dr. 
John Feeney, the neurology group clinical reviewer responsible for the 

5 20 mg/kg given to a 60 kg patient results in 1200 mg total dose 

s Each molar unit of fosphenytoin forms equimolar units of phosphate and 
formaldehyde. Formaldehyde is then converted to formate which is then converted 
to COi and H20 by a folate dependent step. 
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application, discuss rist,.i; that might derive from the generation of the 
byproducts of fosphenytoin hydrolysis. 

It is important to acknowledge at the outset that concerns about the 
potential risks posed by these byproducts arise for theoretical reasons; 
there are no findings of serious injur1 or toxicity in either clinical or 
preclinical tests with fosphenytoin that indicate that either formate or 
phosphate derived from fosphenytoin administration has actually caused 
hann. 

On the other side of coin, however, a systematic effort to detect toxicity 
that might have been caused by these byproducts (particularly fonnate) 
has not been carried out either in animals or humans. Perhaps more 
important as a reason for caution, the extent of clinical exposure to 
Cerebyx® at the highest doses and rates of delivery is limited7 and, 
accordingly, the warrant provided by the absence of evidence of harm is 
less than robust. 

~~ormate: the risk of ocular injury 

Although no reports of blindness or diminished vision have been reported 
in association with the clinical testing of Cerebyx, formate, a known 
mammalian ocular toxins is a by product of fosphenytoin hydrolysis. As 
much as 5 mmoles of fonnate may be delivered within 7 minutes under the 
regimen recommended for Cerebyx" in the management of status 
epilepticus [SE]. 

Although the firm had been repeatedly advised of our concern about the 
potential risk posed by formate exposure, it has yet to provide a 
systematic evaluation of the extent of, and variability in, formate 

7 Only 128 patients have been exposed to doses of greater than 15 mg PE/kg 
at ~n infusion rates of<? 150 mg PE/min and only 66 patients at this rate and the 
higher dose of 20 mg PE/kg. 

e Studies in monkeys document that formate levels as low as 7 MMOL/L can 
cause optic nerve damage; formate is presumably the agent immediately responsible 
for the blindness that is associated with methanol ingestion 
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generation following intravenous loading with fosphenytoin. In fact, only 
4 patients have had formate levels measured, and then during infusions 
that delivared only one-half the load of .fosphenytoin recommended for the 
treatment of status epilepticus. 

Also, since the metabolism of formate is folate dependent, and a 
substantive proportion of patients with status epilepticus may be folate 
deficient (e.g., alcoholics), the issue is not only the extent c,f monitored 
experience, but the collateral conditions under which exposure has taken 
place. 

The risk assessment process is further complicated by the sparseness of 
the information available from preclinical models. At present, we 
believe (know) that exposures as low 7 MMOUL can cause ocular damage in 
monkeys, but do not know whether or not lower exposures can. 

On the other hand, Dr. Fisher points out that sustaineC: exposures 1· 

elevated levels of formate are probably required to cause injury in humans 
and that the firm did estimate, based on data available from other 
sources, the likely increment in serum formate that would follow an 
infusion of formate equivalent to that delivered by the maximum 
recommended dose of fosphenytoin, and that such an input would be 
unlikely to raise formate levels above background, let alone produce those 
known to cause injury. 

Accordingly, in my view, concerns about formate are not of a c:oncem vis a 
vis the approvability of Cerebyx, although they probably require memion in 
labeling, unless the firm can provide either argument or data, or both to 
convince us such mention is unnecessary. 

Risks of a phosphate load. 

Dr. Feeney draws attention to the risks that might follow rapid IV 
administration of a phosphate load. Both serum ionized calcium levels 
and pH may be affected, but neither have been systematica:ly monitored by 
the sponsor. As with the concerns discussed in regard to formate, I 
believe we ought to require mention of the possibility of these effects in 
labeling unless the sponsor can provide evidence or argument to show that 
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such labeling statements are unnecessary. 

Systemic sensations 

In his review, Dr. Feeney discusses a set of sensations that are associated 
with infusion of Cerebyx (burr.ing/pruritus affecting the extremities, the 
groin and in pen-rectal areas9); since these are not observed with 
phenytoin infusion, it is logical that they are the result of some unique 
property of fosphenytoin, its byproducts, or some secon:lary phenomena 
arising from their introduction into the systemic circulation. 

Phosphate, for example, might act directly or indirectly through an effect 
on serum Calcium levels. The usual signs/symptoms of tetany (peri-oral 
dysthesias, tingling in the distal extremities, etc.), however, do seem 
distinguishable from those associated with fosphenytoin infusion; 
nonetheless. the possibility that changes in serum Calcium are involved 
cannot be dismissed out-of-hand. 

The bottom line, however, is that our ability to assess any hypothesis 
regarding the cause of these pher, ·Tiena is limited by the minimal 
monitoring of serum formate, Calcium, phosphate and pH done by the firm. 

Fataljtjes 

The population treated with fosphenytoin is likely to be at substantially 
greater risk of death than the typical cohort of patients with complex 
partial seizures who participate in the usual AED development program. In 
particular, the fosphenytoin cohort includes patients in status, those with 
head trauma, etc, and as a consequence is a cohort in which deaths, 
regardless of treatment, are expected. 

Accordingly, I am not concerned about the number of deaths reported in 

9 Dr. Feeney writ.es that "the character and location of the sensory 
disturbance described for Decadron and Hydrocortisone matches the dominant 
description in Cerebyx-treated sur.jects. With all 3 agents, patients describe a burning 
or itching which localizes primarily to the groin area." 
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association with the use of fosphenytoin. This judgment, however, is 
defended only by my personal intuition, no more, no less. 

Safety and Common ADBs 

This is largely a labeling display issue. The firm has studied Cerebyx@ 
over a number of disparate conditions in different patient populations. It 
makes no sense in my view, to combine these experiences in an effort to 
provide a single, overall, table of untoward clinical event incider.ce. 
lnstAad, it makes far more sense to present the incidence within the 
various settings. We instruct the firm, within the text of labeling, how 
best to accomplish this goal. 

Safety jn Children 

This important age group has not been evaluated; if approved, Cerebyx@ is 
likely to be used in children, yet we do not have information on their 
handling of the product. 

Safety in Use· oyeral! considerations: 

The extent of clinical experience with an investigati"nal drug, the degree 
to which that experience is representative of the conditions under which 
the drug will be used if marketed, and the quality and kind of patient 
monitoring during the drug's clinical testing determine the strength and 
value of any warrant that may be offered about the safety of a drug at the 
time of its approval. 

Obviously, the fewer the number of patients exposed, the less reliable any 
warrant about the drug; this applies both to risks that were and those that 
were not observed during the product's pre-marketing development. 

This generic caveat applies to any regulatory conclusion that a drug is 
'safe for use;' but it is especially applicable where Cerebyx® is concerned. 
First, because this product has been administered to relatively few 
individuals overall. The total numbers of subjects exposed are 
enumerated in the following table: 
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NOA SU 1 SU 2 

Population 

Total Enrolled 849 861 994 

Exposed to Fos 736 748 859 

Cutoff Oates 

General Safety Sept 1, 94 Feb 22, 95 Aug 1, 1995 

Deaths/Serious AEs Nov 18, 94 May 15, 95 Sept. 15, 1995 

Of greater concern, Cerebyx® has been administered to even fewer under 
conditions of use where it is expected to cause the greatest number of 
problems: high rate intravenous infusion. Specifically, as of the last 
safety update, only 128 patients had been exposed to doses <:15 mg PE/kg 
at an jnfusjon rates of <: 150 mg PE!mjn and only 66 have been exposed jQ 

doses <: 20 PE/kg at infusjon rates of <: 150 mg PE/mjn. 

Whether or not this extent of clinical testing provides an adequate basis 
to allow the marketing of Cerebyx® under these conditions is a 
determination that turns on personal judgment, and, therefore, ultimately, 
the personal judgment of the agency official who has the delegated 
authority to act on the question, in this case, the Office Director. 

Discussion of Options 

Although the evidence provided by the sponsor is probably sufficient to 
allow some expert epil~ptologists to reach, responsibly, a conclusion that 
Cerebyx® has been shown to be safe for use under high dose, high rate 
conditions of use recommended in its proposed labeling, I cannot know 
whether most, or even a majority of experts, would reach the same 
conclusion. 

Accordingly, the division has prepared an approval action letter because it 
believes such an action can be defended, although it is not necessarily the 
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action that any of us may individually prefer•o. 

In any case, I could also defend ar. action approving the NOA under labeling 
that either 1) warns about the residual ·uncertainties concerning the 
safety of the high dose regimen, or 2) omits the high dose/high rate 
regimen on the grounds that there is insufficient evidence to ensure its 
safety. 

Neither of these options is entirely appealing, however, because Cerebyx® 
is only able to deliver phenytoin as rapidly as Oilantin® injection under 
the high dose, high rate regimen, and, therefore, we could not be certain, 
under either of these options, that Cerebyx would be fully effective (or as 
effective as Oilantin® injection), whan used in the management of status. 

We could, of course, disapprove the NOA, arguing, as we did when it was 
first submitted, that more clinical experience (i.e., safe passage) with the 
product under the high intravenous loading dose regimen is required before 
we can conclude that it is safe in use regardless of the restrictions 
placed on its use in labeling. The argument being made here is that 
whatever the labeling limitations or restrictions applied, the product 
would, if marketed, be likely to be used under the high dose/high rate 
regimen, a regimen yet to be shown to be safe. 

This would be a difficult regulatory position to defend, however, because 
we are only obliged, at least ordinarily, to determine whether or not a 
drug is safe for use under the conditions of use recommended in its 
labeling. In short, were it not for the status epilepticus indication, it 
would be easy to conclude that Cerebyx® has been shown to be safe for 
use. On the other hand, none of us is unaware of the extent of 'off label' 
use of marketed ciriJg products and the potential for that use to cause 
harm. 

10 Personally, I would clearly Feel more comfortable with an approvable 
action if it were taken with the knowledge that 200, rather than 66 patients, had been 
exposed without serious incident to the highest dose and rate intravenous loading 
regimen. The problem, of course, is that I would take still greater comfort if there 
were 2000 such exposures. 
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Importantly, nothing in this discussion is intended to gainsay or 
undermine the potential advantages that may well be provided by 
Ce re by x®. An injectable form of phenytoin that is less locally irritating 
than Dilantin® (reasonably inferred from what we know but not proven) 
wo11ld be especially useful for intramus,~ular use. The point is that it is a 
matter of personal judgment whether the gains are sufficient to outweigh 
our residual doubts about its safety for use. 

Finelly, neither I, nor any member of the review team, to my knowledge, 
is so wedded to any single view of this matter that we are absolutely 
committed to one and only one course of action. To the contrary, this is a 
close decision and I can accept any of the 3 options enumerated. I am, as 
are members of the review team, available to disc th.§.1~ further, 
as required. ~ 

~~~ ::_/1/rrc 
Paul Leber, M.D. 

2/9/96 
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MEMORANDUM 

DATE: 

FROM: 

SUBJECT: 

TO: 

~. 

FEB 2 0 1996 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 

FOOD AND DRUG ADMINISTRATION 
CENTER FOR DRUG EVALUATION AND RESEARCH 

Director, Office of Drug Evaluation I, HFD-101 

Fosphenytoin, NOA 20-450 (Cerebyx) 

Dr. Paul Leber, HFD-120 

I believe this application is approvable and that the available 
data and documented exposure are sufficient for a proding for a 
very familiar active moiety. The possibility remains, as you 
note, that some rare, "idiosyncratic" response to the short-liver 
parent molecule, or to a minor unsuspected metabolite of the 
parent, could occur, but a few ioo more patients will not resolve 
that question. 

I have modified the letter slightly, I think still reflecting 
what was sought by the Division. 

I have one regulatory, not scientific question: why is 
fosphenytoin considered an NME? Type 4 NDAs include new salts or 
esters of a previously approved active moiety. Although 
allowance is made for stable esters, especially where these are 
active (e.g., isorsorbide mono-odinitrate) that does;1't seem the 
case here, with the 15 minute half-life. 

I have made a few labeling changes and note particularly the 
following chan'JeS and questions. 
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Memorandum Department of Health and Human Services 
~ · Publlc Health Service 

Food and Drug Administration 
Center for Drug Evaluation and Research 

DATE: February 22, 1996 

FROM: Paul Leber, M.D. 
Director. 
Dlvl1lon of Neuropharmacologlcal Drug Product• 
H FD·120 

SUBJECT: Reply to your memo of 2/20/96 

TO: Fiie, NOA 20·450 Cerebyx(foephenytoln) 
a 

Robert Temple, M.D. 
Director, 
Office of Drug Evaluation 1 

The Division's review team has reviewed the comments about the Cerebyx 
action presented in your memo to me of 2120/96. 

We take your point that the intravenous administration of Cerebyx under any 
dosing regimen cannot precisely reproduce the phenytoin input to the 
systemir: circulation that is obtained with the direct infusion c! phenytoin 
sodium at 50 mg/min. Accordingly, we have revised the dosing instructions 
so that the recommended regimen for the treatment of status is betwean 100 
mg PE/min and 150 mg PE/min. This should result in an intermediate choice 
by many and that will be fine. 

For the most part, we have otherwise made the changes in the labeling and 
letter as you requested. except for one or two places. 

Oosjng and Admjnjstration Section: 

Here, we found your additional comments to be verbose and confusing. 
Accordingly, we simplified the instructions, providing the major points 
regarding iv use in a series of 4 brief bullets. 

We did, however. incorporate the intent of your comments in this section in 
the Clinical Pharmacology Section. 

Warnm~ Section: 

The instruction regarding the maximum rate of phosphenytoin infusion seems 
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unnecessarily confusing when it includes the phrase "at rates greater ,han 
50 mg/min." We would prefer deleting the phrase. The call, however, is 
clearly yours and toward that end we provide two pages 6's, one with and one 
without the phrase. 

Pharmacology: 

I have allowed Ed Fisher and Glenna to repair and revise the pharm sections 
as they believe best. I find their changes reasonable and assume that you 
will as well. 

Questions jn the memorandum: 

First, fosphenytoin is an ester, but not of phenytoin. It's an NME and we can 
take credit accordingly. 

As to your other questions, I'm not sure that I can answer them in a 
meaningful manner; I'll try (John Feeney is my major source of inspiration 
and data on this). 

# 4. How, if at all, renal and/or liver disease affects fosphenytoin to 
phenytoin conversion is unknown. The theory is that the free fraction of 
fosphenytoin is increased in the presence of hypoproteinemia. 

# 5. Yes, because this is part of a regimen that will lead to the chronic 
use of phenytoin 

#6. Dilantin is an ancient drug product--many things in its labeling 
got there the same way that they get into the labeling of all older drugs--in 
short. we don't know, and, don't have the resourcf's available currently to 
find out. 

I trust you can sign this approvable action as is; if ~:-tel us know. 

Paul Leber. M.D. 
2/22/96 



Review and Evaluatrdn of Clinical Data 
NOA 20·450 

Sponsor: 
Drug: 
Proposed Indication: 
Material Submitted: 
Correspondence Date: 
Date Received: 

Parke-Davis 
Fosphenytoin IV 
Epilepsy 
Third Safety Update 
April 12, 1996 
April 15, 1996 

Background: This safety update consists of 2 volumes out of a 4 volurne 
submission. The entire submission repressnts the sponsor's response to a 
recent Approvable Letter. 

Exposure: The cutoff date for the last (second) safety update was 
September 15, 1995. This SU covers all deaths, serious AEs, and 
withdrawals for AEs that have occurred since then. Data are also provided 
from 2 studies of Fos which '!re being conducted under a 
separate IND . Events from all studies are summarized through 
March 8, 1996. 

It appears that there is .inly one ongoing study in status epilepticus. Only 
5 additional pts have been enrolled since the last (second) SU. Of these 5, 
no deaths, serious AEs, or withdrawals because of serious AEs have been 
reported. Therefore, this SU reports almost entirely on th6 experience of 
Cerebyx in stroke. 

Deaths: 10 deaths (on placebo or Fos) occurred out of 79 pts enrolled in 
stroke studies. We know that 1/10 deaths occurred on Fos and 1/10 
deaths occurred on placebo. Because ~he blind has not been broken in the 
other stroke study, we do not know the treatment assignment of the 8 
other deaths. All deaths appear related to the stroke itself or the 
sequelae of stroke. None of the deaths were attributed to Fos. 

Serious, Nonfatal AEs: 5 pts had serious AEs that were nonfatal. One 
of these, severe hypotension related to Cerebyx was reported as an IND 
safety report on March 12, 1996 and is outlined in the next paragraph. The 
blind was not broken for the other AEs, but a review of them suggests that 
none would be considered attributed to study drug. 



Pt 113 in Study 25, a .. 51-yr-old woman, developed an absolute decrease of 
67 in her systolic pressure during a loading dose of Cerebyx for treatment 
of stroke. BP was 142/86 and dropped to 75/50. The investigator 
classified the event as life-threatening, although the BP returned to 
baseline with fluids. 

Withdrawals Due to AEa: 5 pts withdrew due to AEs. 3/5 occurred in a 
completed stroke study so that we know all 3 received Cerebyx. The other 
2 occurred in an ongoing strco!<:e study where the blind has not been broken. 

Patients 111 in Study 19 in stroke had the infusion stopped (note that the 
rate was 50 mgPE/min) because of perinea! burning and itching. The event 
was called severe and occurred after only 27% of the injection was given. 
Symptoms resolved after13 minutes followed an hour later by recurrence 
of mild itching for 5 min. 

Patients 118 in Study 19 in stroke had the infusion stopped (;iote that the 
rate was 50 mgPE/min) because of perinea! itching. The event was called 
moderate and occurred after 16% of the injection was given. Symptoms 
resolved in 5 minutes. 

Other events were mild. hypotension, severe bradycardia (treatment 
assignment unknown), and atrial fibrillation in a pt with a history of AFib 
(treatment assignment unknown). 

Summary: 

Burning, itching, bradycardia, hypotension are all described in proposed 
labeling. Therefore, the safety profile of -:e,!Jr~~ a not changed with 
the addition of this safety update. 

cc: 
HFD-120 
IND 28,217 

~~ . eeney, .. 
Medical Reviewer 
April 23. 1996 

H FD-1 20/Leber/Katz/Feeney/Nighs-.vander 



Review and EvaluaUon of Clinical Data 
NOA 20·450 

Sponsor: 
Drug: 
Proposed Indication: 
Material Submitted: 
Correspondence Date: 
Date Received: 

Parke-Davis 
Fosphenytoin IV 
Epilepsy 
Proposed labeling revisions 
April 12, 1996 
April 15, 1996 

Background: The entire 4-volume submission represents the sponsor's 
response to a recent Approvable Letter. Two volumes rApresent the 
requested safety update and are reviewed in a separate document. The 
other two volumes represent the proposed labeling revisions along with 
supporting documentation. 

Proposed Labeling Changes: Only major changes are addressed here. 

Two pervasive changes made by the sponsor are the correct insertion of 
the word sodium whenever describing equivalent doses of Cerebyx and 
parenteral Dilantin. Phenytoin as the free acid (Dilantin-30 Pediatric and 
Dilantin-125 Suspension$ and Dilantin lnfatabs) would have a different 
dose equivalence. The sponsor would also like to delete the PE used 
throughout labeling to refer to doses of Cerebyx. The very fact that 
different phenytoin products already on the market provide different 
amounts of phenytoin for equivalent weight-based dosing regimens would 
support the use of the PE notation throughout labeling to point out the 
equivalence only to phenytoin sodium and not to the free acid. 

Issues related to formate and phosphate have been addressed by the 
sponsor by presenting data from Study 27, a PK study of the high-dose, 
high-rate loading dose. Some of this data was pre:-;ented in submissions 
(specifically requested by me) dated May 2 and May 8, 1996. This 
information is discussed in Appendix I. 





cc: 
HFD-120 
IND 28,217 

ohn Feeney, M.D. 
Medical Reviewer 
June 17. 1996 

H FD-120/Leber/Katz/Feeney/Nighswander 
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Overview 

Cerebyx (fosphenytoin) has been developed by Parke-Davis 

The basis for an approval action on this NOA is the demonstrated 
bioequivalence of IV Cerebyx and IV Dilantin. When Cerebyx was 
administered at an IV rate that was three times greater on a molar basis 
than the rate of Dilantin, bioequivalence based on free phenytoin levels 
was demonstrated. 

It became clear during the review of this NDA that confusion readily 
arises in discussing the dosage of Cerebyx. The molecular weight of 
Cerebyx is 50% greater than Dilantin, so that 150mg Cerebyx delivers the 
same molar amount of phenytoin as 100mg Dilantin. Therefore, an 
infusion rate of 75mg/min Cerebyx delivers the same molar amount of 
phenytoin as 50mg/min Dilantin (the maximal labeled rate for Dilantin). 
However. the bioequivalent rates (as defined above for free phenytoin 
levels) would be 225mg/min Cerebyx and 50mg/min Dilantin. 

Since the use of Cerebyx will, by design, be temporary with conversion to 
oral phenytoin soon thereafter, I believe that Cerebyx dosing should be 
expressed in phenytoin equivalents in labeling. Thus, 150mg Cerebyx 
would be expressed as 1 OOmg phenytoin equivalents (PE). This eliminates 
the one and only step in converting total oral phenytoin dosing to 
parenteral Cerebyx dosing, but still leaves one step in converting the 
Dilantin loading dose rate (50mg/min) to the bioequivalent Cerebyx 
loading dose rate (150mg/min phenytoin equivalents). By not expressing 
Cerebyx as PE in labeling, I believe there will be considerable confusion in 
dosing during the first few years of general use. 

1 



Cerebyx is a phosphate ester of phenytoin. The bioavailability of 
phenytoin after IM Cerebyx is 100% with good local tolerability in over 
300 patients exposed. The sponsor contends that IV Cerebyx is better 
tolerated at the injection site than IV Dilantin. This latter point is 
supported by the normal volunteer studies when injection site irritation 
is examined in Cerebyx and Dilantin treated patients at bioequivalent 
rates. The active-control trials in patients did not adequately control for 
dose and rate betweeen Cerebyx and Dilantin patients, so that no 
additional comparative data on IV injection site irritation is yielded by 
those studies. Study 26 may provide comparative information along these 
lines, but we are not yet in possession of that final study report. 

Cerebyx is rapidly converted to phenytoin with a half-life of 15 minutes. 
The two byproducts of this conversion are phosphate and formaldehyde. 
The theoretical safety concerns of formaldehyde formation have been 
addressed by the sponsor and are the subject of much discussion in the 
pharm/tox review of Dr. Fisher. On page 60 of his review, Dr. Fisher notes 
(page 60 of his review) that peak plasma formaldehyde levels would be 
predicted to be 5.4mg/L, with levels returning to background levels 
(2.6mg/L) within 20 minutes. In fact, formaldehyde levels are apparently 
difficult to measure in plasma, and beyond this. the toxicity of 
formaldehyde may in large part be due to its metabolism to formate as 
occurs in methanol poisoning. 

Formate levels that produce optic nerve pathology are only 10-20 X 
background levels. Maximal formate levels were predicted by the sponsor 
to be no higher than background levels. This prediction has not been 
verified with empiric data to date. Formate levels were not measured in 
preclinical toxicity studies; in fact, models of formate toxicity in non
primates can only be produced in the presence of folate deficiency. 
Normal formate levels were measured in 4 normal volunteers, but at a 
Cerebyx-exposure much less than will occur with the standard loading 
dose. In the absence of formate levels in adequately loaded subjects, the 
safety margin cannot be stated. 

Not addressed by the sponsor or the pharm/tox review is the phosphate 
load with Cerebyx. The loading dose of Cerebyx delivers 75mg elemental 
phosphorus. Assur11mg retention in the plasma, the theoretical increase in 
serum phosphorus would be 2mg/dl. If the calcium-phosphorus product 
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exceeded 60-70 in a given patient, the theoretical concern would be 
calcium deposition in soft tissues and a possible transient decrease in 
calcium. The sponsor has measured ionized free calcium at the end of a 7 
minute loading dose in 5 volunteers and found these !e11els to be normal. 
Obviously, this is a small experience which should probably be expanded. 
Additionally, tile sponsor should be asked to assess the distribution of the 
phosphorus load in varying states of decreased glomerular filtration. 
Labeling should certainly make note of this issue, especially in dialysis 
patients. (The sponsor performed a study in dialysis patients, but used a 
small loading dose administered over 30 minutes.) 

The safety database accrued is complex and makes any exptrapolation of 
the results difficult. Several important points follow: 

First, the two active-control trials will IV Dilantin (Studies 15 and 21) 
do not allow any direct comparisons b9tween treatments. Both trials 
incorporated IV loading doses (one of the two also included maintenance 
IV dosing beyond the IV load) and I believe the loading dose presents the 
biggest safety concern in the use of Cerebyx. However, neither trial 
provided tor Cerebyx and Dilantin to be administered at the bioequivalent 
rates. (Study 26 may allow for some direct comparisons, but we do not 
have the final study report yet.) 

Second, as a general rule over the entire database, the high-dose, high
rate Cerebyx patients were also some of the sickest patients, usually 
patients with status epilepticus. While this may in fact mirror the 
intended usage of hign-dose, high-rate Cerebyx, it makes the 
interpretation of the safety data more difficult. 

Third, the patients exposed to Cerebyx tended to fall into one of two 
categories: 1) seriously ill patients with status epilepticus or pending 
neurosurgery and 2) relatively stable patients with epilepsy. The net 
effect of this is that the safety data from one group cannot really be 
merged with the other. 

Normal volunteer studies were in general limited to escalating IV 
"loading" doses. Since the population of normal volunteers is relatively 
homogeneous, I believe it provides important information on rate-related 
adverse events, making some comparisons between Cerebyx and Dilantin 
treated subjects possible. For inetance, orie 1.mique advP.rse event that 
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occurs with Cerebyx is a sensation of generalized itching or tingling 
which is variously coded as pruritus or paresthesia. In the normal 
volunteer studies, this phenomenon can be seen to be rate-related for both 
Cerebyx and Dilantin, but with a much higher incidence with Cerebyx at 
bioequivalent rates of administration. 

Similarly, in the normal volunteer studies, injection site pain and 
injection site reaction are saen to be rate-related for IV Dilantin and 
occur only rarely for Cerebyx at any rate. 

The sponsor has proposed use of Cerebyx for up to 14 days. Hoy.iever, only 
a few patients were sxposad for longer than 5 days. I believe labe:ling 
should reflect the database with use allowed for 5 days or less. 

For labeling purposes, the sponsor proposes to present adverse event data 
separately for the 3 controlled trials. Since the AE profiles in these 
trials only reflect the population studied (seriously ill neurosurgery 
patients vs stable epilepsy patients) and since the standard deviation 
around any point estimate from a given triai mu.st be exceedingly large, 
would argue to discard these tables from labeling and bring forward the 
descriptive list of AEs in the parenteral Dilantin labeling. 

Finally, the sponsor has not fully addressed the unique adverse event of 
pruritus/paresthesia seen with Cerebyx. In particular, the ISS often uses 
descriptive language to the effect that this AE was "usually transient." 
In my review, I could not ascertain the outcome of all cases of this AE. I 
found no specific mention of a case of pruritus/paresthesia that 
persisted, but I would reque~t the sponsor to directly address the question 
of reversibility of this AE. The second safety update (November 1995) 
added 100 individual exposures to the high-dose, high-rate experience 
with Cerebyx and confirmed the frequent occurrence of pruritus in that 
situation. The sponsor could provide more information on the experience 
of these individuals with the sensory disturbance. 

Conclusions: 

Cerebyx is approvable. The following additional information is needed 
before a final approval action can be taken: 

1. The sponsor should provide a more complete description of the sensory 
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disturbance caused by Cerebyx, to include the reversibility over time. 

2. Levels of phosphorus, magnesium, and free calcium should be measured 
at frequent timepoints during a 7 minute loading dose of Cerebyx and 
correlated with the character of the sensory disturbance. 

3. Formate levels should be measured after a loading dose of Cerebyx. 
Since the breakdown of formate is folate dependent, and because folate 
deficiency may be common in the population treated with Cerebyx 
(alcoholics and/or patients on chronic phenytoin therapy), some attempt 
should be made to measure formate levels in a folate deficient population 
after a loading dose of Cerebyx. 

The advantages of Cerebyx over parenteral Dilantin are: 

1. Given IV, it produces fewer local reactions, can be given in one-third 
the time of Dilantin, and may be more compatible with other IV solutions. 

2. It can be given iivl wiih predictable absorption and fewer local 
reactions. 
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Peripheral Sensory Phenomena 

Background: We refused to file the original NDA submission for Cerebyx 
because of the minimal satety database accrued at high dose, high rate (SE 
dosing) infusions. The sponsor only slightly improved upon this at the 
time of the resubmission. Again, the first safety update only minimally 
improved upon this. The second safety update in late 1995 more than 
doubled the exposure to SE dosing. 

Looking only at the NDA submission, it became clear from normal 
volunteer studies that a dose- and rate-related sensory disturbance 
occurred with IV Cerebyx. In patient studies, the bulk of patients Gxposed 
to SE dosing were too obtunded to report sensory disturbances because 
they were in fact SE patients. Therefore, in patient studies, a dose- and 
rate-related sensory disturbance was less obvious. 

The second safety update in late 1996 included the results of Study 26 
performed from April 1995 to June 1995. Ninety patients were added to 
the SE dosing database. Half the patients were epilepsy patier:ts (not SE 
patients and not neurosurgery patients) and would not be expected to be 
obtunded. Likewise half the patients reported pruritus. Because we are 
not in possession of all the information from Study 26, we cannot 
ascertain the exact proportion of patients who were alert enough io report 
sensory disturbances. It is possible, given the information provided, to 
assume that all awake patients ir Study 26 experienced some degree of 
sensory disturbance; it is also possible that only half did. 

These were not trivial disturbances. The infusion was interrupted or 
discontinued for 13/44 (30%) patients experiencing pruritus. The 
intensity was rated severe for 6/44 (14%) patients; moderate for 17/44 
(39%) patients; and mild for the remainder. 

The mean onset time was 2 minutes for these 44 patients. By the time of 
follow-up, outcome was unknown for 1 /44 patients. Resolution of sensory 
symptoms is reported for all the rest. Because time-to-resolution is 
referenced to end of infusion, and because we are told that infusions were 
slowed or stopped because of pruritus in a third of patients, we cannot 
determine what happens in the absence of altered rate and time of 



infusion. It sounds like most patients im:-Jrove within 5-10 minutes o: 
stopping the infusion (12-17 rr,;nutes from start of infusion, assuming the 
infusion is given over the prescribed 7 minutes). A fourth of patients have 
some aegree of distrJrbance beyond this point (median, 1 hour). 

The second safety update also mentioned the results of Study 27, a 16-
subject PK and safety study. 75% of these normal volunteers experienced 
pruritus; 75% of these normal volunteers experienced p .1thesia. Four of 
the 16 subjects (25%) reported "severe" pruritus. 

Significance: Just based on what we know about this phenomenon, it is 
clear that the natural history of the disturbance· must be elucidated more 
clearly in order to provide for the safe use of this drug. For instance, the 
intensity of symptoms for those patients who experience symptoms 
beyond one hour of dosing has not been provided to us. Do some patients 
have severe pruritus for days or do only mild symptoms persist oeyond one 
hour ? Since many patients who receive IV loading with Cerebyx will not 
need rapid loading, labeling will need to reflect a rate for those patients 
which results in minimal discomfort. 

Also, could the pathophysiology that underlies the sensory disturbances 
with SE dosing of Cerebyx herald some more serious pathology ? 

In awake patients treated with SE dosing of Cerebyx, patient reporting of 
sensory disturbance could lead to lowering of rate. In obtunded patients, 
this margin of safety has been removed. 

Example of Foscavir (foscarnet): Foscavir is an example of a drug 
where the onset of sensory disturbance does herald more serious 
problems, specifically with hypocaicernia. Foscavir was developed for IV 
administration for the t.-eatment of CMV retinitis in the mid-1980s. Early 
on it became clear that many patients experienced distal and perioral 
paresthesias, tetany, and seizures. The constellation of symptoms and 
signs was identical to that seen with hypocalcernia and, in fact, total 
serum calcium levels were low in some patients. Cases of fatal 
hypocalcemia have been reported with this drug. 

Experience with Foscavir has demonstrated that the labeled loading 
infusion may cause decreases in ionized free calcium even though total 
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serum calcium remains normal., ,2 The mechanism of this ionized 
hypocalcemia is believed to be chelation of free calcium by foscarnet 
itself (structurally appearing as a phosphate moiety with a carboxyl group 
substituted for an oxygen). Foscarnet is excreted unchanged in the urine, 
presumably carrying calcium with it. There is no evidence that foscarnet 
is broken down to phosphate, and there is no evidence of phosphate 
precipitating out of solution with calciu n. While foscarnet itself is toxic 
to renal tubule cells, there is no evidence of nephrocalcinosis (deposition 
of calcium-phosphate precipitates in the kidney) or other sett tissue 
calcium deposition. 

The current labeling for Foscavir states (WARNINGS; Mineral and 
Electrolytf. Imbalance) "Therefore, patients should be advised to report 
symptoms of low ionized calcium such as perioral tingling, numbness in 
the extremities arid paresthesias. Physicians should be prepared to treat 
these as well as severe manifestations of electrolyte abnormalities such 
as tetany and se'zures. The rate of Foscavir infusion may affect the 
transient decrease in ionized calcium. Slowing the rate may decrease or 
prevent symptoms." 

Possible Mechanisms of Cerebyx-lnduced Sensory Disturbance: 
There are m.:1ny ways that Cerebyx could cause sensory symptoms. Any 
explanation has to account for a lack of symptoms at 
bioequivalent dosing regimens of parenteral Dilantin. Perhaps IV 
tosphenyt::iin (the parent compound) alone causes sensory disturbance. Or 
perhaps IV tosphenytoin results in a distribution of phenytoin in tissues 
that is different from the distribution that results from pa•enteral 
Dilantin. Formate and phosi:hate are the two byproducts of tosphenytoin 
metabolism. Either one of these could cause transient sensory 
disturbances either directly or via an intermediate step. 

A. Formate: Note that several steps are necessary in the metabolism ot 
Cerebyx before the formation of formate. Given the almost immediate 

1 Jacobson, Gambertoglio, Aweeka, Causey, and Portale. Foscarnet
induced hypocalcemia and effects of foscarnet on calcium metabolism. J 
Clin Endocrinol Metab 72: 1130-1135, 1991. 

2Lor and Liu. Neurologi~ sequelae associated with toscarnet therapy. 
8nn-Pharmacother 28(9): 1035-7, 1994. 
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onset of the sensory phenomenon, it seems unlikP.ly that formate would be 
the causative agent. 

B. Phosphate: When I investigated the degree of phosphate loading with 
Cerebyx, I was impressed. Approximately 1 gram of phosphorus is 
ingested each day in an average United States diet. Of this, 700mg is 
absorbed. In comparison, an IV loading dose of Cerebyx includes 75mg of 
phosphorus; the SE dosing regimen would introduce the fosphenytoin over 
7 minutes. One outdated regimen for treating hypercalcemia3 was to give 
phosphates IV at a dose of 20 to 30 mg of elemental phosphorus per kg 
over 12 to 16 hours. In a 70kg person, this would result in 1 OOmg/hr. A 
stated hazard of this therapy was extraskeletal calcifications, including 
nephrocalcinosis with resulting renal failure. 

C. Sponsor's Comments on Mechanisms: The sponsor first addresses 
underlying mechanisms of these sensory disturbances from Cerebyx on the 
third-to-the-last page of the second safety update. "Although the 
underlying mechanism of fosphenytoin-induced pruritus and paresthesia is 
unknown, similar symptoms have also been reported for other phosphate
ester prodrugs and for foscarnet." The "other phosphate-ester prodrugs" 
referenced by the sponsor are Decadron and Hydrocortone. 

Curiously, the character and location of the sensory disturbance described 
for Decadron and Hydrocortone matches the dominant description in 
Cerebyx-treated subjects. With all 3 agents, patients describe a burning 
or itching which localizes primarily to the groin area. 

By my calculation, IV loading doses of Decadron and Hydrocortone provide 
1 /20th-1/10th the elemental phosphorus provided by a loading dose of 
Cerebyx. Therefore, assuming phosphate is the common link, it would not 
be surprising that Cerebyx would produce more severe burning and itching. 

Calcium Metabolism: Calcium is usually measured in the clinic as total 
serum calcium (normal 9-10.4mg/dL). About 50% of serum calcium is 
ionized and 10% is complexed with citrate. phosphate, bicarbonate, and 
lactate. The rest (40%) is protein-bound, mainly to albumin. The 
concentration of serum calcium is reflected in the proportion: (Ca) x 

3Aenal and Electrolyte Disorders Schrier (editor). Little, Brown and 
Company, 1976; p 198. 
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[Phosphate]/[Calcium-Phosphate]. The normal range for phosphorus is 3-
4.Smg/dl. The product of [Ca] (mg/dl) x [Ph] (mg/dl) therefore normally 
approaches 50. When the product approaches 60-70, most textbooks raise 
concern about precipitation with resultant soft tissue calcification, to 
include nephrocalcinosis. 

By weight, phosphorus represents 15/406 or 3-4% of fosphenytoin so that 
a loading dose of Cerebyx delivers 75mg phosphorus. If this load 
remained in the vascular space, the serum phosphorus could theoretically 
rise by 2mg/dl, thereby raising the calcium-phosphorus product to 70. 
This would drive the equilibrium toward calcium-phosphate and tend to 
tower calcium. As with Foscavir, the ionized free calcium would probably 
reflect this drop better than total serum calcium values. 

Note, however, that hypocalcemia typically causes a tingling sensation 
around the face and in the hands, not a burning in the groin as we have 
seen in many Cerebyx patients. 

Although the sponsor has not acknowledged this theoretical concern, it 
must have crossed their minds. The second safety update briefly 
summarizes an open-label safety and PK study performed in June ·1995 
which incorporated 16 healthy subjects, each given a single SE dose of 
Cerebyx (Study 27). lri reviewing individual lab listings fer these 
subjects. I notice that 9/ 16 subjec·ts had ionized free calcium levels 
performed at 18 minutes, while 5 of the same subjects had ionized free 
calcium levels performed at 8 minutes. None of the levels are remarkable, 
either when viewed as absolute values or as change from baseline. 
Certainly these measurements are not comparable to those reported for 
Foscavir. However, note: that the SE dose of Cerebyx is delivered over 7 
minutes. With only 5 ionized free calcium level checked at 8 minu!es and 
the rest performed at 18 minutes, I do not believe we can rule out the 
occurrence of a transient hypocalcemia during the 7 minute infusion. 
Further, the clinical status of these 5 (or 9) subjects is not stated. Were 
they subiects with or without pruritus ? 

In the absence of more data on ionized free calcium, I reviewed total 
calcium levels in Study 26. Note that, aside from the 8 and 18 minute 
clinical labs in Study 27, I am not aware of clinical labs in any other 
studies being performed early enough to be informative on this subject. 
Still, 25% of Cerebyx-treated patients in Study 26 are listed with low 
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calcium levels. Since this does not differ from the Dilantin-treated 
group, I would doubt it is important. 

A review of all deaths and serious AEs in Study 26 raises no particular 
concerns regarding other manifestations of hypocalcemia. In particular, 
do not s 'le any description of seizures occurring in proximity to Cerebyx 
infusions, cardiac rhythm disturbance, or tetany. In fact, the profile of 
serious AEs appears roughly the same for Cerebyx and Dilantin treated 
patients in Study 26. Again, though, patients in Study 26 "had near 
normal levels of consciousness to report adverse events and 
infusion tolerance" (2nd safety update,p35) which may . not 
mirror the SE population most likely to receive the SE doses of 
Cerebyx. Patients in Study 26 could report sensory symptoms 
early and thereby cause their rate to be lowered. 

Summary: 

1. The natural history of the sensory disturbance caused by Cerebyx at SE 
dosing has not been fully characterized. In particular, we do not know if 
the intensity (severe for many) correlated with duration (many hours for 
some), especially in the absence of dose and rate reductions. 

Relevant to this last point is that the number of known obtunded patients 
given SE dosing regimens remains small. (We don't know the level of 
consciousness for all Study 26 patients.) For these patients, the longterm 
follow-up was short, 3-5 days by protocol. More obtunded patients, given 
SE dosing without rate reductions and followed for longer periods of time, 
would add a margin of safety to the Cerebyx experie11ce. (Perhaps Study 
26 contains some of this information.) Pertinent to this, the patients in 
Study 16 who were given the SE dosing regimen could have their status at 
the 3-5 day visit teased out and presented separately. Patient 2 at Center 
8 has pruritus beginning on day 2, continuing, and not yet recovered, but 
the duration of follow-up is not clearly stated. The "mild itching feeling" 
reported for Patient 22, Center 9 in Study 15 on Day 4, just after 
experiencing post-ictal psychosis is intriguing along these lines. 

2. One very plausible theory for the sensory disturbance (one which the 
sponsor has begun to investigate in Study 27) is a drug-induced transient 
drop in ionized free calcium. I believe this needs Jo be investigated more 
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comprehensively, orior to drug approval. This could be accomplished by 
checking free calcium levels more frequently, at earlier time points, and 
in more patients. There may be value in also checking magnesium levels 
at the same time, since magnesium is another example of a divalent 
cation. Sensory symptoms could be correlated with calcium and 
magnesium levels. (Indeed, presenting free calcium levels for 9/16 
subjects in Study 27 raises the concern that values are not presented for 
the subjects with sensory disturbances.) 

Relevant to the this, the sponsor could measure serum phosphate levels in 
closer proximity to the infusion since phosphate levels would predict 
potential for hypocalcemia. 
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Formate 

For each mmole of Cerebyx administered, one mmole of formate is 
produced. Therefore, a loading dose of Cerebyx delivers about 5 mmoles of 
formate to the individual. Assuming all the formate stayed within the 
circulation (5 liters), a maximal theoretical increase of i MMOUL in 
background formate levels could occur. This was recognized at the time 
the IND for fosphenytoin was first filed in 1986 (see the pharm/tox 
review of Dr. Fitzgerald from 1986). 

In 1986, the sponsor · - at that time) measured formate levels in 4 
subjects administered a small loading dose of fosphenytoin over 30 
minutes (hali as much fos as constitutes a current loading dose, given 
over a greater time interval). Background levels were 0.5 MMOUL and did 
not increase. Since then, formate levels have not been measured in any 
human studies of Cerebyx. 

Given the measured background levels in that study and the maximal 
theoretical increase, the maximal theoretical level that could be achieved 
after a Cerebyx loading dose is 1.5 MMOUL. 

In monkey studies referenced by Dr. Fisher in the current pharm/tox 
review, formate levels as low as 7 MMOUL could cause the characteristic 
optic nerve lesions of formate toxicity (implied, but not clearly stated, is 
that levels below 7 MMOUL did not cause the lesion in the monkey 
studies). 

There are ongoing investigations into the mechanism of methanol toxicity, 
due in part to interest in methanol as an automotive fuel. Methanol is 
converted to formaldehyde and then to formate. Investigators have found 
that rats. normally resistant to methanol toxicity, can be made sensitive 

13 



to methanol toxicity by creating a state of folate deficiency.1,2 This 
folate-reduced (FR) rat model has been the subject of some recent studies 
on methanol toxicity. In this model, 2.5-3.0 MMOUL formate probably 
represents the NOEL (personal communication from Robert Louis-Ferdinand 
to Dr. Ed Fisher). Formate levels of 7-10 MMOUL are associated with 
changes in the electroretinogram of the FR rat and with the histological 
abnormalities in the optic nerve. 

In the NDA, preclinical studies were performed in non-primates which are 
not susceptible to formate toxicity unless they are made folate deficient. 
Formate levels were not measured in these studies. 

The human clinical literature on methanol toxicity includes reported 
formate levels in patients who died, suffered visual loss, and who 
survived without deficits.3,4 Formate levels as low as 2-4 MMOUL are 
reported in some fatalities. Unfortunately, the timing of these levels in 
relation to the methanol exposure are not always clear. Some reported 
formate levels may be peak levels while others are trough levels. Levels 
of 1 O MMOUL and above do seem to consistently be associated with poor 
outcomes. Levels below 10 have outcomes that vary from complete 
recovery to death. Based on the information from monkey and FR rat 
studies, I believe the human levels below 10 in association with poor 

1 Lee, Garner, and Terzo. A rat model manifesting methanol-induced 
visual dysfunction suitable for both acute and long-term exposure studies. 
Toxicol.Appl. Pharmacol.. 128: 199-206, 1994. 

2Garner, Lee, and Louis-Ferdinand. Muller cell involvement in 
methanol-induced retinal toxicity. Toxicol.Appl.Pharmacol. 130: 101-107, 
1995. 

38rown-Woodman, Huq, Hayes, Herlihy, Picker, and Webster. In vitro 
assessment of the effect of methanol and the metabolite, formic acid, on 
embryonic development of the rat. Teratology 52: 233-243, 1995 (See 
their Table 9 for a range ol reported formate levels in human methanol 
toxicity.) 

4McMartin, Ambre, and Tephly. Methanol poisoning in human 
sub1ects: Role for formic acid accumulation in the metabolic acidosis. 
Am.J.Med. 68: 414-418, 1980. 
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outcomes may simply represent trough levels in patients who experience 
much higher levels at other times in their clinical course. 

Folate-deficient populations are a topic of some discussion in the 
literature on methanol toxicity. Alcoholism, pregnancy, and chronic 
phenytoin therapy are all states known to be associated with folate 
deficiency. Treatments that alter folate metabolism, such as dietary 
manipulation, nitrous oxide, and methotrexate, have been shown to modify 
methanol toxicity in monkeys and rats. Methanol-derived levels of 
formate are higher in folate-deficient monkeys than in normal monkeys 
after similar exposures to methanol.S These aut'1ors found that elevations 
in formate levels after very high inhalation exposures, whether in normal 
or folate-d.::!'-::ient monkeys, were only a fraction of background formate 
levels. 

Acidosis: Severe methanol toxicity is associated with a severe acidosis, 
as well as high formate levels. To quote one paper on methanol poisoning, 
"l=ormate accumulation occurs in a manner reciprocal to the depletion of 
bicarbonate."4 When searching the line listings for Study 27 in the recent 
safety update, I found fairly complete data on bicarbonate levels from the 
16 subjects given loading doses. These levels were collected at regular 
30 minute intervals. For the 16 subjects entered, many of them showed 
some small decrement in bicarb with the nadir occurring at different 
times for different subjects. The biggest decrement occurred for subject 
16, with a baseline bicarb of 25.4 and an end-of-infusion reading of 18.6. 
(19-26MMOUL is given as the normal range.) It is unclear if these small 
decrements represent normal variability over time or some consistent 
effect of the infusions. 

I wonder if the decrements seen in bicarbonate in Study 27 might be used 
as markers for alevations in formate levels. Again, the sponsor has not 
specifically called attention to the existence of the bicarbonate data or to 
its signilic?.nce. (It is not clearly stated why the bicarb levels were 
checked in the first place.) 

soorman, Moss, Farris, Janszen, Bond, and Medinsky. 
Pharmacok1netics of inhaled (14C) methanol and methanol-derived (14C] 
formate in normal and folate-deficient cynomolgus monkeys. 
Toxicol.ApplPharmacol. 128: 229-238, 1994. 
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Labeling for Cerebyx will have to reflect the fact that patients with 
status epilepticus usually have an underlying metabolic acidosis, the 
degree of which varies with the severity of the status and the cause of 
the status (see Patient 11, Study 16; multiple drug overdose), and that 
Cerebyx may add to this derangement. 

Anion Gap: If there is a transient decrease in bicarbonate in the absense 
of a change in sodium and chloride, we have defined an increase in the 
anion gap. Formation of formate and/or phosphate loading could increase 
the anion gap. For subject 16 in Study 27, the anion gap at the end of the 
infusion was 16 with a normal of 8-16. 

Sensory Symptoms: In the animal toxicology studies, Dr. Fisher has not 
seen any evidence of severe sensory symptoms such as writhing. If the 
animals experience the same phosphate load as humans (or slightly 
greater), and if phosphate is the origin of sensory symptoms, some painful 
behavior would have been expected. Since we know that formate 
metabolism is one area where these non-primates differ from humans in 
Cerebyx-processing, the question arises whether formate accumulation in 
humans could be contributing to the sensory disturbance. 

Summary: 

1. Formate levels have not been measured in humans after a loading dose 
of Cerebyx. 

2. Formate levels have not been u1easured in folate-deficient humans 
after a loading dose of Cerebyx. 



Introduction 

A. Administrative History 

Following is a brief chronology of the IND and NOA: 

1984 
1986 
1990 
1990 
1991 
5/91 
2192 
7/94 
9/94 
2/95 
6195 
1 0/95 

files IND 
transfers IND tc 

for Fos 

transfers IND to Warner Lambert/Parke-Davis 
Orphan drug designation for grand mal status 
IM clinical studies begin 
IV clinical studies begin 
NOA filed 
Refuse to file letter 
Resubmission of NDA 
First safety update 
Second safety update 

The basis for the refuse to file action in Seple.!'f!ber 1994 was the small 
number of patients and volunteers treated with Fos at a rate of 150 
mg/min PE. Only 4 pis with status epilepticus had been treated at that 
rate while about 20 normal volunteers had been treated at that rate. 

The sponsor continued to enroll pts in an ongoinp status epilepticus study 
after the NOA was filed. On the basis of the increased numbers of pis 
treated as well as a recalculation of infusion rates for some previousiy
treated pts, it was agreed that the sponsor would resubmit the NOA in 
1995. 

B. Material Utilized in Review 

The NOA dated July 14, 1994 and received July 15, 1994 included 93 
volumes. Volumes 1.1, 1.47-1.72, and 1.89-1.92 from that submission 
were used for purposes of this review. 
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After the refusal to file, a resubmission dated February 22, 1995 and 
received February 23, 1995 was submitted. The resubmission included 15 
volumes. Volumes 3.1 and 3.9-3.12 from the resubmission were 
frequently used for purposes of this review. Those volumes included a 
rewritten Integrated Summary of Safety and rewritten study reports for 
Studies 982-15, 982-21, and 982-16. 

The 4-month safety update dated June 22, 1995 and received June 23, 
1995 was also used for this review. At my request, Tables 5 and 6 from 
the safety update were changed by the sponsor and submitted September 
14, 1995. 

The FDA Biopharm Review is also integral to the review of this NOA. 

C. Background 

Fosphenytoin Sodium (Fos) is the disodium phosphate ester of 3-
hydroxymethyl-5,5-diphenylhydantoin. It is a prodrug of phenytoin. It is 
rapidly and completely converted to phenytoin in vivo by ubiquitous 
phosphatases. Because of the phosphate ester, 150 mg Fos yields 100 mg 
phenytoin sodium. In this report. doses of Fos and dose rates of Fos will 
always be expressed as phenytoin equivalents (PE) as opposed to actual mg 
Fos. 

According to the sponsor, the presumed advantages of Fos over parenteral 
phenytoin are: 

• 

• 
• 
• 

• 

pH 8.8 as opposed to pH 12 of Dilantin 
freely soluble and stable in common IV tluids 
can be used IM 
shorter administration times; can be given at 150 mg/min while 

Dilantin is limited lo 50 mg/min 
minimal tissue trauma at injection site (presumably due to lower 

pH 
no cardiovascular toxicity including hypotension 

While shorter administration times could be a distinct advantage in 
emergent situations, it will be seen below that this is actually a 
necessity in 0rder to meet bioequivalence standards based on free 
phenytoin levels after IV administration. 
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The relative local injection site toxicities and cardiovascular toxicities 
of Fos and parenteral Dilantin remain a topic for this review. 

In fact, this NOA is unique in many ways. First, there are no controlled 
trials to support the efficacy of Fos. The "controlled trials" submitted 
were really not designed to show a difference between treatment groups 
on a protocol-specified efficacy outcome. The majority of patients 
studied were not having seizures, but were only at risk for seizures for 
one reason or another. 

Secondly, the bioequivalence data submitted in support of this application 
really only applies to the isolated instance of IV loading. To my 
knowledge, no bioequivalence data for IV maintenance dosing, IM loading, 
or IM maintenance dosing has been submitted. 

Thirdly, the limited safety databane submitted in support of this 
application can be partitioned in two ways. The first way partitions the 
data by route of administration, IV versus IM. (In addition to the systemic 
toxicities that could be part and parcel of the route-determined 
bioavailability, there exists the route-specific local toxicities.) The 
second way partitions the data by loading versus maintenance dosing. 

While the safety of a loading dose also speaks to the safety of a 
maintenance dose by the same route of administration, the converse is not 
true. Because of this last point, I have divided the patient safety database 
as seen in the table below. Subjects in normal volunteer studies are not 
included in this table. Since ahr.ost all normal volunteer studies (n=148 
Fas-exposed subjects) were single loading dose studies, these studies 
would be expected to add information primarily to the IV loading group. 

Loading Maintenance Loading Plus 
Maintenance 

I---~ 

IV Route 1 81 88 1 81 

IM Route 178 297 357 

Note that the definition of "Loading" for purposes of such a table can be 
complicated. We could look only at the "bioequivalent" IV loading dose, 
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with a very precise rate and total dose. Or we could include anyone with a 
total dose of 20mg/kg PE given over an hour or less (a subacute loading 
dose). Or we could include anyone with the •bioequivalent" rate even if 
the total dose was as low as 10mg/kg PE. Interestingly enough, for the IM 
route, a bioequivalent loading do11e cannot be defined because parenteral 
Dilantin is rarely given IM. The systemic bioavailability of IM Fos is 
reported to be 1 00% 

0. Proposed Directions for Use 

The proposed labeling seeks an indication of Fos for short-term parenteral 
use for up to 14 days: 

o for status epilepticus 
o for the treatment or prophylaxis of seizures in pa!ients with 

epilepsy or in neurosuigical patients 
o as a substitute for oral phenytoin when oral administration is 

not feasible 

The Dosage and Administration Section of the proposed labeling describes 
4 situations tor use: 

1. IV loading in status epilepticus 
2. IM or IV loading for treatment or prophylaxis 
3. IM or IV use for maintenance therapy 
4. IM or IV use for temporary substitution for oral Dilantin 

For status epilepticus, "the standard loading dose is 22.5 to 30 mg/kg 
(15-20 PE) infused at 150 to 225 mg/min (100-150 PE) in adults ... with 
vital signs ... and cardiac rhythm (ECG) monitored during and immediately 
after the infusion ... Cerebyx (19.5-25.5 mg/kg or 13-17 PE) administered 
at 225 mg/min (150 PE) is bioequivalent to an equim.)lar dose of Dilantin 
administered parenterally at 50 mg/min." 

Further, "Guidelines for the treatment of status epilepticus suggest that 
patients still in status epilepticus after a phenytoin loading dose of 20 
mg/kg may receive additional loading doses of 5 mg/kg up to a maximal 
dose of 30 mg/kg. Based on these guidelines, patients treated with 
Cerebyx still in status epilepticus after a Cerebyx loading dose of 30 
mg/kg (20mg PE) may receive additional Cerebyx loading doses of 7 .5 
mg/kg (5mg PE) up to a maximal Cerebyx dose of 45 mg/kg (30mg PE)." 
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The sponsor has studied the loading doses above and, baaed on free 
phenytoin concentrations, has found that Cerebyx infusions at 225 
mg/min (150mg PE) are bioequivalent to standard Dilantin loading doses. 
However, if the standard of care for refractory status includes 
additional boluses, the sponsor has not studied the PK of Cerebyx at these 
higher doses. 

E. Foreign Marketing 

Fosphenytoin is not marketed in any country. 

F. Related INDs 

Fosphenytoin is being developed under 2 separate INDs: IND 
epilepsy and IND 
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PK Studies 

IM Fos Maintenance 

The bioavailability of phenytoin, given as IM Fos, is 100%. In contrast, the 
bioavailability of phenytoin, given as Dilantin Kapseals is 90%. 

Bioequivalence Studies for Emergent IV Loading 

Study 18 was a 4-way crossover study of different doses and infusion 
rates. Tl1e concentration-time curves depicted in the publication of this 
study depict nearly superimposable curves for 1200 mg given at 100 
mg/min and 150 mg/min. While not designed as a bioequivalence study, it 
appears that these 2 infusion rates would be bioequivalent and, 
additionally, both result in similar rise times for free phen~toin 

concentrations. 

Data from a second published PK study shows Fos at 100 mg/min to have a 
slower rise time of free phenytoin concentration than Fos at 150 mg/min; 
the Cmax and Al!Cs appear similar otherwise. This study was designed as 
a bioequivalence study: Only Fos at 150 mg/min was bioequivalent to 
Dilantin at 50 mg/min. The rise time of free phenytoin levels was steeper 
for Fos, resulting in maxima! levels about 5-7 mi.1utes faster for Fos than 
Dilantin. 

Safety Concerns for Emergent IV Loading in Light of PK Data 

As described in later sections, there is minimal safety data for IV Fos 
given at a rate of 150 mg/min PE. The safety experience widens 
considerably if 100 mg/min is used as a cutoff. 
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The 2 PK studies present discrepant data. In one, 100 vs 150 appear 
equivalent with similar rise times for free phenytoin levels. In the other, 
only 150 is bioequivalent to Dilantin 50 mg/min. 

The rise time for free phenytoin levels is significantly faster in one PK 
study compared to Dilantin. In the other study, the rise time is less steep 
and is similar tor both 100 and 150 mg/min infusion rates. If the rise 
time is steeper with Fos 150 mg/min than for Dilantin at 50 mg/min, the 
potential exists for increased cardiovascular toxicity with Fos than with 
Dilantin. The only way to resolve the safety issue would be to 
conduct a large enough safety study powered to detect , a 
difference between parenteral Dilantin and Fos, given at 
50mg/min and 150mg/min respectively. A study with pts 
randomized to these 2 infusion rates has been designed by the sponsor to 
begin in April 1995, but it is unlikely that this study will have the power 
to detect a difference between the two drugs with respect to this AE. 
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Safety 

Preclinical Safety Profile (see Dr. Fisher's review) 

The toxicological profile of Fos was essentially the same as that of 
phenytoin. Acute IV toxicity studies we•e conducted in mice, rats, 
rabbits, and dogs. Multidose toxicity studies were conducted by both the 
IV and IM routes in rats and dogs. The IV studies were 4 weeks in duration 
while the IM studies were 13 weeks in duration. 

Special studies of local ti:>sue irritation were conducted. Fos produced 
significantly less venous and perivascular irritation than phenytoin at 
equimoiar concentrations. Local irritation after IM injection of Fos to 
rabbits was significantly lower than after IM phenytoin. 

The cardiovascular effects of equimolar doses of phenytoin and Fos were 
comparable following IV bolus injection to anesthetized female dogs. Any 
less pronounced effects seen after Fos administration are presumed to be 
due to the lower peak blood levels of phenytoin resulting from its 
administration (22 vs 49 mcg/ml). 

The formation of formaldehyde after Fos administration raises a 
theoretical safety concern. The theoretical maximum dose of 
formaldehyde (assuming complete, instantaneous conversion) after an IV 
dose of 2100 mg Fos (proposed maximum human dose) based on a 1:1 molar 
ratio would be 5.17 mmol or about 0.1 mmol/kg (3 mg/kg) for a 50 kg 
person. Using modeling techniques, peak formaldehyde levels were 
predicted to be approximately 0.18 mmol/L, with concentrations declining 
to background levels (0.027-0.068 mmol/L) within 20 minutes. Plasma 
formate levels measured in 4 healthy volunteers following administration 
of 1200 mg of Fos by IV infusion over 30 min were not significantly 
different fr0m those observed in a placebo group or from baseline levels 
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(25 mg/L). 

Dr. Fisher has reviewed the genetic toxicity and reproductive toxicity 
studies. Developmental toxicity seen in rats given Fos is consistent with 
that previously reported with phenytoin. 

Fos was clastogenic in Chinese hamster lung cells. Phenytoin was 
reportedly not clastogenic in previous studies with CHO cells. One 
explanation for this discrepancy is that the clastogenicity of Fos is due to 
formaldehyde formation. 

1.0 Exposure 

849 volunteers and patients have participated in all Fos studies included 
in the NDA. These volunteers and patients account for 942 exposures to 
some study drug (Fos, phenytoin, or placebo) if patients in crossover 
studies are counted as 2 separate exposures. 

736 volunteers or patients have been exposed to Fos, including 148 
volunteers and 588 patients. 534 patients were part of the completed 
clinical studies while an additional 54 patients were part of ongoing 
Study 16 (status epilepticus). 

The sponsor's list of all studies is attached. 

Note that almost all 148 volunteers in the early dose-escalation and PK 
studies received single 1V doses of Fos. 

Two of the studies in patients were unusual in their dosing regimens. In 
study 005, patients received half of their maintenance oral dose of 
phenytoin as IV Fos and the other half as IM Fos. Study 10 was an isotope 
study. 
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Description of Clinical Studies 
(Page 7 of 7) 

Dna1 Ad1nini1lr•lion 

Dtm••vurhv Planned Oo~t 0 ru I . R "u le __ .:.c.::;c::;c:....:::;c::;c __ Ret:i1ntn 
P11nntd R11e 
Cmc PE/min) 11nr1Lsl (lnp: PEll>Jl 

A91:r ~nt:• 
16-98 FOS. IM1 

Lo•c.linJ 12·11 1· 12 QD/BID NA 
G•1uh•r ~f1inlen1nce NS NS QDIBID NA 

71 t.11lt1 
40 Fe1n1le, 

Hm:f' 

91 Whilt 

2j Blad,; 

,\i:r JL.n.:• 
I' IO FOS. IM ~ ll ~IOI SinJlc ckt• NA 

t:•1ulirr 
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Excluding those 2 studies, the remaining patients in clinical studies can 
be divided as follows: 

IV "Load" 

Study 21: 39 Fos patients* 
Study 15: 88 Fos patients** 
Study 16: 54 Fos patients*** 

IV Maintenance 

Study 15: 88 Fos patients (1 week)** 

IM Load 

Study 22: 60 Fos patients• 
Study 14: 118 Fos patients .. 

IM Maintenance 

Study 13: 
Study 14: 

179 Fos patients• 
118 Fos patients .. 

• 
•• 
••• 

epilepsy patients 
neurosurgery patients 
status epilepticus 

With the exception of 6 patients in Study 16 (status epilepticus), all 
patients were 16 years of age or older. Study 16 included 6 patients 
between the ages of 5 and 10 years. 
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Duration of exposure by route of administration (see sponsor's 
Figure 4): 

Approximately 200 patients received IM Fos for 5 days, but only about 20 
patients received IM Fos for 6 days or greater. IM exposure to Fos was 
heavily influenced by Study 13 which was designed as a 5-day study. 

Approximately 60 patients received IV Fos for 4 days, but only about 18 
patients received IV Fos for 5 days or greater. IV exposure to Fos was 
dependent on Study 15 where there was a protocol-specified option to 
switch to PO Dilantin after 3 days at the investigators' discretion. 

Dose and Rate (see sponsor's Figure 7 which incorporates both 
volunteers and patients): 

The total dose given obviously depended on whether the dose was designed 
as a loading dose or a maintenance dose. 

The rate of administration for IV dosing was generally about 50 mg/min ± 
20 except where specifically pushed higher to the bioequivalent rates 
necessary in &talus (150 mg/min). 

2.0 Volunteer Studies 

148 unique volunteers were exposed to Fos. Some of these individuals 
may have received more than one exposure to Fos. As mentioned above, 
most of these volunteers received single IV doses as part of dose
escalation or PK studies. Sponsor's Table 3 represents the number of 
unique volunteers exposed to Fos, Di1antin, and placebo in these studies. 

2.1 Deaths 

There were no deaths in volunteer studies. 

2.2 Serious AEs and Discontinuations 

There were 3 serious AEs reported in volunteer studi,~s. 2 were on Fos and 
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TABLE 3. Source and Number of Subjects 
Placebo Fo~heoytoin Dilantin Total in Tol&l Exposed 10 

Study 
JV JM JV IV Srudy" Fosphenytoin' 

982-001 s 0 20 0 lS 20 

982-002 0 0 12 12 12 12 
982-003 3 0 28 0 31 28 
982-006 0 12 0 12 12 12 
982-007 0 0 IS 0 IS 15 
982-011 0 0 11 0 11 11 
982-012 6 0 6 6 6 6 
9r,2-011 0 0 0 2 2 0 
982-l 18 21 0 20 0 21 20 
9s2-02u 12 0 12 12 12 12 
982-024 0 0 12 12 12 12 

.~,,!'.~):;,· 
ToLal 47 12 136 56 159 148 

' • Ea.ch subiect counted once 
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.. 
1 was on Dilantin. The patient narratives for all 3 patients are included 
below. The first Fos volunteer experienced progressive bradycardia 
leading to asystole for 23 seconds. D1Jring the asystole, the volunteer 
experienced 15 seconds of tonic-clonic movement. Because of subsequent 
abnormal electrophysiologic tet~ting, the case was deemed unrelated to 
study drug. The subject had rnceived 500mg of a planned 750mg bolus at 
150mg/min. 

The second Fos patient had hypotension and syncope after receiving 650mg 
of a planned 750mg bolus at 50mg/min. Bradycardia accompanied the 
event. 

The Dilantin subject experience'd hypotension after receiving 600ng of 
Dilantin at 50mg/min. 

All 3 events seem most consistent with vasovagal reactions. 

The classification of "discontinuations" or "withdrawals" would be 
somewhat uninformative for these volunteer studies since rrost of the 
studies were single dose IV studies. Nevertheless, there were 3 
discontinuations. The 2 previously mentioned Fos serious AEs account for 
2 of the 3 discontinuations. The third discontinuation was a Dilantin 
treated subject who developed a wandering cardiac pacemaker during 
infusion. 

2.3 Severe AEs 

Severe AEs were reported in 5 Fos subjects and 3 Dilantin subjects. 1/5 
severe Fas reactions was described as a serious AE; the other 4 severe 
AEs were: ataxia, stupor, tinnitus. and pruritus. The 3 severe Dilantin 
AEs were: injection site pain in 2 subjects and hypotension in 1 subject. 

2.4 All AEs 

The sponsor has chosen to present the AE data relative to the number of 
exposures vs the number of subjects. For this reason, the denominators 
differ from Table 3 above in that there were 211 Fos exposures in 148 
subjects. The number of exposures = number of subjects for ;:>lc.cebo and 
Dilantin subjects. Sponsor's Table 6 shows all AEs, as well as those 
characterized as associated with test drug. 

38 



oo 
N .. 

0 F) 
~r 
"' () "'.· - "' TABLE 6. All and A.ssuciatt!d Adverse Events by Body System and Treatment "" " :...:. ~ 

( Numht!r ( %) of Exposures in Subjects) - '11 i3 V> N a.o -g 
(Page I of 4) ~~' 

"' ::::. ::r 13 t Plactbo Fosphcnytoin' Dilanlin 0 g Cl 
> BOOY SYSTEM/ N = 41 N = 211 N = S6 

::t ':S 
Preferred Tenn 0 ...... 

All Associaled All Associated All Asoociatcd 5·~ 

ANY BODY SYSTEM 14 t29.S) 12 t25.5) 141 (66.B) 136 (64.S) 38 (67.9) 36 (64.3) Ill b 
0 ..... 

NERVOUS 6 (12.8) 6 (12.8) 123 (58.J) 121 (57 .J) l2 (S7. I) J2 (57.1) e: t 
Nys101g1nl1s J (6.4) J (l;.4) SJ (25.1) SJ (25.1) 29 (Sl.8) 29 (S 1.8) 6 -
Dizzine,s 2 (4.J) 2 (4. J) 80 (37.9) 80 (J7.9) 20 (35.7) 20 (35. 7) ~ 

Pi'lrcs1he'.'iia I (2. I) I (2. I) 68 (32.2) 66 (J 1.J) II (19.6) 11 (19.6) 
Sornnoli.:nl-~ 0 f0.0) 0 fO.O) 7 (J.J) 7 (J.J) 0 (0.0) 0 (0.0) 

Alftllia 0 (0.0) 0 (0.0) 3 ( 1.4) 3 ( 1.4) 2 (3.6) 2 (3.6) 
Trc1nor 0 (0.0) 0 t0.0) 2 (0.9) 2 (0.9) 0 (0.0) 0 (0.0) 
lncoordination 0 (00) 0 (0.01 ) ( 1.4) 3 ( t.4) 0 (0.0) 0 (0.0) 

Hypcrtonia 0 (0.0) 0 10.0) 2 (0.9) 0 (0.0) 0 (0.0) 0 (0.0) 
S1upor 0 (0.01 0 (0.0) I (O.S) I (O.S) 0 (0.0) 0 (0.0) 

N 
Euphoria 0 \0.0) 0 \0.0) 5 (2.4) s (2.4) 3 (S.4) 3 (5.4) 'O 

Anxiety 0 (0.0) 0 (0.0) I (0.5) I (O.S) I (1.8) I (I.I) 

Hypcs!hcsi1 0 (0.0) 0 (0.G) J (1.4) J ( 1.4) 0 (0.0) 0 (0.0) 
Thinking Abnormal 0 (0.0) 0 t0.0) ) (1.4) 3 (1.4) 2 (3.6) 2 (3.6) 
Nervousness I (2. I l I (2.1) 2 (0.9) 2 (0.9) 2 (3.6) 2 (3.6) 
Abnormal G11it 0 (0.0) 0 (0.0) I (O.S) I (O.S) 0 (0.0) 0 (0.0) 
Oynrlhria 0 (0.0) 0 (0.0) I (0.S) I (O.S) 3 (S.4) 3 (S.4) 
Twilching 0 (0.0) 0 (0.0) 4 ( 1.9) 4 (1.9) 2 (3.6) 2 (3.6) 
Con\·ulsion 0 (001 () (0.11) I (O.S• I (0.S) 0 (0.0) I) (0.0) 
Circumornl Pareo;th~"'i" 0 (fl!)) 0 10 0) 2 (0.9) 2 (0.9) 3 (S.4) 3 (S -'!) 

CNS o~prcs'.'iion 0 (0.01 0 (0.01 I (0.S) I (O.S) 0 (0.0) 0 \0.0) 
A .. o;oci01h:-d = A~'ot·iah·d =--J,·cr"il! cvc111 .. arc 1hi: <''·<'nl.; l·c11t..,i<lcrcd hy lhe invesligalor lo be relalcd. prob11bly rel•ted. possibly re!aled. 

ur or unlno .... n ri:lalion,'1i;l lo lrtalllh.'111. 
I Jal a ro, '11hj\·~·1 .. in Slud.\ lift~ -4111 "ho rl"<l"i\ \0 11 holh f<,..phenyloin and rosphenyloin plus diazcpam are included as 2 sep1natc 
C'\(ln~uri:' i11 1h.: (1,..pli...·n~h1i11 l·ol11111n I );ita for "uhii:cl\ in StuJ}' 9R2·011 (or the periods during which they received diazcpam 
alone arc nul incl11Jl•J in lhi<i lahlc. 
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0 i'i 
'? r "' ,., 
V' / 

- "' TABLE 6. All and Asrnciatcd Adverse Events by Body System and Treatment "" "' .. / 

.... '11 i3 - _, I Number ( % ) of Exposures in St!bjects) V' N a.o 
- 0 

~ -l3 ' 0 (Page 2 of 4) ~ ::::. ii~ t Ploccbo Fosphenyloin• Dilontin 0 ::s Cl 
> llOOY SYSTf:Mi N = 47 N = 211 N • 56 

::s ':> 
Prt.fcrrcd Term 0 ...... 

All Associated All Associ•led All Associaled -· tJ ::s 0 

DODY AS A WHOLE 6 ( 12.8) s ( 10.6) 45 (21.J) 39 (18.S) 25 (44.6) 24 (42.9) In ' 8. 8 
Headache I (2.1) I (2.1) 26 (12.3) 24 (11.4) 8 (14.3) s (8.9) -· t 
Pain 0 (0.0) 0 (0.0) 2 (0.9) I (O.S) I (1.8) I (1.8) 3 -
Accidcnt1I Injury 0 (0.0) 0 (0.0) I (O.S) 0 (0.0) 0 (0.0) 0 (0.01 ~ 

lnjcc1ion-Si1c Rcaclion 2 (4.J) I (2.1) 4 (1.9) 3 ( 1.4) 7 ( 12.S) 7 (12.S) 
lnrec1ion 0 (0.0) 0 (l!.0) 0 (0.0) 0 (0.0) I (I.II) I (1.8) 

Injection-Sile Pain J (6.4) 3 (6.4) 4 (I. 9) 4 (1.9) 17 (30.4) 17 (30.4) 
A•lhenio 0 (C.0) 0 (0.0) 3 (1.4) 2 (0.9) 0 (0.0) 0 (0.0) 

,,.. Chills 0 (0.11) 0 (0.01 7 (J.J) 7 (J.J) 2 (3.6) 2 (3.6) 
0 

Ches! Pain 0 (0.0) 0 (0.0) I (0.S) 0 (0.0) 0 (0.0) 0 (0.0) 
lnjcclion-Silc lnna1nrna1ion 0 (0.0) 0 (0.0) 2 (0.9) I (0.5) 2 (3.6) 2 (3.6) 

"" Flu Syndrome 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I (I.II) I (I .II) 0 

Pho1oscnsitivi1y Reaction 0 (0.0) 0 (0.0) I (0.S) I (O.S) 0 (0.0) 0 (0.0) 

DIGESTIVE I (2.1) I (2.1) 24 (11.4) 2t (10.0) 10 (17.9) 10 (17.9) 
Nausea I (2.1) I (2.1) IS (7.1) 14 (6.6) 4 (7.1) 4 (7.1) 
Constipalion 0 (0.0) 0 (0.0) I (0.S) 0 (0.0) 0 (0.0) 0 (0.0) 
Vomiting 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I (I.I) I (I.I) 
Ory Moulh 0 (0.0) 0 (0.0) 6 (2.8) 6 (2.8) 4 (7.1) 4 (7.1) 
Dyspepsia 0 (0.0) 0 (0.0) I (0.5) I (O.S) 0 (0.0) 0 (0.0) 
Diarrhea 0 (0.0) 0 (0.0) I (0.S) I (0.5) 0 (0.0) 0 (0.0) 
Gaslrointeslinal Disorder 0 (0.0) 0 (0.0) I (0.SJ 0 (0.0) 0 (0.0) 0 (0.0) 

Associarcd = Associarcd 11dver~c cvenls 11re the cvcnls considered by lhc invesligalor lo be rclaled, probably related, possibly related. 
or or unknown relnlionship to lreahnenl. 

• Dalil ror suhjecls in Study 982-011 "'ho received bolh ror;phenyloin nnd rosphcnyloin phis diazcpam·are included l!S 2 !ICplrl(C 
cxpo!iurcs in the fosphcnytoin cohunn Data for suhjecls in S111dy 982-011 for the periods during which they received diazepam 
alone are nol included in rhi-; lable. 
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OQ "' .. an 
~r "' ') ~ --"' TABLE 11 All a11<1 Associalcd Adverse Eve111s by Body System and Treatment 00 "' .. -

... 'Tl !:l - ... I N11111hcr ( % ) of Exposures in S11bjec1s) ~ .... a. o -8 
(Page 3 of 4) g 49 ' 

~ 

::::. ::r ~ t Pl:u·c:ho fosphenyloin• Dilantin 0 g Cl 
> HOUY SYSTHll N = 47 N = 211 N = S6 

:I ';S 
Preferred lc:n~• 

All As!liociated All Associated All Anocialed ~· ;::! 
OIGESTIVF: (Con1inuedl In~ 8. .... 

Increased S;1liv:uion 0 (00) 0 (0.0) I (0.S) I (O.S) 0 (0.0) 0 (0.0) -· t c -Oy•phogi• 0 (00) Cl (0.0) 0 (0.0) 0 (0.0) I (1.8) I (1.8) 3 
Chcilitis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I (1.8) I (1.8) ~ 

CARDIOVASCULAR I (2. I) I (2.1) 6 (2.8) 6 (2.8) s (8.9) s (8.9) 

Hypolcn<ion 0 (0.0) 0 (0.0) J ( 1.4) J ( 1.4) 3 (S.4) 3 (S.4) 

~ 
Br•d)cardia 0 (0.0) 0 (0.0) 2 (0.9) 2 (0.9) 0 (0.0) 0 (0.0) - Arrhyllunia 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (l.6) I (1.8) 
Vasodilah•lion 0 (0.Q) 0 100) I (0.5) I (0.5) 2 (3.6) 2 (3.6) 
V•scul1r f)i~rdcr 0 (0.0) 0 (II.OJ I (0.5) I (0.S) 0 (0.0) 0 (0.0) 

Syncope 0 (0.0) 0 (0.0) I (0.5) I (0.5) 0 (0.0) 0 (0.0) .... 
He•rl Arrrst 0 (0.0) 0 (0.0) I (0.S) I (0.S) 0 (0.0) 0 (0.0) -
AV Blod Second IJegrec 0 (0.0J 0 (0.0) 0 (0.0) 0 (0.0) I (1.8) I (1.8) 

P•llor 0 (00) 0 (0.0) 0 (0.0) 0 (0.0) I (1.8) I (1.8) 
Phlebitis I (2.1) l (2. l) 0 (0.0) 0 (0.0) 0 (Q.0) 0 (0.0) 

SPECIAL SENSES I (2. I) I (2.1) SB (27.S) 51 (27.0) 17 (30.4) 16 (28.6) 

Tinnitus I (2.1) I (2.1) 29 (13.7) 29 (13.7) 9 (16.1) 9 (16.1) 
Ear Disorder 0 (0.0) 0 (0.0) 22 (10.4) 20 (9.S) I (14.3) I (14.3) 
T isle Perversion 0 (0.0) 11 (0.0) 10 (4.7) 10 (4.7) 0 (0.0) 0 (0.0) 
Amblyopia 0 (0.0) 0 (0.0) 3 ( 1.4) 2 (0.9) I (1.8) I (1.8) 
Alinonnal Vision 0 (0.0) 0 (0.0) 7 ().3) 7 (3.3) 4 (7.1) 4 (7.1) 

Associ•lcd = A•socialcd Ad•crsc e.enl< •« lhe <'•nls cc-osidcred by lhe invesligOlor lo be <elated, probably related, possibly related, 
or o( unknown relationship lo lrcallncnl. 

• Da111 ror subjccl~ in S1udy 9R2-011 "-ho received bolh ro!'phcnycoin and rosphcnytoin plus di•zcpam .•re included M 2 scp1r1le 
c•posurcs in th< fosphonytoin column. 0•1• for subjecl• in Study 982-U I I for lhe periods during which lhey received diazepam 
alone "re n~•l included in 1hi._ lablc. 
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-- "' TABLE Ii. All and Associated Adverse Events by Body System and Treatment "' "' ·- -- __, I N11n1her ( 3) uf Exposures in Subjects] ~ "' - 0 

'-' (Page 4 uf 4) ... 
J: Pl•r<ho Fosphenytoin' Dilantin 
> BODY SYSTHll N = 47 N = 211 N = 56 

Preferred Tenn 
All Associated All Associated All Assor;ated 

SPECIAL SENSES (continued! 

Diptopi• 0 (0.0) 0 (0.0) 2 (0.9) 2 (0.9) I (1.8) I (l.8) 

Hyper1cusis 0 (0.0) 0 (0.0) ' (0.S) t (0.S) t (1.8) t (1.8) • 
MydriHis 0 (0.0) 0 (0.0) I (0.S) I (O.S) 0 (0.0) 0 (0.0) 

Conjunctivilis 0 (0.0) 0 (0.0) I (O.S) 0 (0.0) t (1.8) 0 (0.0) 

Eor P•in 0 (0.0) 0 (0.0) I (O.S) 0 (0.0) 0 (0.0) 0 (0.0) 

SKIN ANIJ .. ii•ENOAGES I (2.1) I (2. I) 31 (14.7) 30 (14.2) 6 (10.7) 6 (10. 7) 

Prurilus 0 (00) 0 (0.0) 30 (14.2) 30 (14.2) t (1.8) I (t.8) 

Rash 0 (0.0) 0 (0.0) I (0 SJ 0 (0.0) I (1.8) 1 ( 1.8) 

Ur1ic11ria 0 (0.0) 0 (0.0) I (0.5) 0 (0.0) 0 (0.0) 0 (0.0) 

Swuting 0 (0.0) I) (0.0) 0 (0.0) 0 (0.0) ] (S.4) 3 (S.4) 
Conl•CI DcnnRlilis 0 (0.0) 0 (0.0) 0 (0_0) 0 (0.0) I (1.8) I (l.8) 

Skin Disorder I (2.1) I (2. I) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

RESPIRATORY I (2.1) 0 (0.0) 9 (4.3) 4 (1.9) I (1.8) 0 (0.0) 

Pharyngitis 0 \0.0) 0 (0.0) s (2.4) I (0.5) 0 (0.0) 0 (0.0) 

Hyperventilation 0 (0.0) 0 (0.0) 2 (0.9) 2 (0.9) 0 (0.0) 0 (0.0) 

Rhinitis I (2.1) 0 (0.0) 2 (0.9) I (O.S) t (1.8) 0 (0.0) 

UROGENITAL 0 (0.0) 0 (0.0) 2 (0.9) 2 (0.9) I (1.8) I (1.8) 

Urinotion Impaired 0 \0.0) 0 (0.0) l (0.9) l (0.9) I (I.I) I (I.I) 
Associated = Associnled adverse events are the events considered by the investi1ator lo be related, probably related, poaibly related, 

or o( unknown relationship lo lrealment. 
• Data for subjects in Study 982-011 who received both fosphenytoin and fosphenytoin plus diazepam are included as l 11tparate 

exposures in lhe fosphenyloin column. D•I• for subjecls in Sludy 982·01 I for lhe periods during which they received diazepom 
1tlonc are not included in 1his lahle. 
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The most common AEs for Fos were: 

Dizziness 38% 
Paresthesia 32% 
Nystagmus 25% 
Tinnitus 14% 
Pruritus 14% 
Headache 12% 
Ear disorder 10% 

Except for paresthesia and pruritus, the incidence for all the above AEs 
was equal to or less than that for Dilantin. 

Injection site pain was 2% for Fos vs 30% for Dilantin. Injection site 
reaction was 2% for Fos vs 13% for Dilantin. 

2.5 Rate-related AEs After IV Administration 

Some AEs were rate-related after IV administration in both Fos and 
Dilantin treated subjects. More informative, however, are the 
discrepancies between Fos and Dilantin treated subjects, situations where 
an AE was clearly rate-related for one treatment but not the other. 

Taste perveri;ion was rate-related for Fos, reaching 19% of Fos subjects 
when Fos was administered at 100-150 mg/min, but did not occur at any 
rate for Dilantin administration. 

Likewise, pruritus was rate-related for Fos, reaching 38% of Fos subjects 
when Fos was administered at 100-150 mg/min, but only occurred in a 
single Dilantin-treated subject. 

Paresthesia were rate-related for Dilantin as follows: 
0/12 cases at 15 mg/min or less 
0/14 cases at 15-30 mg/min 
11/30 (37%) cases at 30-50 mg/min 

Paresthesia were also rate-related for Fos as follows: 
3/54 (6%) at 15 mg/min or less 
3/17 (18%) at 15-30 mg/min 
18/62 (29%) at 30-50 mg/min 
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23/35 (66%) at 50-100 mg/min 
21/31 (68%) at 100-150 mg/min 

Note that at bioequivalent rates, 37% Oilantin subjects vs 68% Fos 
subjects reported paresthesia. Of course, the total dose was not 
controlled for in these comparisons. 

2.6 Dose-related AEs After IV Administration 

No new trends over those reported in the rate-related AE section are 
obvious here. Taste perversion and pruritus increase with dose (as 
opposed to rate) in the absence of any significant number of events in 
Dilantin subjects at any dose. 

2. 7 Clinical Labs 

The sponsor reports no clinically significant changes after Fos 
adminif.tration. Recall that most exposures in volunteers were single 
dose exposures. 

2.8 Injection Site Reactions 

Sponsor's Table 10 summarizes injection site reactions for the volunteer 
studies. Based on 102 Fos exposures and 39 placebo exposures, the profile 
of reactions for Fos and placebo are not significantly different. 97% of 
exposures in both groups resulted in none-mild reactions. For the 
Dilantin-exposures (n=32), 15% resulted in moderate reactions and 6% 
resulted in severe reactions. 

When rate-relatedness was examined, up to 23% of high-rate Dilantin 
exposures resulted in reactions. Reactions were not rate-related with 
Fos. Up to 43% of high-rate Dilantin exposures resulted in injection site 
pain. Pain was not rate-related with Fos. 

2.9 Vital Signs 

The IS$ does not address vital signs 1n volunteer studies. 
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TABLE 10. Eval11alio11 of h1fusio11·Si1e Reac1io11s: Subjecls (Parke-Davis Studies) 

(N11111h~r (%)of Exposures in Subjects] 

S111d) T rcal111cnl 
No. of L: '(lO'ilHC<; in t-.1axi1num Intensity or lnfusion·Sile Adverse Rcaclion 
Suhjcclc; [valua•e<l None Mild Modcrale Severe Missing/Nol Done 

982-012 Plocebo 6 6 ( 100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Fosph<nytoin (> (> ( 100 0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Dil1ntin 6 I ( 16. 7) 5 (83.3) 0 (0.0) 0 (0.0) 0 (0.0) ~ 

982·017 Oilanain 2 0 (0.0) 2 (100 0) 0 (0.0) 0 (0.0) 0 (0.0) 

982-018 Pl.cebo 21 20 (95. 2) I (4.8) 0 (0.0) 0 (0.0) 0 (0.0) 

Fosphenyloin 60 56 (93.J) J (5.0) I (I. 7) 0 (0.0) 0 (0.0) 

982 020 P:aceh~ 12 10 (83.3) I (8.3) I (8.3) 0 (0.0) 0 (0.0) 
n 

fo<phenyloin 12 8 (66. 7) 3 (250) I (8.3) 0 (0.0) 0 (0.0) 

Dil11nlin 12 2 ( 16 7) 4 (33.Jl 4 (33.3) 2 ( 16. 7) 0 (0.0) 

982·024 Fo~phenytoin 24 18 (7S.0) 6 (25.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Dilanlin 12 0 (0 0) II (91. 7) I (8. 3) 0 (0.0) 0 (0.0) 

Tolal Placebo 39 36 (92.3) 2 (S. I) I (2.6) 0 (0.0) 0 (0.0) 

fospheny1oin 102 88 (86.J) 12 (11.8) 2 (2.0) 0 (0.0) 0 (0.0) 

Dil!Ullin J2 3 (9.4) 22 (68.8) s (15.6) 2 (6.3) 0 (0.0) 



2.10 Conclusions From Normal Volunteer Studies 

The great majority of data collected in normal volunteers is applicable to 
the IV bolus situation (at varying rates). in the categories severe AEs, all 
AEs, rate-related AEs, and dose-related AEs, there is a consistent trade
ott between the occurrence of local injection site reactions and pain with 
IV Dilantin and the occurrence of generalized paresthesia and pruritus 
with IV Fos. 

Paresthesia are reported with IV Dilantin, but only at high rate or high 
dose. Even at high rate or high dose though, the incidence of paresthesia 
is less than expected for Dilantin given the incidence for Fos. Taste 
perversion is an additional AE that appeared for Fos subjects but not 
Dilantin subjects. 

The sponsor does not address the reversibility of Fos-associated 
paresthesia, pruritus, and taste perversion directly in the ISS. 
Statements are made to the effect that these 3 AEs tend to be limited to 
the post-infusion times. Whether some subjects continued with these AEs 
is not directly obvious from reading the ISS. 



.. 
3.0 Completed Studies in Patients 

534 patients participated in completed clinical studies. The breakdown of 
these 534 patients has been presented &bc.ve in "Sl'lclion 1.0 Exposure." 
In the ISS, the sponsor presents different cross-sectional views of AE 
data, but each is inadequate for not accounting for other relevant 
variables. For instance, a breakdown by route of administration does not 
account for whether the individual patients were given loading doses or 
maintenan~e doses. For this reason, I believe that only individual study 
reports &re interpretable. Even these present problems by not controlling 
for rate and dose in may circumstances (see individual study reviews). 

The appropriateness of combining results from different studies in 
patients even when ostensibly the same medications were given by the 
same route and same dosing regimen (loading vs maintenance) can be 
questioned. For instance, patients in Studies 15 and 21 received IV 
loading doses of Fos or Dilantin. But the AE profile for the Dilantin arms 
of the two trials differ significantly (see tables of common AEs from 
these 2 trials on following pages). One possible explanation is that one 
study was in neurosurgical patients and the other in epilepsy patients. 

In Study 21 in epilepsy patients, nystagmus, dizziness, vertigo, and ataxia 
are reported in 38%, 38%, 23%, and 15% of patients respectively. In Study 
15 in neurosurgery patients, the same AEs are reported in 14%, 11 %, 0%, 
and 7% of patients respectively. All these AEs would be more likely to be 
ascertained in an ambulatory, alert population like the epilepsy 
population. 

3.1 Ail AEs 

Sponsor's Table 12 presents all AEs occurring in patients in ccmpleted 
studies. Suffice it to say that no alarming safety concerns arise !n 
reviewinr, data presented this way. At the same time, no convincing 
advantages of Fos over Dilantin emerge. 

While in1ection site pain is reported in 1.5% of Fos patients and €.9% of 
Dilantin patients, the comparability of rate and dose of administration 
between groups is not obvious. Likewise, while injection site reaction is 
reported in 2.8% of Fos patients and 4.9% of Dilantin patients, the rates 
and doses may not be comparable. Note that when data is grouped as it is 
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TABLE 12. All and Associated Adverse Events Occurring in ~ 1 'J(. of Patients 
by Body System and Treatmen~b 

[Number ('l£,) of Patients] 
(Page 1 of 2) 

BODY SYSTEM/ 
FmpbmyloiD Dila1uin 

Prefened Term 
N • 534 N • 102 

All Auocialecl All Associa1ed 
NERVOUS 

Nystagmus 99 (.11.S) 71 (13.3) 14 (13. 7) 7 (6.9) 
Dizzir."55 48 (9.0) 43 (I.I) 10 (9.1) 9 (8.~) 

AW<ia 48 (~1.0) 20 (3.7) 9 (8.8) 2 (2.0) 
Somnolence 4S (8.4) 2S (4.7) 10 (9.1) 8 (7.8) 
Tremor 31 (S.B) 19 (3.6) 9 (8.8) ·s (4.9) 
lncoordina1ion 28 (S.2) IS (2.8) 4 (3.9) 2 (2 0) 
Paresthesia 26 (4.9) 19 (3.6) 3 (2.9) 2 (2.0) 
Neuropaihy 2S (4.7) 2 (0.4) 4 (3.9\ 0 (0.0) 
Reflexes Increased 16 (3.0) I (0.2) 3 (2.9) 0 (0.Q) 
S~h Disorder IS (2.8) 4 (0.7) 3 (2.9) 2 (2.0) 
Hypenonia 12 (2.2) 2 (0.4) 0 (0.0) 0 (0.0) 
Reflexes Decreased 10 ( 1.9) 2 (0.4) 4 (3.9) 2 (2.0) 
lntracranial Hypenension 9 (1.7) 0 (0.0) 0 (0.0) 0 (0.0) 
Stupor 8 (l.S) 3 (0.6) 1 (1.0) 0 (0.0) 
Anxiety 7 ( 1.3) 2 (0.4) 0 (0.0) 0 (0.0) 
Confusion 6 (I. I) 2 (0.4) 0 (0.0) 0 (0.0) 
Aguation 6 (I. I) 0 (0.0) ( 1.0) 0 (0.0) 

BODY AS A WHOLE 
H .. dache 41 (7.7) 13 (2.4) 6 (S.9) : (2.0) 
Fe\'Cr JS (6.6) 0 (0.0) 6 (S.9) 0 (0.0) 
Pain 29 (S.4l 10 (I. 9) 2 (2.0) 2 (2.0) 
Accidental Injury " (4.1) 2 (0.4) 7 (6.9) : c:.oi 
Infection 17 C3.2) 0 (0.0) s (4.9) 0 (0.0) 
lnJcc11on-Si1e Reac11on IS 12.8) 10 (I. 9) s (4.9) 2 (2.0) 
A~1hc:n1a 9 (I. 7) 7 ( 1.3) 2 (2.0) I ( 1.0) 
Ba.cl Pa.111 9 ( I. 7) I (0.2) 0 (0.0) 0 (0.0) 

Face Edema 9 (I. 7) 0 (0.0) 4 (3.9) 0 (0.0) 
Injection-Site Pain 8 ( l.Sl 7 ( 1.3) 7 (6.9) 1 (6.9) 

Reaction Unevaluable 7 ( 1.3) 2 (0.4) ( 1.0) I ( 1.0) 

Sepm 1 ( 1.3) 0 (0.0) ( 1.0) 0 (0.0) 

DIGESTIVE 
Nausa 30 (S.6) 12 (2.2) 6 <S.9l ) ().0) 

C'onsupation 26 (4.9) 2 (0.4) 3 (2.9) 0 (0.0) 
Vom1t1n~ 11 (3.2) 2 (0.4) s (4 9) 0 COO) 

• Assocu1ced adverse events are the events considered by the inv1:1tigator to be related. probably 
relaled. possibly relaled. or uf unknown relationship to tratme~.t. Events occurring :n ~ I~ of 

,, pallents were based upon all advene events occurring in fosphenycoin·tre.ated pallenlS 
Sec Appendix. B. 2 for a complete listing of all and associated adverse events. 
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TABLE 12. All and Associated Adverse Events Occurring in ~ I % of Patients 
by Body System and Trmtmeni&•b 

[Number(~) of Patients] 
(Page 2 of 2) 

BODY SYS'JCM/ 
Fospbeaytoia Dilantin 

N • 534 N • 102 -Preferred Term 
All Associ&led All As.sociated 

CARDIOVASCULAR 
Hypotensioo 13 (2.4) 4 (0.7) 3 (2.9) 2 (2.0) 
Hypenensioo 10 (1.9) I (0.2) 2 (l.O) 0 (0.0) 
Tachycardia 9 (I. 7) 0 (0.0) 2 (2.0) 0 (0.0) 
Bradycardia 7 (1.3) 0 (0.0) 0 (0.0) 0 (0.0) 

SKIN AND APPENDAGES 
Pruritus 27 (5.1) 24 (4.5) 0 (0.0) 0 (0.0) 
Rash 7 ( 1.3) (0.2) 2 (2.0) ( 1.0) 

HEMIC AND LYMPHATIC 
Ecchymosi• 30 (5.6) 13 (2.4) 4 (3.9) 2 (2.0) 

SURGERIES/PROCEDURES 
Surgeries/Procedures 26 (4.9) 0 (0.0) s (4.9) 0 (0.0) 

1>.ESPIRATORY 
Pneumonia 10 (I. 9) 0 (0.0) 6 (5.9) 0 (0.0) 
Lung Disorder 7 ( 1.3) 0 (0.0) ( 1.0) 0 (0.0) 

UROGENITAL 
Unnary Relention g ( \.5) 0 (0.0) 3 (2.9) 0 (0.0) 
Urinary Tract Infection 6 (I. I) 0 (0.0) 2 (2.0) 0 (0.0) 

MUSCULOSKELET AL 
~1ya.sthen1a 'I (1.1) (0.2) 2 (2.0) 0 (0.01 

SPECIAL SENSES 
Amblyopia 9 (I. 7) 4 (0. 7) 3 (2.9) 3 C2.Q) 

METABOLIC AND NUTRITIONAL 
H' pokalemi• 8 (I.SJ 0 (0.0) 2 (2.0) 0 (0.0) 

• Associated adverse events are che events considered by the investigator to be related. probably 
rolaied. possibly related. or of unknown relation•hip to treatment. Events occurring in 2: I% of 

h 
patients were based upon all adve1"Se events occurring in fosphenytoin·treated patients. 
Se~ Appendix 8.2 for a complete listing of all and assoc ~ted a:lvene eve.ntJ. 
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~ . 
here for all patients, the term "injection site" could apply to either IM or 
IV injection site ~ 

On page 48 of the ISS, the sponsor describes the experience with 
paresthesia and pruritus in more detail. For 13 patients treated with IV 
Fos, the investigator chose to manage the events by changing the infusion 
rate or administering medication (steroids or antihistamines). The 
number ot events after IM Fos is not stated here, but no interventions 
were utilized. One patient withdrew because of severe pruritus that 
occurred with severe allergic reaction (Pt 13, Study 13, Center 1 ). 

Also on page 48, the sponsor reports that in completed patient studies, 
discrepancies between Fos and Dilantin treated patients with regard to 
pruritus and paresthesia were not as great as in the normal volunteer 
studies. This fact is misleading because the 2 different comparative 
studies in patients report!.'d different experiences. With regard to 
paresthesia, Study 21 reported a 10% vs 0% incidence in paresthesia in 
favor of Dilantin. With regard to pruritus, Study 21 reported a 31 % vs 0% 
incidence in pruritus in li.wor of Dilantin. In short, in some patient 
studies, discrepancies in Fos and Dilantin treated subjects with regard to 
paresthesia and pruritus were as great as or 9re3tGr than those seen in 
the normal volunteer studies. 

3.2 Common AEs Within the Two Active-Control Trials 

The 2 active·control trials in the NDA differ in two respects: first, one 
had only an IV loading dose while the other had an IV load followed by IV 
maintenance dosing; second, one was in neurosurgery patients and one was 
in epilepsy patier.ts. 

When the 2 Dilantin-control trials (Studies 15 and 21) are looked at 
separately, the Magnitude of the discrepancies between Fos and Dilantin 
for certain AEs varies. 

Fr,r all studies combined, pruritus was reported in 5% Fo~ patients and 0% 
,Jilantin patients. In Study 15 (neurosurgery patients), pruritus was 
reported in 6% Fos patients and 0% Dilantin patients. But in Study 21 
(epilepsy patients), pruritus was reported in 31 % Fos patients vs 0% 
Dilantin patients. 
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11 TABLE 16. Most Frequent Adverse Events With IV Administration 
to Neurosurgical Patients (Study 0 82-015) 

[Number (%) of Patients] 
BODY SYSTEM/ Fospbeny10in Dilantin 

Advene Event "' • 88 N • 28 
NERVOUS 

Nystagmus 12 (13.6) 4 (14.3) 
Neuropatby .9 (10.2) 4 (14.3) 
Reflexes 1.ncrased 7 (8.0) 0 (0.0) 
Dizziness 6 (6.8) 3 (10. 7) 
Somnolence 6 (6.8) 3 (10. 7) 
Speech Disorder s (5.7) (3.6). 

BODY AS A WHOLE 
Fever ll (12.5) 6 (21.4) 
Face Edema 7 (8.0) 4 (14.3) 

Injection-Site Reaction ~ 6 (6.8) s (17.9) 

Infection 6 (6.8) 2 (7_ I) 

DIGESTIVE 
Constipation II (12.5) 3 (10. 7) 

Nausea 9 ( 10.2) 4 (14_)) 

• v lmiting G (6.8) 5 (17. 9) 

CARDIOVASCULAR 
Tachycardia 7 (8.0) 2 (7. I) 

Hypotension 6 (6.8) 2 (7.)) 

S!-;IN AND APPENDAGES 
Pnlritus - 5 (5.7) 0 (0.01 

SURGERIES/PROCEDURES 
Surgeries/Procedures 9 ( 10.2) 3 (10. 7) 

RF.:SPIRATORY 
Pneumonia 6 (6.B) 6 (21.4) 

UROGENITAL 
Urinary Relention 7 (8.0) 3 ( 10.7) 

M USC\JLOSKELET AL 
Myasthenia 7 (8.0) 2 (7. I) 

METABOLIC AND Ntn'RITIONAL 
H ypokalemia 8 .. (9. I) 2 ( 7. I I 

0 1CLC1RR\7200344 J A 
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TABLE 15. Most Frcquent Adverse Events With IV Administration to 
Patients With Epilepsy (Study 982-021) 

[Number ($) of Patients) 
BODY SYSTE.MI Fospbellytoin Dilanlill 

Adverse Eveiil N • 39 N • 13 

NERVOUS 
Nystagmus 11 (46.2) s (38.5) 

Diz:zilless 10 (25.6. s (38.S) 
Ataxia 7 (17.9) 2 (l~.4) 

Vertigo 4 (10.3) 3 (23.1) 
Paresthesia -- 4 (10.3) 0 (0.0) 

Tremor - 3 (7.7} 0 (0.0) 

N europathy .- 3 (7.7) 0 (0.0) 

Somnolence 2 (S.l) I (7.7) 

S~b Disorder 2 (S.I) 2 (IS.4) 

BODY AS A WHOLE 
Headache 7 (17.9) I (7. TJ 
Pain s (12.8) (7.7) 

Rcaotion Unev&luable 4 (10.3) I (7.7) 
Chills 2 (S.I) 0 (0.0) 

Chest Pain 2 (S. I) 0 (0.0) 

CARDIOVASCULAR 
Hypotensioo 3 (7.7) (7.7) 

SKlN ANO APPENDAGES 
Pruritus - 12 (30.8) 0 (0.Q) 

SPECIAL SENSES 
Amblyopia 4 (10.3) 3 \23. J) 

Ev Disorder 2 (5. I) 0 (0.0) 



~. 

Overall, in Study 21, the big differences in AEs between Fos and Oilantin 
occurred for pruritus (31 vs O %), paresthesia (1 O vs O %), neuropathy (8 
vs 0 %), and tremor (8 vs O %). 

Overall, in Study 15, the big differences in AEs between Fos and Dilantin 
occurred for pruritus (6 vs 0 %), increased reflexes (8 vs 0 %), and 
injection site reaction (7 vs 18 %). 

Note that injection site reactions were not unusual in Study 15 and 
demonstrated a difference between Fos and Dilantin. In Study 21, only a 
single injection site reaction was reported (it happened to be in a Fos 
patient) :>o that no difference between Fos and Dilantin was really 
demonstrated. In all likelihood, this difference between studies was 
because Study 21 was only a single dose study while Study 15 
incorporated a loading dose followed by several days of maintenance 
dosing. (Another alternative explanation is that the Dilantin rates in 
Study 21 wece lowered in 5 patients because of local pain, thereby 
decreasing the later emergence of injection site reactions in those 
patitrnts.) 

One might infer fr;:im the last paragraph that, for IV dosing, the advantage 
of Fos ave• Diiantin with regard to local tissue reactions is confernd only 
upon patients ,vho receive maintenance dosing. However, in both Study 15 
and Study 21, .he rates of infusion of th~ loading doses were so low as to 
contribute almost nothing to our understanding of IV loading in an 
emergent setting i.e. status epilepticus where the bioequivalent rate of 
1 00-150 mg/min should be approached. In those situations of rapid 
infusion, local 1njection site reactions might occur with both Dilantin and 
Fe 3, perhaps even with an advantage for Fos. Unfortunately, a head-to
head comparison of Dilantiri and Fos in comparable rapid infusions has only 
recently begun. Until that study is completed, no definitive statements 
about a Fos advantage over Dil;-ntin for injection site reactions in 
emergent settings can be made. 

3.3 C .>mm on AEs in IV Maintenance Study 

The only study that really speaks to the safety of IV maintenance therapy 
1s Study 15. As alluded to previously, this study in neurosurgic:al patients 
appears to underrepresent (in the face of comparable dose and rate) 
certain AEs which were shown in anot~er study (Study 21) to oc.~ur with 
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hiph frequency in another population (epilepsy). 

If e.11:posure is assumed to be the same after IM maintenance therapy in 
neur . .,surgery patients, Study 14 (uncontrolled) can also be used to support 
IV mllintenance therapy and, alternatively, Study 15 can be used to support 
IM maintenance therapy (albeit without the local IM safety data). 

3.4 "~'Uow" Loading Doses 

For all their differences, there are 4 studies (2 active-control and 2 
uncontrolled) which support subacute loading doses. Studies 14 and 15 
were oerformed in neurosurgery patients and studies 21 and 22 were 
perform~d in epilepsy patients. Studies 15 and 21 had IV loading doses 
while stt~die.s 14 and 22 had IM loading doses. 

3.5 "Rapid" IV Loa<:ling Doses 

Only one study, Study 16, really addresses the safety of IV loading doses 
in status epilepticus. This was an uncontrolled study. 

Some comparative safety data on IV loading is accrued in Studies 15 and 
21 and, although bioequivalent rates were only rarely achieved in those 
studies, do provide some picture of comparative safety. 

In particulc;r, one concern might be that significant AEs might be missed 
in Study 16 if the patients with status epilepticus were too obtunded to 
report them. In Study 21 in epilepsy patients, obtundation is not a 
problem so Iha\ reporting rates for some AEs would be expected to be 
higher, albeit witn the less-than-bioequivalent rates. 

This indication is also the subject of a new active-control trial with 
Oilantin in which bioequivalent rates will be maintained. 

3.6 Rate-related AEs After IV Administration 

As in the normal volunteer studies, paresthesia and pruritus were rate
related AEs in Fos patiento. At (ates that might be bioequivalent, Dilantin 
patients had a 3-fo\d less incidence of paresthesia and no cases of 
pruritus (compared to a 28% incidence of pruritus in Fos patients). 
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3. 7 Severe A Es 

Across all patient studies, there were 39 severe AEs among 534 Fos 
treated patients (7%). These AEs included ataxia, dizziness, somnolence, 
pain, nausea, ecchymosis, paresthesia, and pruritus. 

3.8 Frequent AEs by Gender 

Paresthesia and nystagmus were more common in men. Headache, 
pruritus, somnolence, and ecchymosis were more common in women. 
However, the sponsor has not adjusted the gender analysis for dose, rate, 
route, or clinical setting. 

3.9 Frequent AEs by Age 

Except for somnolence, the incidence of AEs in Fos patients was no 
different for the 40-65 year old group compared to the > 65 year old group 
(n=67). Somnolence was more common in the > 65 age group. However, the 
sponsor has not adjusted the gender analysis for dose, rate, route, or 
clinical setting. 

3.10 Frequent AEs by Race 

404 patients were white and 110 patients were black. 20 remaining 
patients represented other races. Headache, nausea, and paresthesia 
showed discrepant rates between white and black patients. Paresthesia 
occurred in 6% or 'Nhite patients and only 1 % of black patients. However, 
the sponsor has not adjusted the gender analysis for dose, rate, route, or 
clinical setting. 

3.11 Clinical Labs 

No overall pattern of change in laboratory values emerges for any of the 
parameters reported by the sponsor in the ISS. More detailed reviews of 
patients with extremely high or low values of lab parameters did not raise 
any additional concern. Recall that many patients were only treated with 
a single loading dose of Fos and many patients had concomitant conditions 
that would be expected to cause some lab abnormalities. No pattern of 
change in serum phosphorus was noted. 
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3.12 IM Local Tolerablllty 

Of the 357 pati9nts who received at least one IM injection, there were no 
severe injection site reactions. Two moderate injection reactions 
occurred and thirty-one mild reactions occurred. 

3.13 IV Local Tolerability 

Of the 127 patients who received at least one IV injection, there were no 
severe infusion-site reactions. There was one moderate reaction and nine 
mild reactions. 

3.14 Deaths, Serious AEs, and Withdrawals 

Eleven Cerebyx treated patients died. Ten of these deaths occurred in 
neurosurgery studies or status epilepticus studies. A review of these 
deaths raises no new concerns about Cerebyx. None of the deaths can be 
reasonably attributed to Cerebyx. 

A review of the serious AEs and the withdfawals raised no new concerns 
with regard to Cerebyx. The serious AEs that occur with Dilantin may also 
occur with Cerebyx. 

4.0 Study 16: .Ongoing Study in Status Epllepticus 

No new safety issues were defined in this uncontrolled study. See the 
review of the study for additional information. The two safety updates 
add additional information about this study. 
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Review and Evaluation of Clinical Data 
NOA 20-450 

Sponsor: 
Drug: 
Proposed Indication: 
Material Submitted: 
Correspondence Date: 
Date Received: 

Parke-Davis 
Fosphenytoin IV 
Epilepsy 
4-Month Safety Update 
June 22, 1995 
June 23, 1995 

As per the adopted convention, all Fos doses and rates are expressed as mg 
phenytoin equivalents in this review. 

The cut-off for the safety database for this submission was Feb 22, 1995. 
Additionally, all deaths and serious adverse events through May 15, 1995 
are reoorted. 

In fact this SU only adds data on 12 additional patients, patients who 
were enrolled in the ongoing study of status epilepticus (SE). Thus a total 
of 66 pts with SE are included in the SU as opposed to 54 in. the NDA. The 
SU presents cumulative data on exposure to Fos, demographics, safety, 
deaths, withdrawals due t·.:> AEs, and serious AEs for the 861 participants 
in trials. Also, AE data tor the 90 participants exposed to Fos at doses of 
at least 1 Omg/kg and rates. of at least 1 OOmg/min were examined. 

Tha table below summarizes cutoff dates and patient numbers for the NOA 
and this SU: 

NOA SU 1 

Population 
-

Total Enrolled 849 861 
-

Exposed to Fos 736 748 

Cutoff Dates 

General Safety Sept 1, 94 Feb 22, 95 

Deaths/Serious AEs Nov 18, 94 May 15, 95 
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Deaths and Serious AEs from NOA Cutoff Until Feb 2l, 1995: 

Deaths: One additional death occurred since the filing of the NOA. 
Patient 16 from Study 16, died from an intracranial bleed that was 
present prior to Fos administration. 

Serious AEs: Four additional pis had serious AEs between NOA cutoff 
and Feb 22, 1995. Pt 16 from Study 16 is mentioned above under the 
category "deaths." Pt 20 from Study 16 developed apnea, CHF, and 
pulmonary edema. The pt had been treated for SE in the setting of a 
subdural hematome.; a history of IDDM was obtained. Apnea occurred on 
day 2 and CHF on day 3. Pis 21 and 22 from Study 16 both developed 
postictal psychosis. All 3 pis with nonfatal serious AEs recovered. 

Withdrawals: No pis were withdrawn from Study 16 since the NOA was 
compiled. 

Deaths and Serious AEs from Feb 22, 1995 Until May 15, 1995: 

Deaths: One additional death occurred. Pt 1 from Study 26 (an ongoing 
active control study of IV loading with Fos vs IV loading with Dilantin) 
developed cryptococcal meningitis in the setting of AIDS and died. 

Serious AEs: Pt 2 from Study 26 was hospita1ized for AED toxicity, 
which the investigator considered severe and possibly related to study 
medication. 5 days after treatment in the ER for seizures, the pl was 
admitted with phenytoin toxicity manifested by ataxia with a level of 30; 
he had been taking maintenance phenytoin, 400 mg/day. 

Note: Sponsor's Appendix C.2 (not included) ta:.iula'ies all deaths, serious 
AEs. and withdrawals because of AEs for the ND.ti and through May 15, 95. 



Demographics: The demographics of the pts with SE do not change with 
the addition of the 12 pts. 

Adverse Events: The AE tables on page 6-7 of the SU (not included) 
encompass all 748 subjects/pts exposed to Fos. Such a table is fairly 
uninformative, given the different routes of administration included. The 
addition of 12 pts to the 736 reported in the NOA did not change the AE 
profile. 

More relevant is the updated list of all AEs (as well as those deemed 
associa!ed with use of drug) from Study 982·16 which occurs as 
Appendix B.1 (not included) of the SU. The 12 additional pts with SE were 
treated under this protocol, with pts receiving IV loading doses of Fos. 
The predominant (>5%) AEs in Studt 16 are nystagmus (29%), headache 
(15%), ataxia (14%), somnolence (12%), agitation (12%), vomiting (11 %), 
pruritus (9%), dizziness (8%), dysarthria (6%), and fever (6%). 

Vital signs: Sponsor's Appendix B.2 from the SU (not included) provides 
the incidence of changes in systolic BP >20 mmHg from Study 16. 37/65 
(57%) pts had such a decrease. The sponsor further divides this group by 
those with a "symptomatic decrease," associated with the AE dizziness, 
vertigo, lightheadedness, or hypotension. 

Infusion site evaluations: Appendix B.3 (not included) from the SU 
provides the incidence of local skin reactions from Study 16. Data are 
grouped for 24-hour posttreatment or discharge. If both 24 hour data and 
discharge Jata are available, it is not clear how the sponsor chose one 
over the other. The way the data are collected, mild tenderness, swelling, 
bruising, and erythema are reported for 3-8% of pts. One pt had moderate 
bruisir>g. 

Clinical lab data: The sponsor states that no clinically significant 
changes were noted for the 12 additional pts in the SU. 
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Cohort of Patients Adequately Loaded IV: Sponsor's Appendix D.1 
(not included) tabulates patients/subjects treated with Fos at doses 
>10mg/kg and rates > 100mg/min. 105 individual exposures are listed. 
15 normal volunteers had 2 exposures at either different doses or 
different rates; therefore a total of 90 individual subjects are 
included. 

37 of the exposures were in normal volunteers, so that 68 patients were 
treated in this cohort. 51 of these pts came from Study 16, a study of SE. 
17 came from Study 21, a study in pts who simply "required a loading dose 
of phenytoin." The 12 new treated pis in this SU all came from Study 16, 
but only 11/12 are included in this cohort of hi'.Jh dose/high rate pts. 

At this point in time, only 35 individuals have been dosed at 
1 Smg/kg or greater, as well as 150mg/min. 

Sponsor's Tables 5 and 6 summarize the breakdown of AEs by dose and 
rate for the 90 individual subjects exposed. (Note that these Tables were 
reformatted by the sponsor at my request so that pts treated at the higher 
doses and rates are not included in the columns for the lower doses and 
rates as they were in the original tables.) The sponsor concludes that "an 
increased incidence of AEs was not shown for successive increments of 
participants in this subgroup treated with increasing doses and rates. In 
particular, cardiovascular events occurred at a similar incidence across 
groups and did not app<'ar lo be related to the dose or rate of fosphenytoin 
administration." 

However, there are several problems with inferences drawn from Tables 5 
and 6. First, the denominators at any dose or rate window will be low, so 
that we cannot be sure we have captured the true AE profile with any 
certainty. Second, there is no control group. In particular, it would be 
interesting to compare the AE profile between pts randomizt..d to 
phenytoin at 50mg/min vs Fos at 150mg/min. This latter information is 
being collected in the sponsor's ongoing study, Study 26. Finally, recall 
that these pts are often obtunded and cannot report some AEs that an 
awake, alert pt could report. 

Literature Review: The sponsor's literature review covers the time 
period through March 10, 1995. One report of phlebitis in a Fos treate:d pt 
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is included. The sponsor maintains that, because of the mild tenderness 
alone, a clinical diagnosis of phlebitis was not applicable. This is an 
important issue in that the sponsor has proposed a lower incidence of 
phlebitis with Fos than with parenteral Dilantin. 

Sponsor's Conclusions: The sponsor maintains that the safety profile 
has not changed with the additional information provided in the SU. The 
sponsor maintains that: 

1. Overall, the AE profile of Fos is similar to that of parenteral Dilantin. 

2. IV Fos is associated with fewer infusion site reactions than IV 
Dilantin (i.e. less pain and burning). 

3. IM Fos produced no more injection site reactions than placebo. 

4. High-dose, high-rate Fos IV (i.e. the bioequivalent dose and rate) has no 
more AEs associated with it than lower-dose, lower-rate Fos. 

Reviewer's Conclusions: No sigr.ificant change in the safety profile of 
Fos has arisen with the addition of the 12 new patients. The sponsor's 4 
points above can be addressed as follows: 

1. The AE profiles of Fos and parenteral Dilantin must be compared by 
route of administration. Further, only randomized trials that are 
adequately powered to detect a difference between treatments can truly 
assess the comparability of treatments. 

2. IV Fos at high-dose, high-rate administraticn (the bioequivalent dose 
and rate) has only been given to 35 individual,,. The sponsor's literature 
review demonstrates that IV Fos is not without some risk of local 
irritation; any estimate uf the incidence of infusion site reactions must 
be so imprecise as to preclude any statements in favor of Fos. 
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3. The statement about IM Fos may be correct based on a study where IM 
maintenance therapy was studied. Whether this holds true for IM loading 
with Fos is unknown. 

4. The !"Opulations of pts that received high-dose, high-rate Fos and 
lower-dose, lower-rate Fos may be so different as to preclude any 
statements about the safety of one regimen vs the other. (I suspect that 
pts with SE were more likely to receive the more aggressive regimens. 
These pts might be sicker on average and thus less likely to report events 
such as dizzin ~ss or tinnitus.) Only a randomized study can answer this 
question. 

Looking at IV loading doses alone, Fos, at the bioequivalent dose and 
rate, has the potential to cause local reactions and has been shown to 
cause hypotension (as defined by > 20mmHg drop in SBP) in 57% of pis. 
The advantages of IV Fos are: 1) It can be given in 1/J the time required 
to give an equimolar dose of Dilantin; and 2) It is more compatible with 
other IV fluids and drugs than Dilantin. 

IV maintenance Fos has the same two advantages over Dilantin. 

IM loading with Fos is tolerated, while Dilantin is reported to cause 
local irritation and unpredictable systemic absorption. The SU has not 
changed the database to either support or refute the use of IM loading with 
Fos. 

IM maintenance with Fos presents the same situation as IM loading. 
Again the SU has not changed the position of Fos in this regard. 

cc: 
HFD-120 
NOA 20-450 

John Feeney, M.D. 
Medical Reviewer 

H FD-120/Leber/Katz/Feeney/Nighswander 
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Dose (mg/kg) 

2!:10 to <IS 

2!:15 

kEFORMATfED TABLE 5. Number of Subjects and Patients 
Exposed to Fosphenytoin at High Doses and Rates 

SUI 
Infusion Rate (mg/min) 

2!:100 to < 150 

19 

21 

15 

35 

~150 
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REFORMATTED TABLE 6 (a). All Adverse Events Occ11rring i11 ~5% 
of Subjects or Patients Who Received 
IV fosphenytoin, by Rate and 
Increments of Dose 

[Number(%) of Participants] 
(Page I of 4) 

SUI 

BODY S'tsrEM/ 
FOS al !:100 to 150 mg/min 

Ptt:fcrttd Term ?:10 to <: tS mg/kg ?lS ;gjkC 
N • 19 N = 21 

ANY ADVER.'il! EVl!Nr 18 (94.7) 21 (JOO) 

Nl!RVOUS 

Nystagmus 7 (36.8) II (52.4) 

Dizziness 7 (36.8) 5 (23.8) 

Parestt!esia 4 (21) 6 (28.6) 

Somnolcnec 0 (0) 3 (14.3) 
A111xia 0 (0) 6 (28.6) 

BODY AS A WHOLI! 
Headache 6 (31.6) 6 (28.6) 

DIGl!SDVI! 
Nausea I (5.3) I (4.8) 

SPl!OAL Sl!NSl!S 
Tinnitus I (5.3) I (4.8) 

S1t1N AND APPllNDAGl'S 

Pnuitus 7 (36.8) 5 (13.8) 
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REFORMATfED TABLE 6 (b). All Adverse Events Occurring in ~5% 
of Subjects or Patients Who Received 
JV Fosphenytoin, by Rate and 
Increments of Dose 

(Number (%) of Participants! 
(P1ge 2 of 4) 

SUI 

BODY SYSTEM/ 
FOS 11 ~ ISO mg/mi~ 

?'10 10 <IS mg/kg ?IS mg/kg 
Frefcrrcd Term 

N •IS N • 3S 

ANY ADVERSI! !!VENT 14 (93.3) 32 (91.4) 

NERVOUS 

Nyst1gmus 9 (60) 14 (40) 
Diu:incss 6 (40) 6 (17.l) 

P•rc:s1hcsia 4 (26.7) 6 (17.1) 

Somnolence 2 (13.3) 2 (S.7) 

Ataxia 2 (13.3) I (2.9) 

BODY AS A WHOLI! 
H.!adache s (J3.3) 1 (2.9) 

DIGf!SJlVJ! 

Nausea I (6.7) 1 (2.9) 

SPl!OAL Sl!NSl!S 
Tinr;icus 2 (13.3) I (1.9) 

SICIN AND APPl!NDAGl!S 
Prurilus 7 (46.7) s (14.3) 
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REFORMATTED TABLE 6 (c). All Adverse Events Occurring in ~5% of 
Subjects or Patients Who Received IV 
Fosphenytoin, by Dose and Increments of 
Rate 

(Number (%) of Participants] 
(Page 3 of 4) 

SUI 

BODY SYSTEM/ 
Preferred Tenn 

FOS at tlO to < 15 mg/kg 

ANY ADVl!RSI! llVENT 

Nl!llVOUS 

Nystagmus 
Diz:tincss 
Parestt!csi• 
Somnolence 

Atuia 

llODY AS A WHOLB 
Headache 

DIGESllVE 
Nausea 

SPl!QAL Sl!NSllS 
linnilus 

SQN AND APPl!NDAGllS 
Prurilus 

?. 100 to <ISO mg/mil\ 
N • 19 

18 (94.7) 

1 (36.8) 
1 (36.8) 
4 (21) 

0 (0) 

0 (OJ 

6 (31.6) 

1 (5.3) 

(5.3) 

1 (36.8) 

!:\SO mg/min 
N • 15 

14 (93.3) 

9 (60) 

6 (40) 
4 (26.7) 

2 (13.3) 

2 (13.3, 

5 (33.3) 

I (6.7) 

2 (13.3) 

7 (46.7) 
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REFORMA.TrED TABLE 6 (d}. All Adverse Events Occurring in ~5% of 
Subjects or Patients Who Received IV 
Fosphenytoin, by Dose and Increments of 
Rate 

(Number (%) of Participants) 
(Page 4 of 4) 

SUI 

rrmy SYSTEM/ 
Prererrcd Term 

FOS ot ~IS mg/kg 

ANY ADVl!RSI! BVENr 

Nl!llVOUS 
Nystagmus 
Dizziness 
">aresthcs.ia 

Somnolence 
Al1J1:ia 

DODY /\SA WHOU! 
llcadachc 

OIGl!SllVI! 
Nausea 

S1'l!ClllL SllNSllS 

Tinnitus 

SltlN AND AJ'Pl!l'IDAGl!S 
Pruri1us 

~100 lo <ISO mg/min 
N • 21 

21 (100) 

II (52.4) 

s (23.8) 

6 (28.6) 

3 (14.3) 

6 (28.6) 

6 (28.6) 

(4.8) 

(4.8) 

s (23.8) 

~ISO mg/min 
N • 35 

32 (91.4) 

14 (40) 

6 (17.1) 

6 (17.1) 

2 (S.7) 

I (2.9) 

1 (2.9) 

I (2.9) 

1 (2.9) 

s (14.3) 



Review and Evaluation of Clinical Data 
NOA 20-450 

Sponsor: 
Drug: 
Proposed Indication: 
Material Submitted: 
Correspondence Date: 
Date Received: 

Parke-Davis 
Fosphenytoin IV 
Epilepsy 
Second Safety Update 
October 31, 1995 
November 4, 1995 

As per the adopted convention, all Fos doses and rates are expressed as mg 
phenytoin equivalents (PE) in this review. 

The cut-off for the safety database for this submission was Aug 1, 1995. 
Additionally, all deaths and serious adverse events through Sept 15, 1995 
are reported. 

In fact this SU adds data on 111 additional patients since the first safety 
update. The sponsor reports that the safety profile of Cerebyx in the 
safety update is consistent with that reported in the NOA and first safety 
update. 

Since the first safety update, 3 deaths, 4 serious AEs, and 8 withdrawals 
due to AEs have occurred in 8 Cerebyx treated patients. The 3 deaths were 
due to cerebral edema, accidental drowning, and GI bleeding. Reasons for 
withdrawal included generalized itching, burning and itching, nausea and 
itching, hypotension, and agitation. 

All I 11 new exposures to Cerebyx were to the IV formulation. No new IM 
data is provided. 

Data from 2 studies initiated and completed since the submission of the 
NOA and first safety update are included, Study 27 and Study 26. 



TABLE I. Number of Participants and Time Periods Covered in Safety 
Documents 

NOA SUI SU2 

Population 

Total Enrolled 849 S61b 994 
Heathy Subjects• 159 159 175 
Patients (epilepsy or neurosurgical) From 636 636 748 
Completed Studies 

Status Epilepticus Patients From Ongoing Study 54 66b 7! 

Exposed to Fosphenytoin 736 748 859 
Healthy Subjects• 148 148 164 
Patients (epilepsy or neurosurgical) From 534 534 624 
Complete~ Studies 

Status Ep1lepticus Patients From Ongoing Study 54 66b 71 

Exposed to Fosphenytoin at High Dose (~10 mg/kg) 79 9ob 194 
and High Rate ~100 mg/min) 

Healthy Subjects• 22 22 38 
Patients (epilepsy or neurosurgical) From 17 17 101 
Completed Studies 

Staius Epileplicus Patients From Ongoing Study 40 5tb 55 

Cut-Off Dates 

General Safety Information 09/01/94 021221"5 08101195 

Dealbs and Serious Adverse Events 11/18/94 05115195 09/15195 
• Some subjects received multiple exposures to fosphenytoin but are only counted \JUCe in this table. 
b All additional exposures were from an ongoing study of patients wilb status epilepticus (982-16). 
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Study 27 

The final study report for Study 27 is not provided. 

This was an open-label single dose study in which 16 normal volunteers 
re:eived 1200mg Fos at 150mg/min. There were no deaths, no serious 
AEs, or withdrawals due to AEs. No slowing or discontinuation of 
infusions because of AEs is specifically reported. 

226 AEs were reported. 108 were mild. 106 were moderate. 12 were 
severe in intensity. The severe AEs included: 

pruritus 4 events 
paresthesia 2 events 
dizziness 2 events 
aching knees 1 event 
pelvic pain (burning) 1 event 
asthenia 1 event 
tinnitus 1 event 

"The duration of the event . . . was <30 minutes for 7 subjects, <2 hours for 
2 subjects, <5 hours for 1 subject, and <21 hours for 2 subjects." 

Injection-site symptoms including inflammation and reaction were 
experienced by 3 subjects and were all rated mild in intensity. 

75% of subjects experiencea paresthesia. 75% of subjects experienced 
pruritus. 

The snonsor oeports no changes in ECGs or clinical labs of clinical 
siq~11ficance. One subject experienced a drop in BP to 67/43 1 O minutes 
after infusion. 

In reviewing the clinical lab dala listings, I note that 9 subjects had 
ionized free calcium levels checked at variable times after infusion. All 
of the values reported are unremarkable. 5 of the 9 had free calcium 
levels checked immediately after the infusion. The sponsor makes no 
comment about these specific levels and their significance. 

In reviewing the clinical lab data listings, 
checked at frequent intervals after dosing. 
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dip by a small increment for some patients, while patient 16 had a level 
below the stated normal range. Agdin the sponsor does not comment on 
these levels. 

Stud)' 26 

This wa~1 a 112 patient, doub!e-blind, randomized, parallel study of an IV 
loading dose of fosphenytoin vs. an IV loading dose of phenytoin. P.1tients 
were random!zed in a 4:1 ratio to fos vs phenytoin. The 
inclusion/exclt:sion criteria did not specify particular diagnostic 
categories of p;~tients to be included; rather pis who required a loading 
dose of phenytoin were to be included. Broadly speaking, this would 
include pts who were in status epilepticus as well as many other patients. 

Pts received equimolar amounts of fos or phenytoin. The bioequivalent 
infusion rates (based on free phenytoin levels) were used so that the time 
of infusion was approximately 7 minutes for fos and 20 minutes for 
phenytoin. The total dose was to be 20mg/kg phenytoin equivalents (PE) 
except for patients with baseline phenytoin levels or patients over 65 
years of age who received 15mg/kg. 

90 patients received Cerebyx while 22 received Dilantin. The study was 
started in April, 1995 and completed in June, 1995. 

Roughly half the patients in each treatment group were epilepsy patients; 
roughly a third of the patients in each treatment group were neurosurgery 
patients. Only 2 patients witll status epilepticus were entered and both 
were in the Cerebyx arm of the trial. 

14% of Cerebyx patients had the infusion modified because of AEs; 2% had 
the infusion modified because of AEs and pump problems. 50% of Dilantin 
patients had the infusion modified because of AEs; 14% had the infusion 
modified because of AEs and pump problems. The predominant reason for 
modifying the infusion in Dilantin patients was the occurre11ce of local 
in1ection site pain. The predominant reason for modifying the infusion in 
Cerebyx patients was the occurrence of more generalized itching and 
tingling, espec;ally in the groin and lower extremities. 
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RR-REG 720-03593 
Second Safety Update 
Fosphenytoin Sodium 

12 GJ 
Injection 

TABLE 5. Study 982-26: All and Associated" Adverse Events by Body System 
and Treattnent Group 

[Number (%) of Patients] 
(Page l of 3) - IV FospheJlytoin IV Dilantin 

BODY SYSTEM/ N•90 N•22 
lulvene Events 

All Associated All Associated 

ANY ADVERSE EVENT 81 (90) 15 (83) 18 (82) 18 (82) 

NERVOUS SYSTEM5 69 (11) 63 (70) 17 (77) 17 (11) 

Nystagmus 40 (44) 39 (43) 13 (59) 13 (59) 
Dizziness 28 (3 i) 28 (31) 6 (27) 6 (27) 

Somnolence 1& (lO) 18 (20) 6 (27) 6 (27) 

Ataxia 10 (11) 9 (10) 4 (18) 4 (18) 

Stupor 7 (8) 7 (8) l (5) I (5) 
lnC' oordination 4 (4) 4 (4) (5) I (5) 
Parcstbcsia 4 (4) 4 (4) 0 (0) 0 (0) 

Extrapyramidal Syndrome 4 (4) 3 (3) 0 (0) 0 (0) 

Tremor 3 (3) (I) 2 (9) 2 (9) 

Agitation 3 (3) 0 (0) 0 (0) 0 (0) 

Hyl"'sthcsia 2 (2) 2 (2) 2 (9) 2 (9) 

Dysarthria 2 (2) 2 (2) 0 (0) 0 (0) 

Vertigo 2 (2) ' (2) 0 (0) 0 (0) -
Brain Edema 2 (2) 0 (0) I (5) 0 (0) 

Neuropathy 2 (2) 0 (0) 0 (0) 0 (0) 

Akathisia (I) (I) 0 (0) 0 (0) 

Coma (I) (I) 0 (0) 0 (0) 

Lntracranial Hypertension (I) (I) 0 (0) 0 (0) 

Abnormal Gait (I) 0 (0) 0 (0) 0 (O) 

Henuplegia (I) 0 (0) 0 (0) 0 (0) 

Hypertorua (I) 0 (0) 0 (0) 0 (0) 

Reflexes Increased (I) 0 (0) 0 (0) 0 (0) 

Twitching l (I) 0 (0) 0 (0) 0 (0) 

Anxiety 0 (0) 0 (0) (5) (5) 
Euphona 0 (0) 0 (0) (5) (5) 
Speech Disorder 0 (0) 0 (0) I (5) (5) 

SKIN AND APPENDAGES6 45 (50) 43 (48) \ (5) \ (5) 

Pruntus 44 (49) 43 (48) (5) \ (5) 
Fungal Dermatitis I (I) 0 (0) 0 (0) 0 (0) 
Rash (I) 0 (0) 0 (0) 0 (0) 

• Considered by the investigator to be definitely, probably, possibly related to treatment, or of 

b 
msuffic1ent information to determine relationship. 
The totals for this body system are less than the number of patieot.s with adverse events because at 
least 1 patient bad more than 1 adve.ne even\. 
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TABLE 5. Study 982-26: All and Associated• Adverse Events by Body System 
and Treatment Group 

{Number (%) of Patients) 
(Page 2 of 3) 

BODY SYSTEM/ 
IV Fosphenytoin IV DilallliA 

N•oO N•22 
Adverse Events 

All Associated All Associated 

DIGESTIVE0 17 (19) 14 (16) 3 (14) 3 (14) 

Nausea 8 (9) 6 {7) 3 (14) l (14) 

Tongue Disorder 4 (4) 4 (4) 0 (0) 0 (0) 
Ory Mouth 4 (4) 3 (3) I (S) 1 (S) 

Vomiti.ng 2 (2) 2 (2) 2 (9) 2 (9) 

Rectal Disorde1· (1) (\) 0 (0) 0 (0) 

Tenesmus (I) (I) 0 (0) 0 (0) 

SPECIAL SENSES5 14 (16) 12 (13) 3 (14) 3 (14) 

Tinnitus 8 (9) 8 (9) 2 (9) 2 (9) 
Diplopia 3 (3) 3 (3) 0 (0) 0 (0) 
Taste Perversion 3 (3) 2 (2) 0 (0) 0 (0) 
Amblyopia 2 (2) 2 (2) 2 (9) 2 (9) 
Deafness 2 (2) (1) 0 (0) 0 (0) 
Ear Disorder (I) (1) 0 (0) 0 (0) 
Eye Disorder (1) 0 (0) 0 (0) 0 (0) 
Visual Field Defect 1 (1) 0 (0) 0 (0) 0 (0) 

CARDlOV ASCULAR6 13 (14) 12 (13) 4 (18) 4 (18) 

Hypotension 7 (8) 7 (8) 2 (9) l. (9) 
V asodilatation 5 (6) 5 (6) 1 (5) l (S) 
Tachycardia 2 (2) 1 (\) 0 (0) 0 (0) 
Hypertension l (\) 0 (O} 0 (0) 0 (0) 
Palpilation 0 (0) 0 (0) (5} 1 (S) 

BODY AS A WHOLE6 13 (14) 8 (9) 2 (9) 2 (9) 

Pelvic Pain 4 (4) 4 (4) 0 (0) 0 (0) 
Asthenia 2 (2) 2 (2) 0 (0} 0 (O} 
Baek PaLD 2 (2) 2 (2) 0 (O} 0 (0) 
Headache 2 (2) 0 (0) 1 (5) (5) 
Overdose (!) 1 (I) 0 (0) 0 (0) 
Pain (1) 0 (0) 1 (5} (S) 
Chills (\} 0 (0) 0 (0) 0 (0) 
Cryptococcosis (I) 0 (0} 0 (O) Ci (0) 
Death (\) 0 (0) 0 (0) 0 {O) 
Face Edema (1) 0 (0} 0 (O} 0 (0) 

• Considered by the investigator to be definitely, probably, passibly related to treatmei;;, or of 

b 
insufficient infonnation to determille relationship. 
The totals for this body system are less than the number of p•tients with &dvorse events because at 
least I patient had more than 1 adverse event. 

' 
0
1l\cJ.98217200359< Arr.> 
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TABLE 5. Study 982-26: All and Associated" Adverse Events by Body System 
and Treatment Group 

[Number (%) of Patients] 
(Page 3 of 3) 

BODY SYSTEM/ 
IV Fosphenytoin IV Dilantin 

N= 90 N•22 
Adverse Events 

All Associated All Associated 

BODY AS A WHOLE6 (continued) 
Fever (I) 0 (0) 0 (0) 0 (0) 
Injection-Site Reaction (I) 0 (0) 0 (0) 0 (0) 

RESPIRATORY 3 (3) 0 (0) 0 (0) 0 (0) 

Pneumonia (1) 0 (0) 0 (0) 0 (0) 
Sinusitis (I) 0 (0) 0 (0) 0 (0) 

Sputum Incroased (I) 0 (0) 0 (0) 0 (0) 

METABOLIC AND NUTRITIONAL 2 (2) 0 (0) I (S) (S) 

Hyperglycemia (I) 0 (0) 0 (0) 0 (0) 

Hypokalemia (I) 0 (0) 0 (0) 0 10) 
Peripheral Edema 0 (0) 0 (0) I (S) (S) 

HEMlC AND LYMPHATIC 2 (2) 0 (0) 0 (0) 0 (0) 

Ecchymosis (I) 0 (0) 0 (0) 0 (0) 
H ypochromic Anemia (I) 0 (0) 0 (0) 0 (0) 

UROGENfrAL 2 (2) 0 (0) 0 (0) 0 (0) 

Unnary Tract ln!ection (I) 0 (0) 0 (0) 0 (0) 
V ag1nal Moniliasis (1) 0 (0) 0 (0) 0 (0) 

• Considered by the investigator to be definitely, probably, pos•ibly related to treatment, or of 

b 
insufficient information to determine relationship. 
The totals for this body system are less than the number of patienls with adverse events becsuse at 
least l patient bad more than 1 adverse event. 
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The AE profile in this study reveals pruritus in 50% of Cerebyx patients 
and 5% of Dilantin patients. 

Of the 44 Cerebyx patients who reported pruritus, 6 reported severe 
intensity. 8 patients had pruritus continue for up to 1·2 hours. Not stated 
is the intensity of the pruritus for these last 8 patients. 5 patients had 
no stop time recorded for the pruritus. 4 were listed as recovered at the 
follow-up visit. One was listed as clinical outcome unknown. 

The infusion was modified for 13/44 Cerebyx patients with pruritus. 
of the patients with pruritus reported any additional skin reactions, 
or other AEs suggesfo1e of drug hypersensitivity or anaphylaxis. 

The AE listing is attached. 

9% of Cerebyx patients reported localized pain and/or burning at the 
injection site during infusion compared to 90% of Dilantin patients. 

None 
fever, 

Cohort of Patients Adequately Loaded IV: All the new exposures in 
this safety update were IV, primarily at high doses and rates as a result 
of the Study 26 '.md Study 27 protocols. Therefore, there are currently 
194 individuals in the safety database (38 volunteers and 156 patients) 
who received Cerebyx at doses >10mg/kg and rates > 100mg/min. Of these 
194 individuals, 128 received Cerebyx at > 15mg/kg and > 150mg/min. 66 
received Cerebyx at ~ 19 .5mg/kg and ?:. 150 mg/min. 

Spom:;or's Table 11 summarizes the breakdown of AEs by dC1se and rate for 
the 128 patients exposed. 

Sponsor's Table 12 summarizes the breakdown of AEs according to the 
reported intensity of the AEs. 

Given the heterogenicity of the total population treated at the highest 
dose and rate (status epilepticus, neurosurgery, epilepsy), care must be 
exercised in extrapolating from these results. 
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Fosphenytoin Infusion Rate (mg PEJmin) 

FIGURE I. Subject and Patient Exposure to Fosphenytoin by Dose and Rate 
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TABLE 10. 

Dose 
(mg/kg) 

O!:IO to <IS 
0!:15 

Number of Participants" Exposed to 
Fosphenytoin at High Doses and Rates 

Infusion Rate (mg/min) 

0!:100 to <ISO O!:ISO 
SUI SU2 SUI SU2 

19 
21 

24 
3: 

IS 
3S 

2S 
128 

• Total number of participants is less than total number of 
exposures becawe some subjects received multiple exposures 
to fosphenytoin. 
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TABLE 11. Most Frequent Adverse Events• by Any IV Dose or Rate, Lower Doses or Rates, and 
Higher Doses and Higher Rates 

[Nuraber (%) of Participants] 

IV Fosphenytoin at 
IV Fosphenytoin at 

IV Fosphcnytoin at any Lower Doses Higher Doses 
BODY SYSTEM/ Dose or Rate (< 1 S mg/kg) or Rates 

(<?15 mg/kg) 
Adver~"' £vent N = 490 (<I SO mg/min) 

and Higher Rate• 

N = 373b (<?I SO mg/min) 
N = 118 

ANY ADVERSE EVENT 381 (77.8) 278 (74.S) 114 (89.1) 

NERVOUS 296 (60.4) 213 (57. I) 94 (73.4) 

Nystagmus 144 (29.4) 92 (24.7) 61 (47.7) 

Dizziness 121 (24.7) SS (22.8) 39 (30.5) 

Parcsthesia 81 (16.S) 65 (17.4) 21 (16.4) 

Somnolence 54 (110) 32 (8.6) 11 (17.2) 

Ataxia 44 (9.0) 23 (6.2) 21 (16.4) 

BODY AS A WHOLE 143 (29.2) 111 (29.8) 34 (26.6) 

Headache so (10.2) 39 (10.S) 12 (9.4) 

Poln 25 (S. l) 12 (3.2) 13 (10.2) 

DIGESTIVE 88 (18.v) 59 (15.8) 30 (23.4) 

Nausea 41 (8.4) 25 (6.7) 16 (12.S) 

SPECIAL SENSES 87 (17.8) 57 (I 5.3) 35 (27.3) 

Tinnitus 47 (9.6) 26 (7.0) 21 (16.4) 

SKIN AND APPENDAGES 113 (23. I) 62 (16.6) S3 (41.4) 

Pruritus 103 (21.0) 54 (14.S) 51 (39.8) 

• Most frequent adverse events are defined as those that occurred in ~5% of fosphenytoin-lreoted subjects or paticnt1 . 
b Includes 11 subjects who arc also included in the higher dose/higher rate (N = 128) category. 

J:ISU\Cl-982172003593 A (TT) 

5' .., rn ::0 
';;' ~ ~ ::0 
n't!O' 
::1 ::r ::t ::0 
g~°'ll:I 

'< rn c.i 

a5---::i ..... 
'< '? 

rn ' 
0 c:: ~ 
9:"' en s:: 0. ... 
El !!:. "' .. 

... .. 

0 



..... 
"' 

RR-REG 720-03593 
Second Safety Update 
Fosphenytoin Sodium 
Injecl!on 

29 

TABLE 12. Most Frequent Adverse Events• by Lower Doses or Rates, Higher Doses and Higher Rates, and 
Maximum lntem.ity 

[Number (%)b of Patients or Exposures in Subjects) 
IV Fosphenytoin at Doses (<15 m,~!kg) or IV Fosphenytoin at Doses (21S mglks) and 

Preferred Term 
Rates (<ISO mg/min) Rates ~150 ms/min) 

N • 373' N • llt 

Mild Modcnte Severe Mild Moderate Severe Unknown 

Any Adverse Event 203 (73.0) 61 (219) 14 (5.0) 66 (S7.9) 36 (31.6) II (9.6) I (0.9) 

Nysi..gmus 84 (91.3) 8 (8.7) 0 (0.0) 38 (62.3) 23 (37.7) 0 (0.0) 0 (0.0) 

Diz.z.ines1 67 (78.8) 16 (18.8) 2 (2.4) 19 (48.7) II (46.2) 2 (5.1) 0 (0.0) 

Paresthesia 54 (83.1) 10 (IS.4) I (l.S) 10 (47.6) 10 (47.6) I (4.8) 0 (0.0) 

Somnolence 21 (6S.6) II (34.4) 0 (0.0) JO (45.S) 11 (SQ.O) I (4.5) 0 (0.0) 

Ataxi1 13 (78.3) 4 (17.4) I (43) JO (47.6) JO (47.6) I (4.8) 0 (0.0) 

He1d1c:he 24 (615) 14 (3S.9) I (2.6) 7 (S8.3) s (41.7) 0 (0.0) 0 (0.0) 

Pein 7 (S8.3) 2 (16.7) 3 (2.S.O) s (38.S) 8 (6U) 0 (0.0) 0 (0.0) 

Nausea 18 (72 0) 6 (24.0) I (4.0) JI (68.8) 4 (2S.O) I (6.3) 0 (0.0) 

Tinnitus 21 (80.8) 4 (JS.4) I (3.8) 10 (47.6) 10 (47.6) I (4.8) 0 (0.0) 

Pruritus 30 (Ss.6) 19 (3S.2) s (9.3) 29 (S6.9) 18 (3S.3) 4 (7.8) 0 (0.0) 

Most frequent adverse events arc defined as those that occurred in ~S·/e of fosphcnytoin·treated subjects or p1ticnts 
• Percents are b1scd on number of participants with the advene event in the lower dose or rate. or higher dose and rate category 

1ncludcs l t subjects who arc also included in the higher dose/higher rate (N • 128) category. 
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Sponsor's Discuspion: In this second satety update, the sponsor 
acknowledges the occurrence of pruritus in Cerebyx-treated subjects and 
patients. The sponsor comments that other phosphate ester prodrugs, 
Decadron and Hydrocortone, cause a burning sensation in the groin area. 
The sponsor states that Foscavir in the treatment of CMV retinitis causes 
tingling. The sponsor draws attention to the fact that, in Study 26, 
infusions were interrupted more often with Dilantin than with Cerebyx. 
The sponsor acknowledges that interruptions require patients to be awake; 
the sponsor states that patients were, as a rule, awake in Study 26, 
although specific treatment group comparisons of level of consciousness 
are not presented. 

My Comments: After reviewing the sponsor's references on Decadron and 
Hydrocortone, I am impressed by the similarities between the character 
and the location of the sensory disturbance that those drugs create and 
th<,t Cerebyx creates. Specifically, Cerebyx, like Decadron and 
Hydrocortone, seems to cause a burning and itching which predominates in 
the groin area. The intensit~' of the disturban~e seems less with Decadron 
and Hydrocortone, but the loading dose of these drugs would delivtir 0·1ly 
1 /20th-1/10th the phosphate that a loading dose of Cerebyx would 
deliver. Could phosphate alone cause this characteristic sensory 
disturbance ? If so, are there any intermediate steps required, for 
instance, the induction ot hypocalcemia via caldum-pl:osphate 
precipitation ? 

My answer to the last q..icstion would be, perhaps not. The sensory 
disturbance described in hypocalcemia is usually a tingling that localizes 
to the face and hands. While tingling is also described in Cerebyx-treated 
patients, burning and it:hing predominate in the d~scriptions provided. 
Further, the burning and itching with Cerebyx is oft~n immediate in onset, 
suggesting a minimal number of steps to cause the phenomenon. Also, free 
calcium levels were checked in 5 subjects in Study 27 immediately after 
infusion and were normal. (Not stated was whether these same 5 subjects 
had sensory disturbances.) 

The sponsor mentions Foscavir as another drug that causes sensory 
disturbances. My understanding is that Foscavir is not broken down to 
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phosphate, but rather is excreted unchanged in the urine. It is believed 
that Foscavir actually chelates calcium causing a transient hypocalcemia 
which, in turn, causes the characteristic sensory disturbance of 
hypocalcemia (tingling in the face and hands). Therefore, I do not think 
Foscavir-induced sensory phenomena are parallel to Cerebyx-induced 
sensory phenomena. 

From Studies 26 and 27, I believe the sponsor could provide a much better 
description of the sensory disturbance caused by the SE dosing regimen of 
Cerebyx. Currently, I have only been provided narrative accounts for 
patients and subjects who had "serious" AEs. Patients who had "severe" 
but· not "serious" sensory disturbances are of special interest. For these 
patients. I think we need to know the duration of sensory disturbance. 

cc: 
HFD-120 
NOA 20-450 

John Feeney, M.D. 
Medical Reviewer 
January 25, 1996 

H FD-1 20/Leber/Katz/Feeney/N ighswander 
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APPENDIX E.2 

NARRATIVPS FOR DBA11iS, SERIOUS ADV:ERSB EVENTS, 
AND WITHDRAWALS BECAUSE OF ADVERSE BVENTS 

THROUGH wnS/95 
(Page 1 of 13) 

Overall Listing of Deaths, Serious Adverse Events, and Withdrawals Because 
of Adverse Events 

Narnlive 
Soudy Center/Palieat lndicalioa Dealh Serious AE Wididrawal. Numbtr 

(!SS, Appendix Fl 
Studies ia Subjects 

982.003 003/016 HS x x I (SW) 
982--011 0111010 HS x x 2 (SW) 
982--012 0121006 HS x 3 (S) 

~· 
982--017 017/001 HS x 4 (W) 

Studies io Pati011ts 
982--013 0011014 E x x s (SW) 

011/013' E x 6 (W) 
982--014 OOJ/006 N x 7 (S) 

0011012 N x x 8 (OS) 
001/014 N x x x 9 (DSW) 

0051003 N x JO (W) 
OOSIOOS N x x 11 (OS) 
007/003 N x x x 12 (DSW) 
007/IY27 N x x 13 (DSJ 
009/002 N x x x 14 (DSW) 
0091009b N x x x IS (DSW) 
0091011 N x x x 16 (DSW) 
009/027 N x x l7 (SW) 
009/028 N x 18 (S) 

982-015 0031005 N x 19 (S) 
003/015 N x x x 20 (DSW) 
003/018 N x x x 21 (DSW) 
003/022 N x 22 (W) 
009/001 N x 23 (W) 

HS = Hcallhy subje<:ts; E e Epilepsy; N - N""rosurgery; D - Deadi; l - Sericu1 advene event; 
W = W11!11irawal . 
• Pabent entered che study a aec:ond time ar Center 10 a.s P&.ticnt 28 and was witbdnwn again because of 

surulu events . 
• P.abent h.ad a cerfous advene event and die.cf pri"r to reeeiv.mg study dn.tg. 

~ " 
'· 
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APPENDIX E.2 

NARRATIVES FOR DEATHS, S.ERIOUS ADVERSE BVBNTS, 
A.ND WITHDRAWALS BECAUSE OF ADVERSE EVENTS 

THROUGH 09/15/95 
(Page 2 of 13) 

Overall Listing of Deaths 1 Serious Advme Events, and Withdrawals Because 
of Adverse Events 

Nanalive 
SOJdy Ceoler/Pllient lndicalioa Dealb Serious~ Widlclrawal Number 

(!SS, Appeadix F) 
Studies in Patients (continued) 

982-016 0011001 SE x 24 (S) 
0011016 SE x 31 (S) 

0011017 SE x 32 (S) 
0011020 SE x 33 (S)' 
0021006 SE x x 25 (DS) 
0021011 SE x x 26 (DS) 

0021013 SE x x 30 (DS) 

009/009 SE x 27 (S) 
0091021 SE x b (S) 
009/22 SE x b (S) 

012!016 SE x x 34 (DS)' 
982-021 0021003 LD x 28 (W) 
981-022 0041011 LD x 29 (S) 
982-026 001/009 LD x x x 37 (DSW)d 

0011014 LD x 38 (W)d 

001/015 LD x 39 (W)• 

00!1033 LD x x x 40 (DSW)d 
001/049 LD x x x 41 (DSW)d 

0021001 LD x x 35 (DS)' 
0051001 LD x 42 (W)4 
007/002 LD x 36 (S)' 
007/003 LD x 43 CNJ• 
007/004 LD x 44 (W)d 

0071009 LD x 45 CN)d 

007/0!8 LD x 46 CN)d 

SE = Status epi.lept1cus; LD == Required loa.di.,g dole; D .. Dealh; S • Serious advene event; 
W = Withdrawal. 
b Occurred after data cut-off for che NOA (IW1'allves in JSS, Secti.on 9.2.2) 

' O<curred dunng period covered by SUI 
d Occurred dunng penod covered by SU2 
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Study 982-13: A 5-Day Study of the Tolerance and Safety of IM 
Fosphenytoin 

Investigators 

1 Abou-Khalil Tennessee 20 
2 Dy ken Alabama 3 
3 Garnett/Pellock Virginia 24 
4 Lai Missouri 15 
5 Leroy Texas 18 
6 Matsuo Utah 1 7 
7 Michie/Tipton Florida 20 
8 Ojemann Washington 20 
10 Ramsay Florida 31 
11 Singer Florida 20 
12 Verma Michigan 20 
1 3 Wilder Florida ~ 

Total 240 

A. Study Design 

This was a 5-day, double-blind, placebo-controlled, parallel-group study 
of IM Fos. By protocol, adult pts were considered for inclusion if they 
were taking oral Dilantin tor the treatment of epilepsy or seizure 
prophylaxis, had stable blood phenytoin 13Vels, and were maintaining a 
record of their seizures. 

Pts in one grouµ (25% of total N) were to continue receiving their oral 
Dilantin dose along with IM placebo. Pts in the other group (75% of the 
total N) were to receive placebo orally along with IM Fas. 

Sponsor's Table 3, a schedule of time and events, is attached. After each 
injection, subjective evaluations of any irritation produced by the 
injections were to be made by the patient and the investigator. Seizures 
were to be recorded. One week after the last injection, a final physical 
exam was to be performed. 
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A subset of pts at a single study site (N=24) was to have a mora extensive 
PK evaluation. The rest of tf)e pts had determinations madf' of plasma 
phenytoin levels immediately before double-blind treatment and again rm 
the fifth day of treatment. The subset of 24 pts had io be on a QD regimen 
and had plasma samples collected on Day -1 before dosing and at 1, 2, 3, 4, 
6, 8, 12, 16, and 24 hrs post dosing. On Days 1-4, samples ware collected 
before dosing. On Day 5, scamples were collected before dosing anci 0.5, 1, 
1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 12, 16, and 24 hrs post dosing. Samples were 
an>lyzed for total and free phenytoin levels and Fos levels. 

Inclusion/Exclusion Criteria were as follows: 

o Pts with epilepsy or recovering from neurosurgery 
o 18 years of age and older 
o On a stable dose of oral Dilantin for treatment or prophylaxis 
o Oral regimen QD or BID 
o Phenytoin levels between 10-20, with 2 samples between 1-4 

weeks apart within 4 weeks of study entry which are within 30% of one 
another 

0 

treated 
0 

0 

Have a written record of seizures for at least 28 days (if being 
for epilepsy) 

Not on more than 2 drugs to control seizures 
Ansence of life-threatening disease 

Injections were given in the gluteus maximus and could be divided into 2 
equal injections given in separate locations if the dose required a large 
volume. The pt was to rate on a 4 point scale the extent of pain, itching, 
and burning immediately after injection and again at 5, 30, 60, and 120 
min post-injection, and immediately prior to the next injection. 

The attending investigator would examine the site of injection at 5 and 30 
min, and 1 and 2 hr after injection and again immediately prior to the next 
injection. A subjective rating of injury and local irritation was to be 
made using a 4 point scale applied to the 4 zymptoms: redness, swelling, 
tenderness, and necrosis. 

The dose of oral and IM study medication could be adjusted to maintain 
therapeutic blood concentrations and to minimize phenytoin toxicity. 

The protocol-specified analysis plan was vague beyond stating that iocai 
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irritation would be compared between groups. It was stated that analyses 
of both safety and efficacy would be stratified based on whether the drug 
was given as prophylaxis or as treatment for epilepsy. 

The efficacy analysis was likewise vague other than to say that 
comparisons between treatment groups would be made for seizure control, 
looking at the treatment period as well as the immediate pre- and post
treatment periods. 

"The sample size of 200 was not chosen based on statistical 
considerations. This number of pts, added to those in other studies, is 
intended to demonstrate safe pas::;age of pis treated with Fos in a sample 
of over 500 pts and normal volunteers." 

8. Subject Disposition and l,aseline Comrarison 

The first pt entered the study on April 23, 1991 and the last pt completed 
the study on December 30, 1991. 240 pt~ were randomized; 5 pts in the 
Fos group did not receive all 5 days of dosing and 1 additional pt who did 
receive 5 days of dosing did not return for the follow-up visit. 

By desi£:n, pts could receive medication QD or BID; in fact, all pis received 
their medication QD. One treatment group consisted of 179 pts. The other 
treatment group consisted of 61 pts. The two treatment groups were 
similar in demographic characteristics. 95% of pis in both groups carried 
a diagnosis of epilepsy; only 6 pts in one group and 3 pts in the other were 
neuros1Jrgery pts who required seizure prophylaxis. The mean daily dose 
of Dilantin was 375mg, with a range of 200-500mg. 

The two treatment groups were balanced with respect to the concurrent 
.4.ED medications used. 70% of pis took no other AEDs. 9-10% of pis took 
concurrent phenobarb. 9-10% of pts took concurrent VPA. 7-8% of pis 
lor1K concurrent carbamazepine. 

174/179 pts in the Fos group received all 5 days of treatment. 61/61 pts 
in the Dilantin g:oup received all 5 days of treatment. 

During the treatment phase, 13 Fos pts had their dose adjusted. 5/13 had 
doses lowered because of AEs such as confusion, ataxia, dizziness, and 
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nystagmus. 2/13 had doses raised because of poor seizure control. 5/13 
had dose adjustments because plasma levels were either too high (2) or 
too low (3); recall that the protocol called for levels during the treatment 
phase only in pts in the PK special study group. 1 /13 had the dose lowered 
simply due to noncompliance. 

2 pts withdrew because of AEs. 2 pts withdrew because of 
"administrative" reasons. A fifth pt in the Fos group did not receive all 5 
doses, but completed the study visits. 

Protocol variations that could impact on interpretation of local irritation 
were as follows: 

nonalternating sides for medication injection in 75 pts 
multiple injection sites in 7 pts 
multiple injections for a given dose not of equal volume in 5 pts 

In 26 pts, at least one phenytoin level during screen was less than 10. In 
3 pis, the 2 plasma levels during screen were not within 30% of each 
other. 

C. Results 

Given the multiple tests for local irritation performed by both the pts and 
physicians, along with the multiple time points at which these tests were 
performed for each injection, and the 5 different injections, it is hard to 
envision a statistic that would capture all this data in a meaningful way. 
Suffice it to say that a visual screen of all the listings for local skin 
irritation reveal no clinically significant differences between ros and 
placebo injections, other than a slight increase in mild to moderate 
itching within the first hour after injection. 

No deaths occurred during the study. 2 pts withdrew from the Fos group 
because of AEs. 1 pt experienced a serious AE in the Fos group. The one 
serious AE reported was phenytoin toxicity. The pt recovered completely 
after withdrawal from \he study; the investigator noted that the pt had 
taken some additional doses of Dilantin from her own supply on Days 1 and 
2 of treatment. The other withdrawal was due to an allergic reaction and 
pruritus, witr full recovery off treatment. (Recall that pts had been 
exposed to phenytoin chronically beiore entering the study; exposure to 



Fos was not the pt's first exposure to phenytoin.) 

The percent of pts reporting any AEs was slightly higher in the Fos group 
(68°/o) compared to the placebo group (62%). 

There was a higher incidence of nystagmus, incoordination, headache, 
nausea, and pruritus in the Fos group. 

During the study, 6 pts experienced AEs that were rated "severe" hi 
intensity, 4 on Fos and 2 on placebo. In the Fos group, one pt was 
discussed above as the withdrawal for allergic reaction and pruritus. 
There was one case each of severe nausea, vomiting, &nd migraine. In the 
placebo group, there was one case of dizziness that responded to a reduced 
dose, and one case of local excision of a breast lesion. 

The incidence of seizures during treatment differed between the Fas and 
placebo groups (18% vs 10%). In particular, Fas pts had a high incidence 
of partial complex seizures (11 %) compared to placebo (2%). Two Fos pts 
required dose adjustments because of poor seizure control. Most pts 
experienced no seizures in either treatment gro•;p so that the sponsor's 
comparison of average number of seizl.lres per day between treatment 
groups is not very instructive. The sponsor acknowledges that the latter 
is highly influenced by a single patient with a large number of seizures. 
The sponsor reports some additional analyses which compare change from 
baseline to treatment period or change from treatment period to post
treatment; no statistically significant differences were found. 

Blood pressure, heart rate, and respiration rate were recorded in relation 
to Fos injections. No clinically important trends were noted in any of 
these parameters following Fos injection, although 2-3 pts were noted to 
have blood pressures as low as 90/60 3'J-60 minutes after Fos injection. 
Pt 11-13 who discontinued because of dizziness had a BP of 90/60 30 
minutes post-dose with a pre-dose pressure of 110/70. No pressures 
lower than 90/60 were noted for any pt at any time. 

To determine any trend towaru abnormal lab values during the study, pts 
were categorized as to whether their lab values were below, within, or 
above normal range at baseline and at the end of treatment. Changes to 
low or high from the screening value to the first f0llow-up visit were 
summarized. The sponsor notes that no consistent differences or 



clinically important trends were evident. Changes from normal at screen 
to low at flu occurred for at least 10% of pts in either group for ABC 
count, WBC count, and calcium. 

Detailed PK Analysis: At Center 3, evaluable data was available for 13 pts 
out of a targeted population of 24. The sponsor explains that for 7 of the 
remaining 11 pts, samples were collected in heparinized tubes which were 
later found to interfere with Fos measurements. The remaining 4 pis 
were in the oral Dilantin/IM placebo group and were therefore not included 
in the analyses. For the 13 available, samples had been drawn at baseline 
at numerous times in relation to oral dose administration; on day 5, 
samples again were drawn at numerous times in relation to IM Fos 
administration. The ratios for Day 5 (IM Fos)/Baseline (oral Dilantin) are 
as follows: 

Total Phenytoin 
Gm ax 1.21 
Tm ax 0.66 
AUG 1.05 

Free Phenytoin 
Gmax 1.32 
Tm ax 0.42 
AUG 1.18 

The increases in Cmax and AUG might be explained by the increased 
bioavailability of Fos (100%) relative to oral Dilantin (90%). The more 
marked increases in free phenytoin following IM Fos might be consistent 
with displacement of phenytoin from plasma protein binding sites by Fos. 

Overall PK Analysis at All Centers: A trend analysis was used to 
de.ermine if there were differences in trough concentrations between 
treatment groups over time. 20 pis who required changes in dosage during 
the study were excluded from the analysis; data were available for 165 
Fos treated pis and 55 Dilantin treated pts. The results showed that the 
mean trough concentrations of total phenytoin provided by Fos increased 
slightly from the first day through the follow-up visit, while the mean 
trough levels provided by Dilantin orally tended to stay the same. The 
increase in trough levels seen with Fos may be consistent with the 
complete bioavailability of IM Fos. 
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D. Conclusions 

The PK data from this trial needs further Biopharm review. Based on the 
sponsor's presentation of the data, it appears that an IM dose of Fos may 
be substituted for an equimolar oral dose of Dilantin, achieving plasma 
levels of total phenytoin and free phenytoin which are roughly 20% higher. 
The AE profile of IM Fos reflects an increased incidence of nystagmus, 
incoordination, nausea, and headache, all of which might be expected with 
higher phenytoin and free phenytoin levels. The increased incidence of 
pruritus with IM Fos is unexpected based on higher phenytoin levels alone, 
but would not preclude use of IM Fos. 

Perhaps the pts who would benefit most by IM Fos would be chronically 
Dilantin-treated pis who have a transient 2-3 day gastrointestinal 
disturbance which prevents oral medication, but is transient and not 
expected to require IV access for hydration or caloric intake. 

Because of the delayed Tmax of total phenytoin and free phenytoin after IM 
Fos, IM Fos is not an alternative route of phenytoin administration in pis 
with status epilepticus. 
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TABLE3. Schedule of Study Proc.edU1'eS 

Srudy Procedure 
Patient Double-Blind Treatmen! Phase Follow-up 

Selection Visit 

Day 

-28 to -1 I through 5 6 13 

Minutes From JM Injection 

-15 5 30 60 120 

Medical History x 
Current Medications x 
Seizure History x 
Physical Exam x x x 
Pregnancy Test x 
Full Neuro Ex.am x x 
Brief Ncuro Exam x x 
Vital Signs x x x x x x x 
Record Seizures x x x x 
Clinical ubs' x x x 
Drug Screen x x x 
Phenytoin Concentration 2X x x 
Patient Ratings x x x x x x 
Injection Site Exam x x x x x x x 
Global Evaluation 

' Hematology, blood chemistry, and urinalysis 
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TABLE 11. All and Associated Adverse Bvents by Body System and 

Treatment Group 
[Number(%) of Patients] 

(Page 1of3) 

IM FOS/PO PBO PO DILIIM PBO 
BODY SYSI'EM/ N • 179 N = 61 

Preferred Tenn 
Aaaod11ed .Mloci.lled All All 

ANY BODY SYSTEM 121 (67.6) 71 (39.7) 38 (62.3) 19 (31.1) 

NERVOUS 77 (43.0) 51 (28.5) 26 (42.6) 13 (21.3) 

Nystagmus 27 (15.1) 15 (8.4) 5 (8.2) 1 (1.6) 

Tremor 17 (9.5) 12 (6.7) 8 (13.1) 5 (8.2) 

Ataxia 15 (8.4) 6 (3.4) 5 (8.2) 0 (0.0) 

Incoordination 14 (7.8) 10 (5.6) 3 (4.9) 1 (1.6) 

Somnolence 12 (6.7) 10 (5.6) 6 (9.8) 6 (9.8) 

Dizziness 9 (5.0) 8 (4.5) 2 (3.3) 1 (1.6) 

Paresthesia 7 (3.9) 3 (1.7) 2 (3.3) 2 (3.3) 

Reflexes decreased 5 (2.8) 1 (0.6) 3 (4.9) 2 (3.3) 

Dcpenonaliution 2 (1.1) 2 (1.1) 0 (0.0) 0 (0.0) 

Abnormal gait 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

Confusion 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

Dysarthria 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

Hypcrlcinesia 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

Hypcrtonia 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

Stupor 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

Vertigo 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

Reflexes increased I (0.6) 0 (0.Q) 3 (4.9) 0 (0.0) 

Nervousness I (0.6) 0 (0.0) 2 (3.3) 1 (1.6) 

Anxiety 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 

Hypcsthesia 0 (0.0) 0 (0.0) 2 (3.3) 2 (3.3) 

BODY AS A WHOLE 45 (25. l) 18 (10.1) 12 (19.7) 4 (6.6) 

Headache 16 (8.9) 5 (2.8) 3 (4.9) 1 (1.6) 

Asthcnia 1 (3.9) 5 (2.8) 2 (3.3) l (1.6) 

Accidental injury 6 (3.4) 1 (0.6) 4 (6.6) 1 (1.6) 

Back pain 6 (3.4) I (0.6) 0 (0.0) 0 (0.0) 

Pain 4 (2.2) 0 (0.0) l (1.6) 1 (1.6) 

Abci-.>1rinal pain 3 (J.7) 3 (J.7) l (1.6) 0 (0.0) 

Infection 3 (J.7) 0 (0.0) 3 (4.9) 0 (0.0) 
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TABLE 11. All ;.md Associated Advme Events by Body System and 

Treatment Group 
[Number (~) of Patients] 

(Page 2 of 3) 
IM FOS/PO PBO PO DII.llM PBO 

BODY SYSTEM/ N • 179 N "' 61 
Preferred Tenn 

All All Aaaci1ted A110Ci1tec! 

BODY AS A WHOLE (continued) 

Flu l)'lldrome 3 (1.7) 0 (0.0) 0 (0.0) 0 (0.0) 

Allugic reaction 2 (1.1) 2 (I.I) 0 (0.0) 0 (0.0) 

Injection lite reaction I (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

Malaise 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

Overdose 1 (0.6) I (0.6) 0 (0.0) 0 (0.0) 

DIGESTIVE IS (8.4) 6 (3.4) I (1.6) 0 (0.0) 

Nausea. g (4.S) 5 (2.S) 0 (0.0) 0 (0.0) 

Vomiting s (2.8) 2 (1.1) 0 (0.0) 0 (0.0) 

Constipation 3 (1.7) 0 (0.0) 0 (0.0) 0 (0.0) 

Dyspepsi• 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 

Diarrhea 0 (0.0) 0 (0.0) l (1.6) 0 (0.0) 

HEMIC AND LYMPHATIC lS (&.4) 12 (6.7) 3 (4.9) 2 (3.3) 

Ecchymosis 13 (7.3) II (6.1) 3 (4.9) 2 (3.3) 

Leulcocytosis 1 (0.6) I (0.6) 0 (0.0) 0 (0.0) 

Lymphadcnopathy I (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 

SKIN AND APPENDAGES IO (S.6) 4 (2.2) 0 (0.0) 0 (0.0) 

Pruritus s (2.8) 4 (2.2) 0 (0.0) 0 (0.0) 

Ra.sh 2 (1.1) 0 (0.0) 0 (0.0) 0 (0.0) 

Skin discoloration I (0.6) I (0.6) 0 (0.0) 0 (0.0) 

Contact dermatitis I (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 

Maculopapular rash I (0:6) 0 (0.0) 0 (0.0) 0 (0.0) 

Pustular rash I (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 

Sweating ., I (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 

Urticaria I (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 

CARDIOVASCULAR 7 (3.9) 4 (2.2) 0 (0.0) 0 (0.0) 

Hypertension 3 (1.7) l (0.6) 0 (0.0) 0 (0.0) 

Migraine I (0.6) l (0.6) 0 (0.0) 0 (0.0) 

Palpitation I (0.6) I (0.6) I) (0.0) 0 (0.0) 

Syncope 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0) 

Postural hypo~osion I (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 
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TABLE 11. All and Associated Adverse Events by Body System and 
Treaonent Group 

BODY SYSTEM/ 
Preferred Tenn 

MUSCULOSXEI.EI'.AL 

Leg cramps 
Joint disorder 

Arthralgia 

RESPIRATORY 

Pharyngitis 

Dyspnea 

Lung di..,rder 

Sinusitis 

Rhinitis 

SPECIAL SENSES 

Amblyopia 

Diplopia 

Eye disord.r 

METABOUC AND 
NU'IlUTIONAL 

Edema 

Peripheral edema 

ENDOCRINE 

Thyroid disorder 

UROGENITAL 

Brust neoplasm 

Fibroeystic breast 

Impotence 

SURGERIES/PROCEDURES 

Surgcrico/Proccdurcs 

!:ICLC\RR\72003148.A 
6124193 • 14:27 

[Number ('.5) of Patients) 
(Page 3 of 3) 

IM POS/PO PBO 
N • 179 

All A11oc:WM 

4 (2.2} 3 (1.7) 

3 (1.7) 3 (1.7) 

1 (0.6) 0 (0.0) 

0 (0.0) 0 (0.0) 

4 (2.2) 0 (0.0) 

1 (0.6) 0 (0.0) 

1 (0.6) 0 (0.0) 

1 (0.6) 0 (0.0) 

1 (0.6) 0 (0.0) 

0 (0.0) 0 (0.0) 

4 (2.2) 0 (0.0) 

2 (1.1} 0 (0.0) 

I (0.6) 0 (0.0) 

I (0.6) 0 (0.0) 

2 (LI) 0 (0.0) 

I (0.6) 0 (0.0) 

1 (0.6) 0 (0.0) 

I (0.6) 0 (0.0) 

I (0.6) 0 (0.0) 

1 (0.6) 0 (0.0) 

1 (0.6) 0 (0.0) 

I (0.6) 0 (0.0) 

0 (0.0) 0 (0.0) 

(0.6) 0 (0.0) 

(0.6) 0 (0.0) 
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PO DILIIM PBO 
N • 61 

All ~ci•ted 

3 (4.9} 2 (3.3) 

2 (3.3) 2 (3.3) 

0 (0.0) 0 (O_.O) 

1 (1.6) 0 (0.0) 

2 (3.3) 0 (0.0) 

I (1.6) 0 (0.0) 

0 (0.0) 0 (0.0) 

0 (0.0) 0 (0.0) 

0 (0.0) 0 (0.0) 

1 (1.6) 0 (0.0) 

0 (0.0) 0 (0.0) 

0 (0.0) 0 (0.0) 

0 (0.0) 0 (0.0) 

0 (0.0) 0 (0.0) 

0 (0.0) 0 (0.0) 

0 (0.0) 0 (0.0) 

0 (0.0} 0 (0.0) 

0 (0.0) 0 (0.0) 

0 (0.0) 0 (0.0) 

1 (1.6) 0 (0.0) 

0 (0.0) 0 (0.0) 

0 (0.0) 0 (0.0) 

1 (1.6) 0 (0.0) 

2 (3.3) 0 (0.0) 

2 (3.3) 0 (0.0) 
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Study 982-14: An Open·Label Study of the Tolerance and Safety 
of IM Fosphenytoln Given as a Single Loading Dose Followed by a 
Maintenance Regimen For Up To 2 Weeks 

Investigators 

1 Boucher Memphis, TN 30 
5 Matsuo Salt Lake City, UT 5 
6 Michie Cape Coral, FL 20 
7 Dean Winston-Salem, NC 30 
8 Ramsay Miami, FL 2 
9 Smith St.Louis, MO .ll 

Total 118 

A. Study Design 

The study was intended to be a safety study. The projected enrollment 
was 150 patients. 

Patients were to be candidates for neurosurgery or patients w'io had 
already undergone neurosurgery. Open-label treatment was to consist of a 
single loading dose followed by maintenance dosing for at least 3 days and 
for a maximum of 7 days (changed by amendment to 14 days). Patients 
were to return 2-4 davs after the last injection for follow-up exams and 
procedures. A subset of patients at a single site (n=10) were to have PK 
determinations performed at various timepoints following injections. 

Inclusion/exclusion criteria dictated that patients be 12 years of age or 
older. Pis were not to be have terminal illnesses or other life
threatening diseases. 

To be ex.eluded were pts with hypotension, bradycardia, and A-V block. 
Pis were excluded if they took any AED except benzodiazepines within 1 
week prior to screen. 

No medications were specifically excluded during the study. Any IV 
medications other than the study medication were to be administered at a 
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site different from that used for study drug. 

By protocol the study drug could be administerad either QD or BID as 
deemed appropriate by the investigator to achieve therapeutic 
concentrations of at least 10-20 microgms/ml. A protocol amendment 
required QD dosing only. Page 7 of the protocol implies that the loading 
dose would be 8-12 mg/kg PE. 

The dosing administration could be divided and given in separate locations 
on the buttock. 

During the treatment period, a trough blood phenytoin was to be drawn 
each day, prior to the patient receiving the first daily dose of study 
medication. 

B. Subject Disposition and Baseline Comparison 

The study was conducted between July 1991 and April 1992. 

The study population included 78 males and 40 females, 93 whites and 25 
blacks. The mean age was 48 years. 

The pis were seriously ill neurosurgery pis who were victims of trauma 
to the head or other neurological emergencies, the most common of which 
were motor vehh~le accidents and gunshot wounds. Over 1/5 pts were 
unconscious whe:i they entered the study, and over 1/2 pis had a level of 
consciousness th~1t was leth<irgic or worse. 

110 pis completed treatment. 80 pis completed the follow-up 
assessments. 8 pis withdrew, 6 for admin reasons and 2 for AEs. 

118 patients were given a loading dose between 8·21.6 mg/kg PE. 
Maintenance doses ranged from 1.7-17.2 mg/kg. Maintenance doses were 
given either QD or BID. 64 pts received QD doses, 45 pis received BID 
doses, and 9 pis received both QD and BID doses. 

While the maximum treatment duration was extended by protocol 
amendment from 7 days to 14 clays, only 5 pis received treatment for 8 
days or greater. 
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C. Results 

Eight pts withdrew from the study, 2 for administrative reasons ar.d 6 
because of AEs. Only 1/6 experienced an event that was considered drug 
related, an erythematous rash. At the follow-up visit, most of the rash 
had resolved. 

Four pis who withdrew from the study died. Three other pts died after 
completing the study. 

At any one llmepoint, a maximum of 3 pts experienced mild irritation at 
the injection site. 

Note that the AE data was grouped across the entire study and was not 
separated according to loading vs maintenance, dosing. Altogether, 75% of 
pts reported AEs; only 8% of pts overall had AEs that were considered 
associated with study drug. The most frequent AEs were fever, 
somnolence, and nystagmus. 5% of pis experienced at least one seizure 
during open-label treatment; without a comparative treatment group, it is 
hard to interpret this finding. 

Ten pts experienced serious AEs, but none of these were considered 
associated with study drug. 

Changes from baseline in laboratory parameters occurred not infrequently 
during this study. However, given the population of seriously ill trauma 
patients requiring neurosurgery, rio inferences can be made from the lab 
data. 

For each patient studied, the mean trough phenytoin concentration for the 
study duration was > 10. Recall that daiiy trough concentrations were 
measured and doses adjusted to keep the daily levels > 10. 

D. Conclusions 

In a seriously ill neurosurgical population, the sponsor has demonstrated 
that plasma levels of phenytoin > 10 can be achieved and maintained. No 
safety concerns obviously related to Fos arose during the conduct of the 
study, but the natural tendency in this population is to attribute all AEs to 



the underlying condition or the treatment of the underlying condition. Mild 
to moderate AEs will be overshadowed by more serious AEs in this 
populatiJn. 

No efficacy data arises from this study. The occurrence of seizures in 
s.Jme patients despite plasma levels of phenytoin > 10 was documented, 
but is not surprising given the severity of the underlying conditions. 



Study 982-15: A Study of the Tolerance and Safety of IV 
Fosphenytoln Given as a Single Loading Dose Followed by a 
Maintenance Regimen For Up To 2 Weeks 

Investigators 

1 Passini Charlotte 4 
2 Gallagher Augusta, GA 1 
3 Boucher/Faler Memphis, TN 27 
4 Dean Winston-Salem 6 
5 Kramer Englewood, CO 10 
6 Michie/Tipton Cape Coral, FL 15 
7 Newmark Houston, TX 6 
8 Schmitz/Young Lexington, KY 1 2 
9 Miller/Parks Jackson, MS 1 0 
10 Smith St.Louis, MO 2..5 

Total 116 

A. Study Design 

This was a double-blind, parallel-group, active control trial in patients 
requiring a loading dose of phenytoin to prevent or control seizures. Pis 
who met the inclusion/exclusion criteria were randomized in a 1 :3 ratio 
to receive either parenteral Dilantin or Fosphenytoin. 

The objectives of tile study were 1) to evaluate the safety and tolerance 
of multiple IV doses of Fos for seizure prophylaxis in neurosurgery 
patients and 2) to obtain descriptive PK data for Fos in this patient 
population. 

The study had 3 phases: 
1 . Screening phase 
2. Treatment phase, Days 1-14 
3. Follow-up phase for 2-4 days following the last IV dose 

The treatment pti.,se included a loading dose on Day 1 followed by daily IV 
maintenance infusions. "Al the prestudy investigators meeting, the 
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minimum exposure requirement was defined as 72 hours, i.e. a loading 
dose followed by 2 days of maintenance dosing." 

Pts at Center 5 had serial blood samples drawn over a 24 hour period 
beginning on the day of loading dose to determine total and free phenytoin 
concentrations in plasma. 

Inclusion/exclusion criteria required that pts be 12 years of age or older. 
Patients were tc. require neurosurgery or were to have undergone 
neurosurgery. Pts were to be scheduled for neurosurgery within 14 days 
of entry into double-blind treatment. 

To be excluded were pis with hypotension, bradycardia, and A-V block. 
Pts were excluded if they took any AED except benzodiazepines within 1 
week prior to screen. 

No medications were specifically excluded during the study. Any IV 
medications other than the study medication were to be administered at a 
site different from that used tor study drug by using a second IV line. 

By protocol, study drug could not be administered at rates greater than 50 
mg/min either for loading or maintenance. The study drug could be 
administered either QD or BID as deemed appropriate by the investigator. 

B. Subject Disposition and Baseline Comparison 

The study was conducted between July 1992 and February 1993. 

In general, patients were seriously ill neurosurgery patients who were 
suffering from head trauma or other neurological emergencies. With rare 
exceptions, patients underwent neurosurgical procedures on Study Day 1. 

88 pis received IV Fos while 28 pts received IV Dilantin. The loading dose 
of Fos was given as a total dose between 7.3-22.4 mg/kg PE at infusion 
rates between 14-51 mg/min PE. Oilantin was given as a total dose 
between 7.8-19.8 mg/kg at infusion rates between 21-51 mg/min. 

Maintenance doses of Fos were given as total doses of 1.2-23 mg/kg PE at 
infusion rates between 3.1-62.1 mg/min PE. Maintenanc·J Dilantin was 
given as total doses of 1 .3-18.4 mg/kg at infusion rates between 5.1-50 



mg/min. 

No patients receh1ed concurrent antiepileptic drugs during the screening 
phase of the study. Thus, patients should not have had baseline levels of 
phenytoin or any other AED. During the treatment phase, 4 pt::; received 
phenytoin in an unblinded fashion (3 Fos, 1 Dilantin), 3 pts received 
diazepam, and 2 pts received lorazepam. 

Concurrent meds, other than AEDs, were in large part dictated by the 
individual's neurosurgery status. 108 pis actually had surgery during the 
study. 27/108 had surgery before beginning treatment with studt drug. 
791108 had neurosurgery rJuring the study. 2/108 had surgery after 
completing the study. Thus, 44% of pis were taking CNS agents at screen 
and this increased to 96% during double-blind treatment. The most 
common CNS agents were acetaminophen, fentanyl, codeine, and morphine. 

To further complicate all this, we are told that small numbers of pts 
received BID maintenance dosing instead of QD, while similarly small 
numbers of pis received maintenance dosing as OD medication some days 
::ind BID medication other days. 

14 pt:; withdrew from the study, 4 because of AEs and 10 for 
administrative reasons. Only 4 pts in each treatment group were treated 
for more than 7 days. 

C. Results 

Because the loading dose of Fos was not given at the bioequivalent rate of 
administration, this study cannot provide comparable safety data between 
an IV loading dose of Fos and an IV loading dose of Dilantin. 

Comparable safety data between IV maintenance regimens of IV Fos and IV 
Dil,intin is provided. One death occurred in each treatment group, 
unrelated to the treatment itself. One serious AE occurred in the Fos 
group and 2 serious AEs occurred in the Dilantin group; none were deemed 
related to tr.e underlyi11g treatment. Among AEs deemed associated with 
treatment, there was only 1 severe AE and this occurred in the Fos group: 
severe ataxia. 

Amo11g a listing of all AEs, the obvious discrepancies between treatment 



groups occur for injection site reaction, injection site pain, and pruritus. 
The trend is for more local reactions with Dilantin and more generalized 
pruritus with Fos. 

Seizures were so rare in both treatment groups that no meaningful 
statement about the anticonvulsant properties of either treatment can be 
made. 

The sponsor (p 49 of the study report) presents changes in vital sign data 
between screening and 2 hours post loading dose for the 2 treatment 
groups. There are no obvious differences between treatment gro1~ps. 

Changes seen in laboratory parameters during the study were felt to be 
most consistent with the population being studied, i.e. ill neurosurgery 
patients. 

PK data was also accrued which demonstrates roughly equivalent trough 
levels of phenytoin with both the IV Fos and IV Dilantin regimens. During 
treatment, dose was adjusted by the investigators based on plasma 
phenytoin monitoring. The extrapolation of this might be that IV Fos can 
be used to achieve and maintain therapeutic plasma phenytoin 
concentrations while monitoring trough plasma phenytoin levels. 

On page 65 of the study report, the sponsor summarizes changes in rates 
of infusion. Presumably, these changes pertain primarily to the loading 
doses administered. 17% of Fos pis and 36% of Dilantin pts required 
decreases in rates. Note, however, that the bioequivalent rate of Fos 
administration for IV loading was not given. Thus, a comparis0n of 
proportions of pis requiring dose reductions under the conditions of 
bioequivalence might have resulted in very different results. 

The same problem in comparing groups arises when comparing groups for 
dose reductions due to injection site burning and itching. 5% of Fos pis 
required this while 18% of Dilantin pts required this. 
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Fosphenytoin Sodium 
Injection .. TABLE 16. Most Frequent Adverse Events With IV Administration 

to Neurosurgical Patients (Study 982-0lS) 
[Number($) of Patients) 

BODY SYSTEM/ Fospbenytoin Dilantin 
Advene Event N .. B8 N • 28 

NERVOUS 
Nysragmus 12 (13.6) 4 (14.3) 

Neuropalby .9 (10.2) 4 (14.3) 

Reflexes Increased 7 (8.0) 0 (0.0) 
Dizziness 6 (6.8) 3 (10.7) 
Somnolence 6 (6.8) 3 (10. 7) 
Speech Disorder s (S.7) (3.6) 

BODY AS A WHOLE 
Fever 11 (12.S) 6 (21.4) 

Face Edema 7 (8.0) 4 (14.3) 

lnieetion-Site Reaction - 6 (6.8) s (17.9) 

lnfeetioa 6 (6.8) 2 (7.1) 

DIGESTIVE 
Conscipation 11 (12.S) 3 (10. 7) 

Nausea 9 ( 10.2) 4 (14.3) 

• Vomiting 6 (6.8) s (17.9) 

CARDIOVASCULAR 
Tachycardia 7 (8.0) 2 (7.1) 

Hypotension 6 (6.8) 2 (7. I) 

SKIN AND APPENDAGES 
Pn1ri1us - 5 (5.7) 0 (0.0) 

SURGERIES/PROCEDURES 
Surger1es/Procedures 9 ( 10.2) 3 ( 10.7) 

RESPIRATORY 
Pneumonia 6 (6.8) 6 (:1.4~ 

UROGENITAL 
Urinary Retention 7 (8.0) 3 (JO. 7) 

MUSCULOSKELET Al 
Myasthenia 7 (8.0) 2 (7. I l 

METABOLIC AND NUTRITIONAL 
H ypokalcmia 8 (9.1) 2 (7 I l 

llf 
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Study 982-16: An Open-Label Safety and Tolerance Study of a 
Single IV Loading Dose of Foaphenytoln in Status Epileptlcus 

Investigators 

1 Alldredge/Gelb San Francisco 3 
2 Allen/Runge Charlotte, NC 18 
4 Dean Winston-Salem, t 2 
5 Turnbull et al Chicago, IL 6 
6 Kriel/Langendorf Minneapolis 3 
7 Lai/Allen Kansas City, KS 0 
8 Maria/Legard a Gainesville, FL 9 
9 Matsuo et al Salt Lake City, UT 9 
1 0 Parks/Carlton Jackson, MS 1 
11 Pellock Richmond, VA 1 
12 Unwin/Leroy Dallas, TX 0 
1 3 Uthman/Wilder Gainesville, FL 2. 

Total 54 

A. Study Design 

This was an open-label, single dose study in status epilepticus. 

The objectives of the study were to 1) establish the safety of two rates 
of IV Fos in pts with status and 2) obtain descriptive PK data. 

By protocol, the firs! 10 patients would receive Fos up to a maximum rate 
of 100 mg PE/min. If that W'.IS well tolerated, sut::sequent patients would 
receive rates up to a maximum of 150 mg/min. On Feb 10, 1993, data 
from 14 patients who received Fos at 100 mg/min PE were reviewed by 
Parke·Davis in consultation with a panel of noncompany neurologists. The 
panel unanimously recommended that the rate of Fos administration could 
be increased to 150 mg/min PE as provided in the protocol. 

Status was defined as 2 or more consecutive seizures without regaining 
consciousness or a single seizure of at least 10 minutes duration; 
patients with partial status or absence status were excluded. 



Inclusion/exclusion criteria required that pts be 5 years of age or older. 
There were no restrictions on AED use prior to study entry. Likewise, 
there were no restrictions on concurrent medication to treat the episode 
of status. 

The protocol required that "if two IV lines are available, study medication 
should be administered through one line and all other medications through 
the other. If only one line is available, it is important to clear the IV line 
with normal saline between the administration of other medications and 
study drug." 

During administration, vital signs were to be recorded every 5 minutes. 
Continuous ECG recording was to be performed during infusion. If systolic 
blood pressure dropped by 20 mmHg, the investigator could slow the 
infusion rate. If the absolute SBP dropped below 70, the investigator was 
to stop the infusion; or.ce the BP returned to an acceptable level, the 
infusion could be restarted at 50% the original rate. 

The goal of the study was to enroll between 20-100 pis between July and 
December 1992. 

B. Subject Disposition and Baseline Comparison 

54 patients were enrolled at 10 centers by September 1, 1994. There 
were 32 males and 22 females, 23 whites and 23 blacks. The mean age 
was 39 years of age with a range of 15 years to 75 years. 

26% of patients had status precipitated by AED withdrawal or 
noncompliance (i.e. had the potential to have low, but measurable levels of 
phenytoin alre"dy present prior to IV loading). The sponsor notes that 
only 43 pis had usable p:asma drug-concentration data; of these, 16 had 
measurable phenytoin concentrations prior to Fos infusion. The mean level 
for these pts was 6 with a range from 0.12 up to 15. 

Six pts (11%) had partial status or absence status in violation of the 
protocol. The other patients all had generalized status, either primary 
generalized or secondariiy generalized. 

In 42/54 (78%) of pts, bP.nzodiazepmes were given prior tc, administration 
of Fos. 



35 patients received loading doses at rates of 100 mg/min. (Recall that 
150 mg/min is the rate considered bioequivalent to standard Dilantin 
loading doses). 18 pis received loading doses at rates > 150 mg/min. 

All but 4 pis received total loading doses of 10 mg/kg or greater. 

C. Results 

Unfortunately, safety data is presented for the entire group of 
54 patients; it would be helpful to see a review of adverse 
events only for the 12 patients who were dosed as per the 
proposed labeling. On page 36 of the study report, the sponsor presents 
a brief review entitled "Adverse Events by Rate of Administration." Here 
the sponsor states Iha.I the 5 most frequent AEs appeare1 to occur at 
similar frequencies for pis at faster rates (41%) compared with slower 
rates (45%). In this section, the sponsor does not address the fact that 
the post r.oc separation of pts into high rate/low rate groups does not 
control for baseline levels of AEDs, especially phenytoin. 

No patients withdrew for AEs. 3 patients died after completing the study 
but all were considered unrelated to Fos. The 8 most frequent adverse 
event~ were nystagmus, ataxia, headache, agitation, dysarthria, 
somnolence, vomiting, and pruritus. 

Of note in safety data accrued after the cutoff date for this report is the 
occurrence of two cases of postictal psychosis, both beginning 3 days 
after status was treated with Fos. One patient had a previous, less severe 
case of psychosis after status; the other patient had not experienced 
previous post-ictal psychosis. A sensation of itchiness followed the 
~sychosis in one patients. 

60% of patients had a > 20 mm Hg drop in systolic blood pressure; only 4% 
had a symptomatic drop in SBP. The sponsor states that, "While the 
magnitude of decreases in blood pressure were substantial in some 
patients, no changes in infusion rate or interventions (eg, Trendelenburg 
positioning, IV fluids. or medications) were required to treat any 
hypotensive symptoms." 



Status continued beyond 30 minutes post infusion of Fos in only 3 
patients. 2 of these had other explanations besides lack of efficacy i.e. 
subdural and anoxic brain insult post CPR. Patient 8, Center 9 had a 
gradual decline in seizures over 45 minutes. The Infusion rat'! 
for this patient was 90 mg/min PE; no plasma levels are 
available for this patient during the first 20 minutes of 
treatment raising the question whether a faster Infusion rate 
would have been more effective. 



Study 982-21: A Single-Dose Study of the Tolerance and Safety 
of IV Fosphenytoin 

Investigators 

1 Wilder Florida 21 
2 Fischer Illinois 23 
3 So Minnesota ~ 

Total 52 

A. Study Design 

This was a doi..l:lle-blind, parallel-group, active control trial in patients 
requiring a l'Jading dose of phenytoin to prevent or control seizures. Pis 
who met the inclusion/exclusion criteria were randomized in a 1 :3 ratio 
to receive either parenteral Dilantin or Fosphenytoin. 

Inclusion/exclusion criteria required that pts be 12 years of age or older 
anci require a loading dose of phenytoin. Pts whose condition was serious 
or life-threatening were not considered appropriate candidates for the 
study. In particular, patients in status epilepticus were excluded. 
l'Jeurosurgery patients who required acute treatment were also excluded. 

The inclusion criteria required that patients be able to ~valuate the extent 
of pain, burning and itch:ng experienced as a result of the infusion. 

The anticipated enrollmer.t was 60 patients, 20 from each of 3 centers. 

During the infusion, vital signs were to be recorded every 5 minutes and 
ECG was to be monitored continuously. After the infusion, vital signs 
were to be recorded every 15 minutee for 2 hours. 

The rate ot infusion was not to exceed 50 mg/min PE. By protocol, the 
investigat'Jr was to consider slowing the rate it SBP dropped by 20 mmHg 
or greater. If SBP dropped to an absolute of 70mmHg, the infusion was to 
be stopped; once SBP was acceptable, the infusion could be restarted at 
half the previous rate. 



By protocol amendment, the maximum rate was increased to 1 OOmg/min 
PE tor Fos patients. 

B. Subject Disposition and Baseline Comparison 

39 pts received IV Fos while 13 pts received IV Dilantin. 

The majority of pts required a loading dose because of new onset seizures 
or because their baseline phenytoin levels had dropped below the 
therapeutic range que to noncompliance or prescribed dosage change. 

Fos was given as a total dose betw9en 480-1500 mg/kg PE at infusion 
rates between 40-103 mg/min PE. Dilantin was given as a total dose 
between 290-1000 mg/kg at infusion rates between 20-51 m~/min. 

Because of the design of the study, a true comparison between randomized 
groups cannot be made. In addition to the variable of interest, Dilantin vs 
Fos, there were 4 additional variabl9s that were not adequately 
controiled, to include: 

1. total dose in PE 
2. infusion rate (recall that the bioequivalent infusion rate for Fos 

is 3 X faster in PE than the rate for Dilantin) 
3. presence or absence of measurable baseline levels of phenytoin 
4. when present, the actual values for baseline phenytoin levels 

10/13 Dilantin pts (77%) received 800-1000 mg PE while 23/39 Fos pis 
(50%) received 800-1000 mg PE or greater. The rate was about 50 
mg/min PE for Dilantin, but Jnly 18/39 (50%} of Fos pis received 100 
mg/min or greater (100-150 mg/min is the bioequivalent rate when based 
on free phenytoin levels). 

Therefore, at this point, the question would be, of the 23 pts who :·eceived 
800 mg PE or greater, what percent of these received a rate of 100 
mg/min or greater. One might guess that only 10-12 Fos pis are available 
to compare to the 10-12 Dilantin pts (certainly noi randomized groups at 
this point); we have not even introduced the additional variable of 
background phenytoin levels ::it baseline. 

To further complica!e a:I this, we are told that 7/39 Fos pts (18%) 



required changes in rate compared with 6/13 Dilantin pis (46%). The 
reason for the rate changes are as follows: 

Fos 
Hypoter.sion 2 
Generalized burning or itching 4 
Infusion pump problem 1 

Dilantin 
Hypotension 1 
Localized pain or burning at inj. site 5 

C. Results 

There were no deaths in either treatment group. Three withdrawals 
occurred, all in the Dilantin group. There was 1 withdrawal for AE; there 
were 2 withdrawals for "lost-to-f/u." No AEs in either treatment group 
were rated "serious." 

Because of the multiple variables discussed above, any comparison 
between groups with regard to AEs is really inappropriate. Suffice it to 
say that the pattern of AEs seen in the Fos group raised only one unusual 
concern., the occurrence of pruritus in 30% of Fos pts vs 0% of Dilantin pts. 

Looking only at Fos pts who received a total of 1000 mg PE at rates of 100 
mg/min PE or greater, I identified 15 Fos pis in the category. Of these 
"high-dose, high-rate" pts, 3/15 or 1/5 had a rate change during the 
infusion because of an AE. One pt had hypotension, 1 had itching, and 1 had 
burning. 

D. Clinical Labs 

No clinically important differences are noted between groups and no clear 
trends toward abnormal values are evident. 

E. Vital Signs 

The sponsor's discussion of vital signs seems flc>.wed since they have 
chosen to compare baseline to the 2-hour visit. (See Sponsor's Tables 20 
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and 21.) In fact, the vitals of interest are those at 5, 15, and perhaps 30 
minute.;. 

Sponsor's Table 22 shows the incidence of decreases in systolic BP > 20 
mm Hg: 7 Fos pts (18%) and 4 Dilantin pts (31%). However, the 
percentages are misleading because the true denominators for comparison 
are obscured by variable rates, total doses, ar.d baseline phenytoin levels. 

2 pts on Fos and 1 on Dilantin required ~ate changes due to hypotension. 
One of these Fos pis had a 26mmHg drop in SBP without symptoms. The 
other Fos pt had an 18mmHg drop with severe dizziness and moderate 
vertigo. The Dilantin pt had a 22mmHg drop with mild vertigo. 

F. Infusion Sites 

At the follow-up exam, investigators classified the overall appearance of 
the infusion sites. The majority of pts in both treatment groups tolerated 
the infusions, with no differences between groups noted. 

Immediately after the infusion, 50% of Dilantin pts reported some pain 
and 83% reported some burning. By comparison, 2.6% of Fos pts reported 
some pain and 10% reported some burning. Except for 2 Fos pis who 
reported pain 2 hours after the infusion, both pain and burning had 
resolved for all pis in each treatment group by the end of double-blind 
treatment. 

Investigators rated erythema, swelling, tenderness, necrosis, and bruising 
on a 4 point scale. Essentially no differences between treatment groups 
emerged. 

F. Conclusions 

Because the 2 drugs were mixed and administered the same way during 
this trial, nothing was learned about relative ease-of-use. 

Rates were faster for Fos on average, but the sponsor's discussion avoids 
the issue that where rate is important, Fos must be given faster than it 
was in this study and may, under those conditions of use, be associated 



with more AEs (both local and systemic) than were seen here. Rate is not 
important for maintenance loading and, in that clinical situation, the 
ability to administer a drug faster may not necessarily be an advantage. 

This study provides some safety information in support of a subacute JV 
loading dose of Fas in non-emergent situations where the physician 
wishes to achieve therapeutic levels of phenytoin more rapidly than could 
be achieved by the oral route. Any comparison between the Fas loading and 
Dilantin loading was obscured by the study design as discussed above. 



TABLE IS. Most Frequent Adverse Events With IV Administration to 
Patients With Epilepsy (Study 982-021) 

[Number($) of Patients] 
BODY SYSTEM/ Fospbenytoill Dilantill 

Advcne EYCDt N •39 N • 13 
NERVOUS 

Ny11agmus 18 (46.2) s (38.S) 
Dizzi-· 10 (25 • .S) s (38.S) 
Ataxia 7 (17.9) 2 (15.4) 
Vertigo 4 (10.3) 3 (23.1) 
Pare:sthesia - 4 (10.3) 0 (0.0) 
Tremor - 3 (7.7) 0 (0.0) 

Neuropathy - 3 (7.7) 0 (0.0) 
Somnolence 2 (S.1) I (7.7) 

Speech Disorder 2 (S.1) 2 (IS.4) 

BODY AS A WHOLE 
Head.ache 7 (17.9) l (7.7) 

Pain s (12.8) I (7.7) 

Reaction Unevaluable 4 (10.3) 1 (7.7) 

Chills 2 (S.I) 0 (0.0) 

Cbes1 Pain 2 (5.1) 0 (0.0) 

CARDIOVASCULAR 
Hypolension 3 (7 .7) (7.7) 

SKIN AND APPENDAGES 
Prurirus - 12 (30.8) 0 (0.0) 

SPECIAL SENSES 
Amblyopia 4 (10.3) 3 (23.1) 

Ear Disorder 2 (5. I l 0 (0.0) 
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Study 982-22: An Open-Label Study of the Safety and Tolerance 
of an IM Loading Dose of Fosptienytoin 

Total 

1 
2 
3 
4 
5 

Investigators 

Leppik 
Barkley 
Ramsay 
Wilder 
Garnett/Pellock 

Minneapolis, MN 
Detroit, Ml 
Miami, FL 
Gainesville, FL 
Richmond, VA 

A. Study Design 

5 
6 
28 
14 
7 

60 

The study was intended to be a safety study. The projected enrollment 
was 60 patients. 

Patients were to require a loading dose of phenytoin for the treatment or 
prophylaxis of seizures. Open-label treatment was to consist of a single 
loading dose, minimum 10 mg/kg PE. This was followed by a 3-hour 
observation period. Patients were to return in 2-7 days for follow-up 
exams and procedures. 

Inclusion/exclusion criteria dictated that patients be 12 years of age or 
older. Pts were not to be in serious or life-threatening condition. This 
excluded patients in status epilepticus from the s:.;.1dy. 

Not excluded were pis already being treated with phenytoin. Prior 
phenytoin usage was to be assessed when determining dosing 
requirements. If that information was unavailable, the investigator was 
to use clinical Judgment to decide on a dose. 

The dosing administration could be divided and given in separate locations 
on the buttock. 



B. Subject Disposition and Baseline Comparison 

The study was conducted between August 1992 and February 1993. 

60 patients (34 male, 26 female) entered the study. 57 completed all tho 
follow-up assessments. 32 pis were white; 24 were black; 1 was Asian. 
The mean age was 43 years with a range 16-80 years. 

The reasons for loading dose were as follows: 
Noncompliance 11 
First treatment with phenytoin .i 8 
Decreased phenytoin level (unknown reason) 1 3 
Decreased phenytoin level (prescribed dose reduction) 9 
Other reason 9 

Therefore, IM loading in the face of absent plasma phenytoin occurred in 
~'bout 27 patients. The other 33 patients had the potential to :iave low but 
measurable levels of phenytoin and might therefore have received 
downward adjusted doses (based on the clinical judgment of the 
investigator). AEDs taken within 3 days of study entry :ncluded phenytoin 
in 27 patients. Only 23 patients took no AEDs within 3 days of study 
entry. 

A review of concurrent AEDs taken from day oi Fos loading to follow-up 
follows: 

None 1 0 
Phenytoin 47 
Carbamazepine 10 
VPA 1 0 
Lorazepam 5 
Phenobarbital 2 
Clorazepate 2 
Methsuximide 1 
Acetazolamide 1 

This list reminds us that the follow-up assessments done after the day of 
Fos dosing will be obscured by the use of these other drugs and, in fact, 
might be more representative of these AEDs than tha Fos itself. 

The doses of Fos ·anged from 350 to 1500mg (3.6 to 20.2 mg/kg) PE. 22 
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patients received a loading dose of 12 mg/kg or greater. An additional 25 
pts received a loading dose between 10-12 mg/kg. The actual doses were 
between a gram and 1600 mg for 16 pts; 20 pts received between 800 to 
1000 mg. Note that the 12 pts who received less than 10 mg/kg of Fos 
were actually in violation of the protocol requirement that pts receive at 
least 10 mg/kg. 

Doses were given as a single injection for 28 pts. 28 pts had their doses 
divided into 2 injections. 4 pts received 3-4 injections. 

C. Results 

No patient died during the study. Withdrawals in the true sense of the 
word could not occur since the Fos was given as a loading dose. 

Only one patient experienced serious AEs: arrhythmia, neuropathy, stupor, 
and tachycardia. This was also the only pt who experienced AEs that were 
graded severe in intensity. He was a 74 year old man with a history of a 
stroke with complex partial seizures. He received IM Fos on Day 1. On Day 
4. he experienced an irregular pulse, deterioration in neurological status, 
stuporous condition, and tachycardia. None of these were considered 
related to study medication by the investigator. The pt had not yet 
recovered from these AEs by the end of the study. 

66% of pts experienced some AEs. Most of these were considered 
associated with use of Fos. Almost all these AEs were considered mild in 

intensity. 

Nystagmus was the most common AE, occurring in 47% of pis. Dizziness 
and ataxia occurred in 17% and 13% of pis respectively. 

Evaluation of injection sites revealed that only 3 pts had mild injection 
site irritation 3 hours after IM dosing. 4 pts had mild irritation 2-7 days 
later at the follow-up visit. Only 1 pt had mild irritation at both time 
points. The sponsor states that no relationship was found between the 
dose or the number of in1ections and the tendency toward this mild 
irritation. 



D. Conclusions 

This study demonstrated no drug-related serious AEs, either systemically 
or locally at the injection site, when Fos was given IM at relatively high 
doses. 47 pis received 10 mg/kg or greater. However, only 28 pts 
received the entire loading dose at a single injection site and some of 
these may have received less than 10 mg/kg. Because of this last point, 
this study would probably best support the safety of IM Fos at comparable 
doses with the total dose divided and given at two separate injection 
sites. 

Note that patients who required an emergeni loading dose of phenytoin 
were excluded from this study. In particular, pts with status were 
excluded. Thus, this study would not support the efficacy of IM Fos in 
emergent situations. Likewise, there is no data that I am aware of to 
support use of IM Fos loading over PO Fos loading. In fact, IM Fos loading 
would probably only have a role in non-emergent settings where patients 
could not tolerate PO feedings. This might occur in patients chronically 
treated with AEDs (especially phenytoin) who develop transient 
gastrointestinal illnesses that preclude continued oral medication and 
result in dropping plasma AED levels. 

At a minimum, although this study was designed to support the safety of 
IM loading, the data from this study can be used to support the safety of 
IM maintenance dosing. That is, if the higher doses given in this study 
were tolerated, the lower doses necessary for IM maintenance dosing 
should have a wider safety margin. 

11 A 



Drug: 

..• .,, . , .. _.., 

Rev1ew and Evaluation of 
Pharmacology and toxicology 
ConHnuatton of Review # l 

·!1653-010 

Categor1 : 

Anticonvulsant; prodrug for phenytofn, 

Su11111ar y: 

It was pointed out in our team meeting for this new drug that the in vivo 
hydrolysis o ·9653 occurs in 2 steps, producing one mole of formaldehyde 
for each mole of prodrug. Jn the fnftfal clinical Phase I trial, the top dose 
of 2250 mg would produce 5.5 111110les of HCHO. 'flle possible hazard from this 
burden will ue discussed from several different veiwpofnts below. All 
calculations are gross approximations, based on available information, 

1. OSHA has adopted a p~rmissible exposure level for toxic effects of 
forma lciehyde other tha1. cancer of 3 ppm as an 8 hour time weighted 
average, anu 10 ppm maximum peak concentration for 30 mi~utes in an 8 
hour period (Third Annual Report on Carcinogens, USDHHS Public Health 
Servic:e, September, 1!183, oage 73). It ha~ been repgrteu that workers 
exposed to formaldehyde at a concentration of 7 mg/nr' developed blood 
levels of 0.6 • 4.0 msfl, The duration of exposure was not given 
(J.Piotrowski, Exposure Tests for Organic Compaounds in Industrial 
Toxicology, Gant Print in~ Office, DC, 1977, p. 122). (lm3 = 1000 i; wt. 
of air= 1.2~3 gms/1 at ooc + 760 mm Hg; therefore 7 mg/m3 = 7 
n1sf1.i:!13 kg= 5.4 mg/kg= 5.4 ppm iri air:i 

Since 5.4 ppm of HCH07 a madmum of 4 mg/1 in blood, the 10 ppm maximum 
a 11oweu by OSHA would-7 approximat<:i; 7.4 mg HCHO/liter or 0.25 meq 
HCHO/l in blood. Tili> figure shoulo more or less represent the maximal 
allowable blood level of HCHO accordinf to OSHA. If we then assume that 
the 5.5 mmoles of HCHO that are split rom the prodrug all appear in the 
circulation lave. volume 5 liters) the concentration would be 33 mg/1 or 
1.l me /l or a roximate1 4 fold hf her than the OSHA level allowed. 
owever, t s is a very cru e es lmate s1nce t e ata are not rea 1 y 

available for taking the time factor alloweo under the OSHA limit ir.to 
considerlltion. 

2. There is a great deal of information fn the literature that suggests that 
it is formic acid that is repsonsible for the ocular toxicity and 
acidosis seen following acute methanol poisoning (methano' ---7 
formaldehyde-? formate). This toxicity would be of greater concern when 
dealing with a drug to be u~ed acutely than would potential 
carcinogenicity. Although a role for HCHO has not been clearly ruled 
out, experil!Y~nts in monkey~ ~u99est that the resulttnt formate levels are 
of more concern. 
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IND Page 2 

In a model in rhesus monkeys for inethanol ocular toxicity and metabolic 
acidosis, formate blood and CSF levels of 7 to 34 meg/l were associated 
with optic disc .?dema, mor'phologica1 alterabons in optic nerve and 
swelling of olf~odendroglial cytoplasm (Martin - Amat, Hayreh, Baumtach 
et al, Arch Ophthalmol., 95, 1847-50, 1851-58, 1859-61; Hartin-Amat, 
et.al., TAP, 45, 201-ZOS-;-"1978). Pretreat11111nt with folate increased the 
metabolism of l'Ormate and decreased the toxicity (HcHartfn et al, JPET, 
~01, 564-572, 1977). In the prop~~~~ clinical trial, if we assume the 
!":'! meq of HCHO goes to 5.5 meq of formate, with a blooa concentration of 
1. 1 meq/1, there is a minimum of a 7-folu safet~ factor before ocular 
toxicity occurred in the monkey (wh1cfi is thoug t to metabolize HCHO like 
the human). 

3. It has been reported that the mechanism for ocular toxicity caused by 
methanol fs the inhibition of cytochrome oxidase by formate (Nicholls, 
SBRC, 67, 610-616, 1975). Since cytochrome oxfdase activity is low in 
white iiii~ter, it has been suggesteo that its activity may be critical in 
that tissue. The Kf values 'determined for formate inhibition of 
cytachrorne oxidase are between 5 and 30 m R (above reference plus 
Mart.n-klat, Arch Ophtfiol., 95, 1847-50, ·1977). Based on this data, 
blood levels of formate of 17T m M would be somewhat lower then those 
expected to produce tox1citt. 

4. In dogs and cats administered 35 mg/kg (1.2 meq/kg) of formaldehyde by 
i.v. Infusion, a blood HChO concentration of 25 mg/1 (0.83 meq/l) was 
produced which declined to about l my/1 by 1 hour after the infusion. t4 
x as much HCHO was in erythrocytes as in plasma). The en~ plasma -
concentration of formate, however, was 144 mg/1 (3. 1 meq at the end of 
the infusion, which declined with a Tl/2 of 1.5 hours. Toxicity was 
not addressed (G. Malornej et al, Naunyn - Schmiedebergs A.E.P.P., 250, 
419-436, 1965). These data would suggest that peak levels of the ~ 
possibly more toxic metabolite, formate, might be approximated as follows 
for top dose in the clinical trial: 

5.5 meq of HCHO (155 mg) = 3 "'~/~g in a 50 kg pt:rson. Jf 35 mg/kg 
of i.v. HCHO -:'144 m91 of for~ate, 3 mg/kg or HCliO may result in 
'eak blood levels of formate of 12 m or 0.26 me /1. (This is 
assuming compara e re at1ve oo ev es to o y weight in humans 
and animals. Actually, dogs may have slightly larger blood 
volume/kg of body weight than humans, so the estimate for humans is 
possibly on the low side. The as~uF:tion for comparable metabolism 
is also made). 

This figur~is considerab 1y lower than the Ki for formate inhibition of 
cytochrome oxidase and it is about 25-30 fold lower than the lowest 
levels of formate associated with ocular toxicity in monkeys (see numbers 
2 and 3 above). If instead, we examine the blood HCHO concentration 
using these data, an i.v. dose of prodrug that yields 5.5 mmoles of HCHO 
(0.11 111nOles/k9) would be expected to result in a peak blood 
concentration of HCHO of 0.08 mmoles/1iter, or 1/3 of the maximal 
allowable HCHO exposur~ according to oSRA. 

Ev3luation and Reco111nendations: 

lhe above approximations are extremely crude, but they do provide some data 
for evaluating the risk involved from a drug which will be used acutely that 
is metabolized to pruduce a mole of formalaehyde for every mole of d~ug. 
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Based on OSHA limits for exposure to formaldehyde, the guestimate is that the 
top dose of prodrug planned in the rising dose trial (2250 mg) would result in 
anywhere from 1/3 of1l>Ytimes the maximal allowable blood level of 
formaloehyde. If we· assume that formate is responsible for the expected acute 
toxicty (occ~lar and acidosis), there may be anywhere between a 7 fold and a 
30 fold safety factor, based on toxicity observed in monkeys and blood levels 
of formate measured after i.v. administration of HCHO to dogs. If we believe 
that forlllilte toxicity occurs through cytochrome oxidase inhibition, there is 
at least a small margin of safety based on the Ki. 

In any case, it is a cl~se call, and there are a couple of precautions that 
might be considered. Monitoring of blood formic acid, blood pH, bicarbonate 
and pCOz is recOlllllended. Since folinfc acid pretreatment hastens the 
elimination rate, a supplement of 2 mg, p.o., might be given the day before 
the trial. However, ff ft is considered that this fs an appropriate time to 
determine whether or not formate levels in blood are detectable (since fn 
practice there would not be time to give folinic acid} I would reco11111end 
careful monitoring for formate levels at ali doses before proceeding to the 
next higher dose. SRO is Hay 4, so sponsor should be phoned. 
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-· I. PHARMACODYNAMICS 

Anticonvulsant ActiVity 

A) EFFECTS ON MES-INDUCED SEIZURES IN MICE (RR 740-02904, NOA Vol. 1.9). 

1. After iv dosing wilh phenytoin (8 mg/kg) or fosphenytoin (11.9 mg/kg), no appreciable 
anticonvulsant activity was seen tor either drug until 10 min, when 50% (4/8) of pt1emytoin
treated mice were protected from tonic hindlimb extension (THE) and 13% (1/8) of 
fosphenytoin-treated mice were protected {Table 1.1 ). 

2. Peak activity was reached for both compounds at 30 min wt1en tl3% (5/8) of phenytoin
treated and 88% of fosphenytoin-treated mice were protected (Table 1.1 ). In addition to 
reducing the incidence of MES-induced THE. phenytoin and fosphenf.oin reduced seizure 
duration. 

3. When dose-response determinations were made at 10 and 30 min (Table 1.2), both drugs 
exerted dosHependent protection from ME5-induced THE. The iv ED50 values (95% 
confidence limits) were 8.3 mg/kg (6.1-11.2) at 10 min and 6 6 mg/kg (5.1-8.0) at 30 min after 
dosing with phenytoin, compared to 10.8 mg/kg (8.4-17.5) at 10 min and 6.8 mg/kg (6.1-7.5) 
at 30 min after dosing with tosphenytoin (dosE>s expressed as phenytoin equivalents). Neither 
~ehicle was active. Based on statistical comparisons of lhe dose-response curves and 
potency ratios, the anticonvulsant potencies of fosphenytoin and phenytoin against MES· 
induced THE were not srgn~ntly different at eilher time poin~ although lhere were apparent 
differences in low dose activity and onset of action. 

4. The E050 values for iv phenytoin and fosphenytoin were in agreement with those reported 
in the literature for oral (9.0 and 12.8 m')/kg), !C (7.2 mglkg), ant\ 1p (9.5 mg/kg) 
administration of phenytoin to mice and for oral (11.8 mg/kg PE) and ip (10.3 mg/kg PE) 
administration of the prodrug to mice. 

Table 1.1 TIME COURSB OP ANn-CONVULSIVB ACTIVITY OF PHENYTOIN AND 
ACC-9653 IN MES-INDUCl!D TBIJ..SEIZURE.S IN MI:::S 

MINUTES AFTER INJEC'IION 
Pm!NYTOIN (8 mgtq, IV) ACC-9653 (11.9 mg/kg, IV) 
s 10 30 60 120 s 10 :o 60 120 -------Pe=tofmice 

prolCCcd from 
nIE-seizun:s 

13 so 63 38 . 63 0 13 88 38 2S 

Duration of 10.S• 12.3 9.2• 9.2• 8.8 
THE-scizwcs :l: 1.0± 1.0 :!: .2 :!: 1.0 ± 2.0 
(seconds) 

10.9 10.S 
:I: .8 :I: .9 

10.8 10.2• 9.4• 
:I: .9 ± .s 

Eighty mice wen: wed io this Sindy; eight a: each time point with each drug. Dunlion 
values represent !be mean :I: S.B. of nm-seizure dunlioas io unprotec:tcd llllimals. 
• Indicates a significant dilfereace from the ~adirg value at the same time poiiit io 
vehicle-treatod mice (Table 1). 
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Table 1.2 DOSB-REPONSB snJDY OF nm ANn-CONV1Jl.SIVB ACTIVITY OP 
PBBNYTOIN AND . Q6SJ IN MES-INDUCED THB-SEIZURES IN 
MICE 

PBENYTOIN 9653 
MilllJICI After Dosing MlllilleS After Dosing 

10 30 10 30 
Dose ms/kg IV " Ploroctal Pllllll Dolo mg/kg IV " PNtteled Pl\llll 
~ nm-seizma 

2 0 13 3 0 0 
3 13 25 4.4 13 0 
4.S 13 13 6.7 0 0 
6.8 38 63 10.l 2S so 

10.1 63 88 lS.O 38 100 
lS.2 88 100 22.S 75 100 

One huudtcd 4'1d twelvo mice wore used in !his Sllldy; eight a1 each time point with each 
drug dose. 

Cardiovascular effects 

A) ANTIARRHYTHMIC ACTIVITY IN VlTRO ANO IN VIVO (RR 740-02905, Vol. 9). 

In Yitro, tosphenytoin had not antiarrtlylhmic effect in acetytstrophanthidin-treated guinea pig right atria 
at concE>ntrations up to 400 uM, while phenytoin restored rhythmic beating In 4 of 7 atria at a mean 
EC50 of 20 uM. In vivo, fosphenytoin and phenytoin exerted similar antiarrhylhmic acliVity, 
respectively converting oubain-induced tachycardia in 87 and 100 % of animals after an infUsion time 
o• 8.5 and 7 min, at administered doses of 24.3 and 14.1 mg/kg, and plasma levels of 18 and 29.5 
uglml of phenytoin. This indicates thc:t fosphenytoin has no direct antiarrhylhmic action, but is similar 
to phenytoin under 1:i vivo conditions, presumably due to enzymatic conversion to phenytoin. 

B) HEMODYN.AMIC EFFECTS IN ANESTHETIZED DOGS (RR 740-0290€, Vol. 9). 

1. Fosphenytoin (60 mg/kg) infused over 2 min (infusion rate of 20 mg/kg/min) produced marked 
reductions in systolic (50%} and diastolic (60%) blood pressure, heart rate (25%), and 
LvdPld\ (70%). The maximum elleds were observed 10 min after termination of infUsion and 
had returned towartt normal t1-f 60 min. After rapid infusion of an equimolar dose of phenytoin 
(40 mg/kg}. changes in CV parameters were comparable to those seen after fosphenytoin 
(Figures 1.1 & 1.2). Effects on CV parameters appeare<l somewhat more pronounced after 
fc~phenytoin (diastolic BP was significantly lower in fosphenytoin group at 4 min}; however, 
3 of the phenytoin animals died within 4 min from onset of infusion, while all 6 losphenyloin 
dogs recovered. 

2. Plasma levels of fosphenytoin were highest at ~.e end of the infusion, while peak levels of 
formed phenytoin were seen at about 8 min alter the end of infusion (Figure 1.3). Peak 
i:;lasma phenytoin leiels (free leVels not detennined} were reached more rapidly after Infusion 
oi phenytoin than after fosphenytoin, elthough maximal levels achieved were similar. 

3. Fosphenytoin (31 mg/kg} Infused over 15, 20. or 30 min produced significant reductions in 
systolic (25%) and diastolic (35%\ blood pressure, HR (10%). left \'!mlricular contraclility 
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(lvdP/dt, 20-45%). and cardiac output {20-40%) at all three infusion 1ates (Flgul'ff 1.4 and 
LS). The maximum effects were comparable at each infusion rate and the maximum effects 
were observed at the end of each infusion period. In each group, pressures had returned t" 
normal by 60 min. There were no significant effects on systolic blood pressure, heart rate, left 
ventricular end diastolic pressure, or cardiac output Comparable changes in CV parameters 
were seen when an equimolar dose of phenytoin (21 mg/kg) was infused over 30 min. 

4. Analysis of plasma sampleS showed that maximum levels of fosphenytoin occurred at the 
end of the infusion period (Figure 1.6). Peak fosphenytoin levels of 106, 82, and, 72 ug/ml 
were attained after infusion over 15, 20, and 30 min, respectively. The maximum levels of 
phenytoin were also observed at the end of the infusion period. Peak levels of phenytoin were 
35, 29, and 31 ug/ml after infusion of fosphenytoin over 15, 20, and 30 min, respectively. 
Plasma levels declined rapidly thereafter. After infusion of phenytoin, plasma levels of 
phenytoin were maximal (33 ugtml) at the end of infusion, and i:leclined thereafter. 

a.8 

2.8 

2 

1.8 

' 

0.8 ~ Phenytoln 40 mafkg 

9653 60 mgfkg 

o..1...~~~~~~...-~~--,.~~~..-~~.....,.~~~..-~~·-..~~~ 

0 10 zo 30 40 80 10 
TIME (min) 

Figure 1.1. Effect of fospllenytoin, 60 mg/kg, or phenytoin sodium, 40 mg/kg, infused iv over 2 min on LvdP/dt 
in anesthetized dogs. Values are the mean :1: SEM (N=6). 
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Figure 1.2. Effect of fosphenytoin, 60 mg/kg, or phenytoin sodium, 40 mg/kg, infused iv over 2 min on diastolic 
blood pressure in anesthetized dogs. Values are the mean :I: SEM (N=6). 

500-; 

410j 

~ 

E 400 ..... 
Cl 
:I -
"' 110 
z 
0 

~ 
aoo 

a: .... HO z 9863 80 mg/kg w 
0 * Phenytoln 40 mg/kg z 200 
0 

0 ~i!t_nJ!OJ!! !'i.'!JI!~ __ , 0 
< 110 
:::;; 

"' c( ... 100 
a. 

10 

0 
0 1D ID H 40 IO ID 

TIME (min) 
Figure 1.3. Plasma levels of fosphenytoin or of the phenytoin formed following infusion of fosphenytoin, 60 
mg/kg, infused iv over 2 min and of phenytoin following infusion In an equimolar amount of phenytoin sodium, 
40 mg/kg, iv, over 2 min. Values are the mean of 6 determinations. 
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Figure 1.4. Effects of fosphenytoin, 31 mg/kg, infused over 15, 20, or 30 min, of phenytoin sodium, 21 mg/kg, 
infused over 30 min, or of vehicles alone on LvdP/dt in anesthetized dogs. The vehicle data represent the 
combined mean data from the pheny1oin vehicle (propylene glycol, alcohol; N=4) and the fosphenytoin vehicle 
(TRIS; N=3) treated animals. All values are mean :1: SEM. Asterisks indicate values significantly different from 
comparable vehicle values, p<0.05. 
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Figure t.5 Effects offosphenytoin, 31 mg/kg, infused over 15, 20, or 30 min, of phenytoin sodium, 21 mg/kg, 
infused over 30 min, or of vehicles alone on diastolic blood pressure in anesthetized dogs. The vehicle data 
represent the combined mean data from the phenytoin vehicle (propylene glycol, alcohol; N=4) and the 
tosphenytoin vehicle (TRIS; N=3) treated animals. All values are mean :1: SEM. Asterisks indicate values 
significantly different from comparable vehicle values, p<0.05. 
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Figura 1.6. Plasma levels of fosphenytoin and/or phenytoin following iv infusion of fosphenytoin, 31.5 mg/kg, 
over 15, 20, or 30 min or of phenytoin sodium, 21 mg/kg, iv over 30 min. All values are the mean :1: SEM of 
2- 6 samples. 

C) EFFECTS ON GUINEA PIG ATRl.A, IN VITRO (RR 740-02907, Vol. 9). 

1. Fosphenytoin and phenytoin both produced concentration-dependent decreases in the rate 
of spontaneous beating in right atrial preparations and both produced complete arrest 

2. Arrest occurred at a much lower concentration of phenytoin (100 uM) than of fosphenytoin 
(3000 uM). The EC50's for depression of spontaneous rate were 41 uM (11 ug/ml) for 
phenytoin and 535 uM (217 ug/ml) for fosphenytoin. 

3. Both drugs produced similar concentration-dependent reductions in contractile force in 
electrically driven left atria (Figure 1.7) . The EC50 for cardiodepression was similar for each: 
98 uM (27 uglml) for phenytoin and 105 uM (43 uglml) for fosphenytoin. The vehicles 
depressed developed contractile force <20% at their highest concentrations. 

4. This study indicated that under in vitro conditit'ns in which less than 1% of phenytoin was 
present fosphenytoin had a cardiac depressant effect similar to that of phenytoin in guinea 
pig left atrial preparations. The difference between effects on left and right atria is 
unexplained. Thus, the prodrug is a myocardial depressant under certain experimental 
conditions. The relevance of this finding to in vivo administration is unknown. 
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II. AOME 

Single-dose absorption and phannacokinetics 

A) BLOOD LEVELS AFTER IMAOMINISTRATION TO RATS (RR 764-01612, Vol. 1.10). 

Groups of 4 JT1ale rats (CO-Sprague-Dawley) were giVen 115, 250, 370, or 500 mg/kg of fosphenytoin 
or 77. 169, 250, or 337 mg/kg of phenytoin (equimolar doses) by im injection. Blood samples were 
collected from each rat at 0.5, 1.5, 3, 6. and 24 hr post-<lose. Analysis was by HPLC. 

Peak - :ooc.t concentrations of fosphenytoin were achieved at 30 min after im administration and 
averaged 9.6, 12.5. 21.4, and 19.6 uglml after doses of 115, 250, 370, and 500 mg/kg, respectively. 
Blood levels of fosphenytoin were still quantifiable at 6 hr in the 3 highest dose groups. Blood 
concentrations of phenytoin after im fosphenytoin peaked at 90 min and averaged 42.3, 112, 127, and 
153 ug/ml at the respectiVe doses. Corresponding peak levels after phenytoin administration were 
14.9, 20.1. 31.2, and 33.2 uglml at 30 min after dosing. Thus. fosphenytoin administration resulted 
in phenytoin levels 5-SX higher than those produced by an equimolar dose of phenytoin, indicating 
greater bioavailability of phenytoin after im administration of fosphenytoin. 

B) PHENYTOIN PHARMACOKINETICS ANO BIOAVAILABILITY AFTER N ADMINISTRATION OF 
EQUIMOLAR DOSES OF PHENYTOIN OR FOSPHENYTOIN TO DOGS (RR 764-01606, Vol. 10). 

Five dogs were administered equimolar iV doses of phenytoin (10 mg/kg) or fosphenytoin (14.8 mg/kg) 
in a two-way crossover study designed to compare the pharrnP.~okinetics and bioavailability of 
phenytoin after each drug (Table 11.1 ). Analysis was by HPLC . 

.A.fter N administration offosphenytoin. fosphenytoin t1/2, Vd, and AUC value·• averaged 2.6 min, 150 
r1lllkg, and 255 ug min/ml, respectively. The Cl of 40.2 mVminlkg approximates the hepatic blood flow 
1n dogs, which would be consistent with metabolism to phenytoin by phosphatases present in tissues 
such as kidney and liVer. Conversion of fosphenytoin to phenytoin was rapid in dogs; the formation 
t1/2 averaged C.42 min and the peak phenytoin levels (mean 6.98 uglml) were reached at 3.3 min. 
During the first 30 min after administration of phenytoin. phenytoin levels were higher than after 
administra:ion of fosphenytoin. but levels were similar !hereafter. The elimination t1/2, Cl, Vd, and 
AUC of phenyto1n were not significantly different after iv administration of fosphenytoin and phenytoin 
sodium. The bioavailability of phenytoin after iV fosphenytoin administration averaged 97.7% 

Table 11.1. Pharmacokinetic Parameters of Phenytoin in Dogs after IV Administration of 14.8 mg/kg 
of Fosphenytom or an Equimolar Dose of Phenyto1n Sodium 

Phenvtoin Parameters• IV Fosohenvtnin IV Phenvtoin 

Formation t1/21minl 0.42 ± 0.42 --
Elimination 1112 lminl 137±24.5 116±15.2 

Clearance lmllmin/knl 7.35±1.36 7.11±1.0S 

Vd lml/knl 1409 ± 53 3 1197±122 

AUC lun min/ml'• 1399 ± 255 1433 ± 223 

Tmax 1min1 3.28 ± 2 63 ---
Cm ax I ua/mll 6.98 ± 0.27 -

• Data expressed as Mean ± SD of 5 dogs 
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Analysis of 48-hr urine samples collected after administralion of phenytoin or fosphenytoin indicated 
similar metabolite elimination profiles. The glucuronide conjugate of 5-(m-hydroxyphenyt)-5-
phenylhydantoin (m-HPPH) was the major metabolite identified in urine, accounting for 58.4 and 
56. 1 % of the dose after fosphenytoin and phenytoin, respectively. Less than 5% of the dose was 
ehminated as phenytoin and 5-(p-hydroxyphenyt)-5-phenythydantoin after administration of either 
compound, and fosphenytoin was not detected in 24 and 48-hr urine samples. 

C) PHENYTOIN PHARMACOKlNETICS AND RELATIVE BIOAVAILABILITY AFTER IM 
ADMINISTRATION OF PHENYTOIN OR FOSPHENYTOIN TO DOGS (RR 764--01601, Vol. 1.1!l). 

Five dogs were administered equimolar im doses of phenytoin (10 mg/kg) or fosphenytoin (14.8 
mg/kg) in a tNrJ.way crossover study to compare the pharma<:Okinetics and bioavailability of phenytoin 
after each (Tables 11.2 and 11.3). Samples were analyzed by HPLC. 

After im administralion, fosphenytoin levels reached a mean peak of 20.4 ug/ml at 9 min, then rapidly 
decreased such that fosphenytoin was not detectatlle in plasma after 120 min (Table 11.3). The 
absorption and elimination t112 values averaged 3.2 arid 17.4 min, respectively. The appearance of 
phenytoin m the plasma was fairly rapid after im administration of fosphenytoin. The fonnabon t112, 
Cmax, and tmax were 24. 7 min, 6.8 ug/ml, and 76.9 min, respectively (Table 11.2). The corresponding 
values after im administration of an equimolar dose of phenytoin were 17.4 min, 2.16 ug/ml. and 68.1 
min for the absorption t112, Cmax. and tmax. respectively. The elimination t112 and apparent volume 
of distribution of phenyto1n after fosphenytoin administration averaged 164 min and 1058 ml/kg, 
respectively, which were s1gnificantly different than corresponding values of 369 min and 4086 ml/kg, 
respectively, obtained after im pllenytcin. The differences probably reflect precipitation and deposition 
of phenytoin at the injection site. 

The AUC values obtained after administration of phenytoin were substantially lower when compared 
to the phenytoin AUCs after fosphenytoin administration. From 0 to 720 mir., the AUC values 
averaged 2091 and 960 ug.minlml after fosphenytoin and phenytoin sodium, respectively. When 
extrapolated to infinity, the corresponding AUC values averaged 2236 and 1336 ug.min/ml. 
respectJvely. These findings show that the bioavailability of phenytoin administered . is fosphenytoin 
was increased compared to 1m phenytoin sodium, and that the relative bioavaila~··i!ity was time 
dependent. again 1nd1cating that phenytoin was retained at the i11jeclion site and slowly released. 

Table 11.2. Pharmacokmelic Parameters of Phenytoin in Dogs after IM Administration of 14.8 mg/kg 
of Fosphenytoin or an Equ1r.iolar Dose of Phenytoin Sodium 

Phenvtom Parameters• IM Fosohenvtoin IM Phenvtoin 

Absorot1on/Formation t1/2/m1n) 24.7± 10.2 17.4 ± 18.7 

Elimination 1112 (min) 164 ± 46.7 369 :!: 97.4 

Clearance lmt:mm/ka\ 4.66 t 0.94 8.2 :!: 2.91 

Vd (ml/ka\ 1050 :!: 127 4086 t 626 

AUC,, .(UQ•min/ml) 2236 :I: 557 1336±419 

Tmax (min) 76.9 :I: 23.8 68.1 ± 57.5 

Cmax (uq/mll 6.83 ± 0.89 2.16 ± 0.38 

• Data expressed as Mean t SD of 5 dogs 
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Analysis of 48-hr urine samples collected after administration of phenytoin or fosphenytoin indicated 
similar metabolite elimination profiles. Approximately 58% of the dose was recovered in 48-hr 
cumulative unne after dosing with fosphenytoin and about 47.4% of the dose was recovered after 
phenytoin. The major me•abolite was the g!ucuronide conjugate of 5-(m-hydroxyphenyl)-5-
phenylhydantoin (m-HPPH), which accounted for 90% of the material recovered in urine in both 
cases. 

D) FOSPHENYTOIN AND PHENYTOIN PHARMACOKJNETICS AND BIOAVAJLABILITY AFTER IV OR 
IM ADMINISTRATION OF FOSPHENYTOIN TO DOGS (RR 7~1609, Vol 10). 

Fosphenytoin (14.8 mg/kg) was administered iv to 5 dogs, and PK parameters (HPLC analysis) were 
compared to those determined in the previous im study (Table 11.3 and 11.4). 

After iv administration, fosphenytoin levels averaged 220 ug/ml at 0.6 min after dosing, then rapidly 
declined in a biphasic manner. The distribution and elimination t1r..! averaged 1.8 and 9.5 min, 
respectively. The absorption t112, Cmax. and trnax after im administration were 3.2 min, 20.4 ug/ml, 
and 9.1 min, respectively. The elimination 1112 and Vd were greater than the corresponding iv values. 
The bioavailability of im fosphenytoin was 100% based on AU Cs. 

Table 11.3. Pharmacokinetic Parameteni of Fosphenytoin in Dogs after al" IM or IV Dose of 14.8 mg/kg 

·-
Fosohenvtoin Parameters• IM Fosohenvtoin IV Fosohenvtoin 

Absorolion or Distribution t1121min\ 3.22 :t 1.53 1.79:t 0.16 

Elimination t112 (min I 17.:!_:t 6.22 9.52 :t 2.33 

Clearance (ml/min/ka) 21.9 :t 3.21 22.10 :t 3.37 

Vd CmVkn\ 544:1: 180 299 :t 82.5 

AUC ( UQ mm/mil 688 :t 100 685 ± 109 

Tmax or T1 (min) 9.13 ± 2.79 0.63 ± 0.35 

Cmax or C1 (uQ/mll 20.4 ± 8.52 220 ± 43.7 

• Data expressed as Mean :t SD of 5 dogs 

Conversion of fosphenytoin to phenvtoin was rapid after iv administration. The formation 11/2 
averaged 1.3 min, an<:J peak phenyto1n levels (mean 7.7 ug/ml) were seen at an average of 9 min after 
1v administration of fosphenytoin. Absorption of fosphenytoin and conversion to phenytom was 
prolonged by 1m administration; the formation t112 averaged 24. 7 min, and the pea~ phenyto1n 
concentn;Jon of 6.8 ug/ml (comparable to 1v Cmax) was reached after 77 min. The elimination 11/2, 
Vd. and Cl of phenytoin were similar for the two routes. Based on the AUCs. the b1oava1labillty of 
phenytom was 100% after im administration of fosphenytoin. 

12 



.. 
Table 11.4. Pharrnacokinetic Parameters of Phenytoin in Dogs after an JM or IV Dose of 14.8 mg/kg 
of Fosphenytoin 

Phenvtoin Parameters• IM Fosohenvtoin IV Fosohenvtoin 

Formation t1/2 lmin\ 24.7 :I: 10.2 1.25 :I: 0.36 

Elimination t1/21min\ 164 :I: 46.7 194 :I: 55.9 

Clearance lmVmin/kn\ 4.66±0.94 4.75:1:1.11 

Vd tmVkn\ 1058 :t 127 1266 :I: 102 

AUC lua·min/mll 2236 :I: 557 2220 :I: 617 

Tmax (min) 76.9 :I: 23.8 9.01:I:1.83 

Cmax (ug/mll 6.83 :t 0.89 7.67 :I: 0.62 

• Data expressed as Mean ± SD of 5 dogs 

Distribution, Metabolism, and Eiimination 

A) TISSUE DISTRIBUTION IN RATS (RR 764-01600, Vol. 1.10). 

The tissue distribution of 14C-fosphenytoin was examined in 36 male rats after a single iv bolus dose 
of 10 mg/kg. The distribution of total radioactivi~ into various tissues was very rapid. For blood, 
heart, kidneys, liver, lungs, and spleen the highe~t amount of total radioactivity was seen within the 
first 5 min. The highest levels in brain, carcass, eyes, intestines, skin/hair, stomach, testes, and 
urinary bladder occurred at 20, 20, 30, 90, 30, 10, 60, and 60 min, respectively. The highest levels 
~of radioactivity in the intestines, kidneys, liver, carcass. and skin/t;air averaged 52.1, 1.9, 14.5, 32.6, 
and 22 .1 % of the dose, respectively. Only 0.2% of the dose was found in the brain at 5 and 60 min 
after dosing, and the amount of radioactivity decline1 rapidly thereafter. 

Rapid elimination of total radioactivity was observed from blood and all tissues. At 24 hr the highest 
rad;.oaclivity was in the carcass and intestines (2.1 and 4.7% of the dose, respectively); the 
radioactivity in all other tissues including blood was less than 1% of the dose. At 48 hr after dosing, 
less than 1.4% of the dose remained in all tissues. The tissue/blood total radioactivity ratio was above 
1 or close to 1 in the heart, intestines, kidneys, liver, lungs, and stomach over the entire study period. 
The highest tissue/blood ratios were in intestines> stomach> liver> urinary bladder> kidneys> lungs. 

Radio-HPLC analysis of blood, intestines. kidney, and liver samples showed three radioactive peaks, 
which were identified as a mixture of p-HPPH glucuronide and an unkriown metabolite, p-HPPH, and 
phenytoin, based on their retention times after beta-glucuronidase treatment. In brain, the radioactive 
peak corresponding to p-HPPH glucuronide was absent m-HPPH was not detected in blood or any 
of the 4 tissues examined. The prodrug was rapidly converted to phenytoin. At 5 min after dosing, 
fosphenytoin was not <:letectable in brain, intestines, kidneys, and liver, and only a trace amount was 
detected in blood. The tissue/blood ratio for phenytoin was above one in liver, kidneys, and inteslmes, 
and was close to one in brain at several of the later time points after administration. Pharrnacokinet1c 
parameters were determined after the concentration-time profiles of phenytoin in blood, brain. 
intestines, kidneys and liver had been fitted to appropriate pharmacokinetic m"'ldels. The elimination 
half-lives of phenytoin in blood. brain. intestines, kidneys, and liver were determined to be 72.8. 59.8, 
52.6. 90.1, and 70.3 min, respectively. The ehminalion t1/2 for blood agrees very closely with 
published data (Varia and Ste1la). 
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B) MASS BALANCE AFTER IV ADMINISTRATION TO RATS (RR 764-0160B, Vol. 1.10). 

The metabolism and excretion of 14C-fosphenytoin were studied in 10 male rats following iv 
administration of 10 mg/kg. At 24 hr aiter dosing, 86.9% of the dose was recovered, with 46. 7% in 
uri'le and 40.2% in feces. Cumulative urinary and fecal excretion of radioactivity over 72 hr averaged 
51.7% and 47.7% of the dose, respectively. These results are consistent with what has been reported 
for DPH. In the 24 hr urine sample, a large fraction of the radioactivity was in the fonm of polar 
met:lbolites. In contrast 24-hr fecal samples contained morP non-polar metabolites. In the 24-48 and 
48- 72 hr urine and fecal samples. a larger percentage of the dose was eliminated as nonpolar 
metabolites. When separated by HPLC, the polar fracbor was found not to contain any unchanged 
fosphenytoin. Three radioactive peakS were detected in this fraction; the major urinary metabolite was 
a glucuronide conjugate of p-HPPH. Two additional peaks were not identified. One major and two 
minor metabolites were detected in the nonpolar fraction of urine. The maier metabolite was identified 
as p-HPPH, and one of the minor metabolites was phenytoin. One nonpolar metabolite remained 
unidentified. The nonpolar fraction of feces contained the same unknown minor metabolite detected 
in urine and a major metabolite identified to be p-HPPH. So, fosphenytoin was cleared entirely by 
metabolism; only a trace amount of phenytom was recovered in urine;> 40% of the dose was 
recovered in unne and feces as the glucuronide conjugate of p-HPPH. Metaoolism appears identical 
to that of phenytoin, ie, nng oxidation and glucuronidabon, followed by renal and biliary excretion of 
the metabolites. 

C) IN VITRO HYDROLYSIS IN HUMAN, DOG, AND RAT BLOOD AND TISSUES (RR 764-01597, Vol. 
1 .11) 

In vitro conversion of fosphenytoin to phenytoin was examined in rat, dog, and human tissue5 and 
whole blood. Incubation of fosphenytoin with whole blood and various tissues from rats resulted in the 
11pid disappearance of prodrug with a concomitant appearance of equimolar amounts of phenytoin. 
Klc'neys, small intestines, and liver exhibited the highest phosphatase activily. Dog and human blood 
hydrolyzed the drug much more slowly. Mean in vitro half-lives of fosphenytoin in rat, dog, and human 
whole blood were 5.89, 321, and 189 minutes, respect\vely. Faster prodrug conversion was observed 
in dog tissue homogenates, with the small intestine, kidney, and liver again the most active in 
mediating hydrolysis of the prodrug. In vitro studies with partially purified alkaline phosphatase (bovine 
liver and dog intestines) and acid phosphatase (bovine) revealed that fosphenytoin was a better 
substrate for alkaline than for acid phosphatase. 

D) PLASMA PROTEIN BINDING OF FOSPHENYTOIN (RR 764-01620, Vol. 1.11) 

The protein binding of 14C-fosphenytoin to dog and human plasma was determined by the 
ultrafiltration method. Mean percentages of fosphenytoin (at a concentration of 20 ugiml) bound to 
human and dog plasma proteins were 95. 7 and 91.3%, respectively, indicating that the drug is highly 
protein bound at therapeutic concentrations. Albumin accounted for 88 % of the fosphenytoin bindinq 
to human plasm.~ proteins. Varying the concentrations of albumin from 25 to 50 mg/ml significanily 
increased the % fosphenytoin bound from 81 to 90.5. Binding of 20 ug/ml to human ;clpha-acid 
glycoprotein (0.2 to 2 mg/ml) was independent of protein concentration, with percent bound averaging 
13 2%. Binding of fosphenyto1n to human albumin, 40 mg/ml, decreased linearly from 81 to 67% when 
concentrations of fosphenytoin increased from 6 to 200 ug/ml. 

The effect of fosphenytoin on the plasma protein t:inding of phenytoin was studied by comcubatin9 
DPH at various concentrations of fosphenytoin (7.5-500 ug/;nl). Phenytoin binding dE>creased with 
increasing fosphenytoin concentrations. At a DPH concentration of 5 ug/ml, the lree fraction of 
phenytoin increased from 4 to 18% when the fosphenytoin concentrations increased from 7. 5 to 500 
ug/ml. These results indicate that at high concentrations. fosphenytoin may enhance the 
pharmacological or toxicological effects of phenytoin by displacing DPH from i!s binding sites. 
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Drugs highly bound to albumin, such as phenylbutazone. sulfisoxazole, or warfann, can displace 
fosphenytoin from binding sites on albumin. When toxic concentrations of AEDs such as PHB, DPH, 
or VPA were added to plasma, the drugs sig('ificantly increased (5-20%) the free fraction of 
fosphenytoin. Diazepam, phenytoin, and carbamazepine at a concentration of <10 ug/ml did not 
change the free fraction of fosphenytoin. Since fosphenytoin has little intrinsic pharmacological effec~ 
the changes in free fraction should have no dinical significance. Addition of fosphenytoin at equimolar 
concentrations ID carbamazepine, phenobarbital, or VPA resulted in small but significant displacement 
of these drugs from its plasma binding sites. The degree of displacement of diazepam or 
carbamazepine was not enhanced by increasing the concentration of fosphenytoin 30-80-fold. The 
slight increase in free fraction of these drugs caused by fosphenytoin is unlikely to have clinical 
significance. 

Toxicokinetics 

A) TOXICOKINETICS IN RATS FOLLOWING SINGLE IM OR IV DOSES (RR 764-02096, Vol. 1.11) 

Plasma phenytoin concentrations were determined in serial blood samples collected for 32 hr after 
administration of single im or iv doses of 150 mg/kg fosphenytoin to Wistar rats (5/sex). While peak 
plasma levels were greater after iv administration, concentration-time profiles appeared similar 
between routes after Cmax was reached. Phenytoin mean Cmax values following im fosphenytoin 
were 50-60% lower than those after iv fosphenytoin (Table 11.5). Mean tmax values were 10-15X 
greater after im administration. Eliminalion t1/2 averaged 2.4 (im) and 5.3 (iv) hr in males and (18 (im) 
and 21 (iv) hr in females. Mean AUC values were 331 (im) and 404 (iv) ug hr/ml in males and 649 
(im) and 611 (iv) in females. Thus, sex differences in phenytoin pharmacokinetics were seen, peak 
phenytoin levels were redu':E!d after im administration relative to iv administration. and total phenytoin 
exposure was similar following im or iv administration of the same dose. 

"fable 11.5. Mean (%RSD) Pharmacokinetic Parameters of Phenytoin following IM or IV Bolus 
Administration of 150 mg/kg of Fosphenytoin to Male and Female Rats (N=51sex) 

Parameters Maie Female 

IM IV IM IV 

Cmax (uglml) 39.8 108 47.4 95.4 
115.91 18.31 118.61 14.91 

tmax (hr) 0.9 0.08 1.3 0.08 
120.81 IO.Ol 146 7) (0 Q) 

t1/2 (hr) 2.4 5.3 17.9 21.0 
(27.5) 135.81 1117\ 164.2\ 

AUG (ug hr/ml) 331 404 649 611 
157.21 132.41 (27.5) (42.7) 

B) TOXICOKINETICS IN DOGS FOLLOWING SINGLE IM AND IV DOSES (RR 764-02035, Vol. 1.11 ). 

Phenytom kinetics were determined after single 1m or iv doses of 50 mg/kg fosphenytoin to beagle 
dogs (Table 11.6) Senal blood samples were collected for 32 hr after dosing. Mean Cmax and tmax 
values foll0W1ng 1m fosphenytoin were approximately 21 % lower (21.3 ug/ml for im versus 26.8 for 1v) 
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and 100% longer (1.2 hr for im versus 0.6 hr for iv) than those following iv fosphenytoin. Once Cmax 
was attained, plasma phenytoin concentration-time profiles were similar for both routes. Mean 
elimination t1/2 values were essentially the same following im (2.8 hr) and iv (3 hr) administration. 
Mean AUC values following im and iv administration were also comparable, aver-dging 159 and 163 
ug hr/ml, respectively. There was no gender difference in pharmacokine!ic:s 'n dogs. 

Table 11.6. Mean (%RSD) Pharmacokinetic Parameters of Phenytoin following IM er IV aolus 
Administration of 50 mg/kg of Fosphenytoin to Beagle Dogs (N=3/sex) 

Parameters IM IV 

Cmax (ug/ml) 21.3 26.8 
112.81 118.41 ·-

tmax (hr) 1.2 0.6 
134.91 11251 

11 /2 (hr) 2.8 3.0 
119.1\ 116.9\ 

AUC, .• (ug•hr/ml) 159 163 
128.9\ 12701 



Ill. TOXICOLOGY ~. 

A) ACUTE IV TOXICITY IN MICE, RATS, RABBITS, AND DOGS (RR's 745-01722, 745-01726, 745-
01727, 745-01725, 745-01721, 745-01728, 74~-01729; Vol. 1.12) 

Results of acute iv hlxicity studies comparing fosphenytoin to phenytoin in rrnce (5/sex/group), rats 
(5/sex/group), rabbits (6/sex), and dogs (2/sex) are presented in Table 111.1. Rodents were 
administered a single dose, while non-rodents received rising doses, allOWing one or more da~s for 
recovery between doses. Doses were administered either as an iv injection or a 30 min iv infusion. 

The acute toxicity of fosphenytoin was similar to that of equimolar doses of phenytoin when both 
drugs were administered by iv infusion. However, when administered by bolus injection phenytoin 
was more potent than fosphenytcin, probably because of the more gradual rise in peak phenytoin 
levels with the later compound. Clinical signs were similar for both and included ataxia, prostration, 
convulsions, and hypokinesia in both rodent and non-rodent species. Tremors and dyspnea were 
commonly obseNed in rodenls, while struggling, salivation, and vomitinglretching were seen in dogs. 
When administered to rats by 30 min infusion, both drugs produced rigid hindlimbs, while only 
fosphenytoin produced this finding after rapid iv bolus injection. In general the times of onset and 
recovery of toxic effects were similar for both compounds except follOWing rapid iv injection to rats. 
Under these conditions, toxic effects were observed immediately after dosing with phenytoin but only 
after mean lag times of 4 to 14 min with fosphenytoin. Necropsies of rats, rabbits and dogs revealed 
no macroscopic pathology which could be attributed to drug treatment. 

Since phenytoin is commonly administered to children, the acute toxicities of fosphenytoin and 
phenytoin were compared in weanling (4 week old) and neonatal (7 days) rats. When administered 
by 30 min iv infusion to weanlings, the compounds produced similar toxic signs, which included 
ataxia, prostration, hypokinesia, sedation, piloerection, dyspnea, hypopnea, tremors, and convulsions 
(few fosphenytoin rats only). The phenytoin and fosphe:1ytoin MLD's in weanling rats were similar to 
those obtained in adult rats. Because iv injections could not be made in neonates, both neonatal and 
weanling rats were administered fosphenytoin or phenytoin ip. It was concluded from this study that 
the cicute toxicities of the two drugs were similar following ip administration, but that both were more 
toxic (lethal) in neonates. 

B) ACUTE IM TOXICITY IN RATS AND DOGS (RR 745-01738, RR 745-01742; Vol. 1.12) 

The acute toxicities of fosphenytoin and phenytoin were also compared after im administration to rats 
(3/sexldose) and dogs (3/sex). Clinical signs were noted in rats within 40 to 60 min postdose with 
both compounds. Ataxia and prostration were observed in rats with fosphenytoin doses 112 and 1 /3 
lower, respectively, on a molar basis, than those phenytoin doses producing the same signs. Deaths 
occurred between 3 and 19 hr postdose with fosphenytoin doses > 247 mg/kg (phenytoin 
equivalents), while no deaths occurred wilt> phenytoin doses up to 337 mg/kg (Table 111.2). In dogs, 
sedation and emes1s occurred with both compounds, while prostration, ataxia, and convulsion were 
seen only with fosphenytoin. Struggling during dosmg, presumably resulting from pain, was seen only 
with phenytoin. No deaths occurred in dogs at dose.s of up to 50 mg/kg of either compound. In a 
separate PK study in rats, whole blood phenytoin concentrations were consistently 5 to 6 times higher 
after administration nf fosphenytoin than with equimolar doses of phenytoin (see PK section, above). 
Thus, the greater solubility and resultant higher blood levels presumably accounted for the increased 
systemic toxicity of fosphenytoin seen in both rats and dogs. In both species, phenytoin caused 
m1ect10n site necrosis while no necrosis was observed with tosphenytoin. 
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Table 111.1. Summary of Acute IV Toxicity Studies of Fosphenytoin and Phenytoin 

Species Route Drug Res,ults (m /kg phenytoin 
eou1valents 

NOAEL l\llTD MLD 

Mouse IV infusion Fosnhen"'nin 33.3 63.3 156 

Phen""' in <33 63 192 

Rat IV bolus Fosnhen""'in 50 153 213 

Phenu+nin <45 45 90.4 

Rat IV infusion Fosnhenvtoin <50 153 242 

Phenvtoin <45 210 275 

Rat IV infusion Fosnhenvtoin 
(weanling) 

33.3 120 258 

Phen""'in 33 120 297 

Rat 
(weanling) 

IP Fosnhenvtoin 60 ND 352 

Phen""'in 60 ND 339 

Rat IP Fosohenvtoin 
(neonate) 

100 ND 180 

Phenvtoin 102 ND 224 

Rabbit IV infusion Fosohenvtoin 40 40 ND 

Phenvtoin 27 40.5 ND 

Dog IV bolus Fosohenvtoin 13.3 26.7 ND 

Phenvtoin 6 24 ND 

Dog IV infusion Fosnhenvtnin 13.3 26.7 ND 

Phenvtoin 12 24 ND 

Table llt.2. Comparison of Acute IM Toxicity of Fosphenytoin and Phenytoin in Rats and Dogs 

Species Route Drug Results (mg/kg phenytoin 
""Uivalents 

NOAEL MTD MLD 

Rat IM Fosohenvtoin 333 167 278 

Phenvtoin 34 337 >337 

Dog IM Fosohenvtoin 33.3 33.3 ND 

Phenvtoin 6.7 > 50 ND 
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C) FOUR-WEEK IV TOXICITY IN RATS (RR 250-01648, Vol. 1.14). 

1. Treatment 

Four groups of 18 Wistar rats/sex were given daily iv (bolus) doses of vehicle or fosphenytoin 
(30, 60, and 150 mg/kg) for 4 weeks. Ten rats./sexlgrp were euthanized at the completion of 
dosing, and 5/sex/group were sacrificed after a 4 week recovery period (week 8). Three 
rats/sex/group were sacrificed 15 min postdose during week 3 for determination of whole 
blood and plasma phenytoin concentrations. All animals were observed daily for signs of 
toxicity. Body weight and food consumption were determined weekly. Detailed physical and 
ophthalmoscopic exams were performed pretest and at termination (week 4 or 8). Samples 
for hematology, biochemistry, and urinalysis were obtained prior to termination. Selected 
organs were weighed, and tissues from control and HD groups and liver and injection sites 
from all groups were examined microscopically. Liver from selected con trot and HD animals 
were evaluated by EM. 

Drug lot#: CM 345120 

2. Clinical Signs and Mortalitv 

a) Alaxia or hypoactivity were observed infrequenUy in 1 and 2 MD males, respectively. 
Ataxia and hypoactivity were seen throughout the treatment phase in all HD animals. 
Salivation was noted in 3 MD and 14 HD rats. Urinary staining and dyspnea occurred 
in both sexes at the HD. The incidence of injection-related skin sores was similar in 
treated and control groups. 

b) No animals died during the study. 

3. Bodv weight and food consumption 

a) BW was decreased 18% in HD males, with a 32% reduction in weight gain during the 
dosing period. In the recovery period, BW gain was higher in HD males and there 
were no statistically significant differences at week 8. 

b) Food consumption was 14% lower in HD males and 10% higher in HD females 
compared to controls. 

4. Physical and Ophthalmoscopic exams 

No significant treatment-related effects. 

5. Hematolooy 

Small decreases in RBCs, HGB, and HGT and an increase in MCHC were seen in HD 
females at week 4 compared to controls (not considered toxicologically significant). 

6. Clinical Chemistry 

a) Increases (30-60%) in alanine aminotransferase and alkaline phosphatase activities 
wer'! observed in HD males and females. 

b) A 48·10 ~~crease in triglycende concentration was seen in HD males at 4 weeks. 
c) Urea wa!• slightly decreased in all treatment group males at 4 weeks (15% at HD). 

7 Urinalys:s 

No TR effects. 
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8. Organ weigh II! · 

Statistically significant increases in absolute and relative liver weight were noted at 4 weeks 
in treated females at all doses. Relative liver weights were also increased in HO males, but 
absolute weights were lower than controls. Relative liver to BW ratios were increased at 8 
weeks in HD males and females, but there were no diff-irences in abso•ute liver weights. 

9. 9ross Patt\Q!Qgy 

Treatment-related changes in the skin at the tail injection sites were noted in HD rats at 4 
weeks and 13 weeks. 

10. Histopathol0<1X 

Changes in the liver and injection sites were seen in treated males and females at week 4. 

a) Liver -The incidence of periportal cytoplasmic vacuolization of hepatocytes was 
increased in treated males (minimal to mild) and females (mild to moderate). No 
liver abnormalities were observed in the recovery groups. 4 week liver tissue from 
selected control and HD group animals exhibited no evidence of hepatocellular injury 
by EM; however, glycogen deposition was increased in treated animals, particularly 
in a females haVing the greatest periportal vacuolization. 

b) Skin - Cutaneous necrosis and inflammation were increased at the injection sites of 
treated males and females at 4 weeks. No changes were noted at 8 weeks. 

11 . Plasma concent'ations 

Phenytoin concentrations at 15 min postdosing were proportional to dose and similar 1n 
plasma and whole blood of males and females (Table 111.3). 

Table 111.3. Plasma and Whole Blood Phenytoin Conceniraticms in Rats Given Fosphenytoin IV Im 
4 Weeks 

F osphenytoin Plasma Concentration lull/mil' II 
Dose (mg/kg) 

Plasma Whole Blood 

Male Female Male Female 

30 7.34 10.9 7.85 10.7 
± 085 ± 1.75 ± 0.24 ± 0.79 

60 184 21.2 19.0 22.4 
± 424 ± 0.91 ± 3.67 ± 1.27 

150 546 51.0 55.1 55.5 
± 1.10 ± 0.91 ± 2.12 ± 1.04 

• Samples obtained 15 min postdose from 3 animals/sex/group during week 3; values are mean ± 
standard. 
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0) 13 WEEK IM TOXICIW~N RATS (RR 745-01744, conducted by IROC, Vol. 1.15). 

1 . Treatment 

Fifteen Sprague Dawley (Char1es River CD) rats/sex/group were randomly assigned to each 
of five treatment groups, to recei'le either normal saline (controls), phenytoin sodium (positive 
contrcl; 100 mgll<g in 40% propylene glyc:il and 10% ETOH), or fosptienytoin (30, 60, or 150 
mg/kg in 0. 1 M TRIS buffer) by intramuscular injection, once daily, for 13 weeks. Ten 
rats/sex/group were designated as main study animals and the remaining 5/sex/group were 
used for pharmacokinetic $tudies. The phenytoin and HO fosphenytoin gro,.ps received 
approximately equimolar doses. Because of excessive mortality, the phenytoin group was 
terminated during week 9, and all tests sch6duled for termination were carried out at that 
time. 

Drug lot #: Z86-7 -10 

2. Observed signs 

Decreased activity, leaning to one side, excessive salivation, and dilated pupils were 
observed in HD fosphenytoin animals. Only excessive salivation was observed in the MD 
group. The phenytoin group exhibited decreased activity, excessive salivation, swollen 
hindlimbs, and autocanibalism of hind limbs. 

3. Mortality 

In the phenytoin group, 8/15 male and 10/15 female rats died by week 8. In the fosphenytoin 
groups, deaths occurred in 1/15 LD females, 1/15 MO females, 2115 HD males and 1/15 HD 
females. One saline control female died. Only the phenytoin group and HD fosphenytoin 
group deaths were considered treatment-related; the others were thought to be related to the 
blood collection procedure. 

4 Body Weights and Food Consumption 

a) BWs for males and females in both the HD fosphenytoin group and the phenytoin 
group were lower than those in the saline control group throughout the treatment 
period. 

b) Food consumption (g/animal) for HO fosphenytoin group males was consistentiy 
lower than saline controls. However, when calculated relative to BW, food 
consumption values (g/kg) for both male and female HD animals were generally 
higher than those for the control group. Food consumption in the LO and MD 
fosphenytoin groups was slightly (<10%) lower than controls. In the phenytoin group, 
both absolute and relative consumption were reduced compared to controls. 

5 Hematology (routine hematology, serum chemistry and urinalysis tests were conducted on 
all mam study rats during week 6 and at terminaticn) 

No treatment-related effects on hematology were observed among any of the losphenytom
treated groups. Significant decreases in RBCs, HGB and HCT, and increases in WBCs 
observed in phenytom-treated rats were attributed to hemorrhage and infection secondary 
to autocannibalism induced by the local irritation of 1m phenytom. 

6. Clinical Chemistrv 

a) Aspartate and alanine aminotransferase and alkaline phosphatase levels were 
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elevall9d in the HD fosphenytoin group ( x about 2-fold for all 3 in M & F). Only slight 
increases in alkaline phosphatase levels were noted in the phenyto1n group. 

b) Non-fasted glucose concentrations (from samples collected 2 hr after dosing) were 
significanUy elevated (4-fold compared to saline) in the HD fosphenytoin group. 
Phenytoin had previously been shown to induce hyperglycemia, presumably by 
inhibiting insulin release, and glucose was elevated about 2-fold in the phenytoin 
group at 9 weeks in the current study. A hyperglycemic effect has also been 
previously shown for fosphenytoin. The hyperglycemia was no longer evident by the 
time routine blood samples were collected 24 hr later. 

7. Urinalysis 

Glucosuria was observed in both the phenytoin and HD fosphenytoin groups. 

8. Organ Weights 

a) Absolute and relative liver weights were elevated in MD and HD fosphenytoin 
groups, primarily in females (70-80% in HD females). In contrast, absolute and 
relative (to brain) liver weights were decreased in the phenytoin group. 

b) Relative adrenal weights were increased in phenytoin group animals, and absolute 
adrenal weights were increased in the HD fosphenytoin group. 

c) Thymus weights were significanUy decreased in HD fosphenytoin males and 
females, while relative thymus weights were significanUy decreased in phenytoin 
group females. 

9. Gross Pathology 

Macroscopic evidence of tissue irritation at injection sites was observed in the phe11ytoin- and 
fosphenytoin-treated groups. Changes in the phenytoin group consisted of pockets of fibrous 
material, nodules, necrosis, thickened tissue, and abscesses. The lesions were bilateral and 
the intensity was moderate to severe. Also, 10115 males and 8/15 females in this group had 
missing toes or foot parts from their rear limbs. In fosphenytoin groups, changes included 
necrosis, hemormage or discolored areas, and pale, firm areas. The lesions were unilateral 
or bilateral, focal, and varied from mild to severe. The changes in the fosphenytoin groups 
were dose-related, and no signs of autocannibalism were seen. 

1 0 Microscopic Pathology 

a) Injection site - Microscopic evidence of injection site irritation, consisting of 
hemorrhage, inflammation, necrosis, mineralization, and thrombosis, was seen in 
both the phenytoin and fosphenytoin groups. The response was dose-dependent 1n 
the fosphenytoin groups, and the changes were reportedly somewhat less severe 
than in the phenytoin group. 

b) Liver. Increased intracytoplasmic vacuolization of hepatocytes was observed in HD 
fosphenytoin animals (8/10 males, 9/10 females). This was thought to be due to 
glycogen accumulation. Single cell hepatocyte necrosis was observed i» the 
phenytoin group animals (3/10 males. 3/10 females). 

c) Thymus • Thymuses of rats in the phenytoin and HD fosphenytoin groups showed 
trace to moderate lymphoid depletion (con-elated with decreases 1n thymus weights: 
cons1nered stress-related). 

d) A few animals in the phenytoin and HD fosphenytoin groups had cortical cell 
vacuolizabon or hypertrophy of the adrenals. This was also considered stress
related. 



11 . Plasma Drug Cdncentralions 

Blood samples were collected from rats designated for blood level studies immediately prior 
to, and at 30, 60, and 120 mir. alter dosing on study days 1, 42, and at terrmnation (Table 
111.4). 

At equimolar doses, peak phenytoin levels were about 3-4 times higher following 
fosphenytoin administration than after phenytoin injection. Absorption of phenytoin was 
apparently prolonged, since significant levels were measured in this group prior to dosing on 
day42. 

Table 111.4. Plasma Fosphenytoin and Phenytoin ConCE:ntratio11s in Rats Given Fosphenytoin or 
Phenytoin IM for 13 Weeks 

Fosphenyto1n Plasma Concentration (uQ/mll' 
Dose (mg/kg 

Fosphenvtoin Phenvtoin phenytoin 
equivalents) Male Female Male Female 

20 < 0.1 < 0.1 8.42 7.53 
± 1.40 ± 1.22 

40 0.782 0.319 14.3 18.0 
±0.85 ± 0.65 ±4.88 ±4.6i 

100 2.10 3.19 46.7 48.9 
± 1.25 ±2.38 :!: 16.5 :!:6,64 

Phenytoin NM NM 15.2 23.8 
100 mglka ± 10.2 ± 1.36 

• Samples obtained 30 min postdose from 5 animals/sex/group, on day 91 (week 13) from a11imals 
given fosphenytoin and on day 42 (week 6) fro"1 animals given phenytoin; values are mean ± 
st:;indard 
NM = not measured 
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E) FOUR-WEEK IV TOXfC!TY IN DOGS (RR 745-01970, Vol 1 18) 

1 Treatment 

Four groups of beagle dogs (4/sex/group) were given daily iv bOlus doses of fosphenytoin at 
0 (vehicle-0.1 M Tris buffer, pH 8.8), 15, 30, or 50 mg/kg for 4 weeks. Three animals in each 
group were sacrificed after 4 weeks: the remaining dog in each group was sacrificed after a 
4 week recovery peri:xl. Animals were observed daily for signs of toxicity and systemic 
effects. Body weights Wf!nl recorded pretest, weekly, and at tenmination. Food consumption 
was assessed daily by visual inspection. Ph~'Sical and ophthalmoscopic exams were 
performed pretest and at weeks 4 and 8. Bleed pressure measurements and ECG were 
performed pretest, before and 60 mi. after dosing on day 1 and during week 4, and at 8 
weeks. Hematological, clinical chem1s<ry and urinalysis detenminations were made pretest 
and at weeks 4 and 8: Blood samples for determi11ation of phenytoin concentrations were 
collected 30 min after dosing dunng week 2. Complete necropsies were performed on all 
animals at termination after 4 or 6 -...eeks. 

Drug lot#: CM 344120 

2. Clinical Signs and Mortality 

a) Salivation, emesis, mucoid feces were observed in all treatment groups (D-R). 
b) Erythema of the gums and/or muzzle after dosing was seen in MD and HD dogs. 
c) All HD males and 2 HD females exhibited ataxia, and hypoactivity and tremors 

occurred sporadically in '"ID animals. 
d) No significant signs were observed during the recovery period. 
e) No unsched1 •led deaths occurred. 

3. Body Weight and Food Consumptjon 

There were no significant drug-related effects on body weights or food consumption. 

4 Physical and Ophthalmoscopic exams 

No significant treatment-related effects. 

5. Blood Pressure and ECG 

There were no significant treatment-related changes. 

6. Hematology ana Bone Marrow 

No drug-related alterations in hematologic parameters or bOne marrow data were observed. 

7 Clinical Chemistrv 

A D-R increase in serum alkaline phosphatase ( x 2.5-3X C at HD) was seen in treated dogs 
compared lo pretest and control values. These returned toward normal dunng the recovery 
penod. but were still elevated at 8 weeks. 

8 Urinalysis 

No treatment-related changes. 
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9 Organ Weights • 

a) 0-R increases in liver weights occurred in treated dogs (absolute <+25-30% at HD). 
b) Mandibular salivary gland weights were increased in HD males and MD and HD 

females. 
c) Small (10%) increases in absolute and relative heart weights were seen in MD and 

HD males. 

1 O Gross Patholoay 

No TR changes were noted. 

11 Hrs!opathology 

a) Two HD males had minimal diffuse hypertrophy of mandibular and parobd salivary 
gland acini which correlated with salivation noted clinically and increased salivary 
gland weights. These changes were not seen in females. 

b) No differences rn the incidence or seventy of injection site alterations were noted 
between vehicle controls and treated groups. 

12. Plasma concentrations 

Mean plasma and whole blood phenytoin concentrations increased proportionately with dose. 
Plasma and whole bloOd phenytOin concentrations were similar and were equivalent between 
sexes at each dose (Table 111.5). 

Table 111.5. Piasma and Whole Blood Phenytoin Concentrations in Dogs Given Fosphenytoin IV for 
4 Weeks 

Fosphenytoin Plasma Concentration (uq/mll* 
Dose (mg/kg) 

Plasma Whole Blood 

Male Female M.ile Female 

15 6.43 6.76 6.54 6.95 
± 0.33 ±0.41 ± 0.31 ± 0.07 

30 13.4 13.2 13.7 13.8 
±0.99 ± 0.19 ±0.30 ±0.40 

50 22.2 24.0 23.5 23.8 
± 1.47 ± 2.90 ± 0.69 ± 2.46 

• Samples obtained 30 min postdose from 4 anrrnalslsex/group during week 2; values are mean ± 
standard. 
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F) 13 WEEK IM Tox1c11V'1N DOGS (RR 745-01740, conducted by IRDC, Vol 1.19) 

1 Treatment 

Fosphenyto1n was administered im to beagle dogs at dose levels of 15, 30, and 60 mg/kg/day 
for 13 weeks. A negative control group was administered saline. and a positive control group 
received phenytOin sodium on the same regimen. The phenytoin dose was 40 mg/kg, which 
was equ1molar to the high fosphenytoin dose. All groups contained 4 males and 4 female 
dogs. 

flrug lot #: ZBS-7 -10 

2. Clinical Signs 

Ataxia, decreased activity, and mucoid diarrhea were observed in the HD fosphenytoin 
group. Emes1s and ptyalism were seen in all fosphenytoin-treated dogs in a dose-related 
manner Ataxia, emes1s, and diarrhea were observed in the phenytoin group with incidences 
intermediate between that seen in the MD and HD fosphenytoin groups. Otner observations 
made in phenytoin-treated dogs include the inability to bend rear legs, thinness. swollen legs, 
and loss of appetite. Dogs in this group also struggled and vocalized during dosing. Both 
phenytoin and fosphenytoin groups exhibited swelling at the injection sites. 

3. Mortalitv 

All study animals survived until termination. 

4. Body Weight and Food Consumption 

BW gain was increased in male fosphenytoin group dogs (1.5X saline controls at HD) and 
slightly decreased in phenytoin group males and females compared to saline controls. Food 
consumptir..n was decreased in HD females and in phenytoin group males and females. 

5 Qphthalmoscopic Examination 

No treatment-related ophthalmoscopic abnormalities were detected. 

6. Physical Examination 

Signs of injection site irritation were noted in the phenytoin group only. 

7 Cardiovascular Examination 

No cardiovascular abnormalities were detected at one month or at the end of the study. 

8 Hematolog\' (pre-study and at 1 , 2, and 3 months) 

No changes in hematologic values were noted in the analysis of blood samples. However, 
one HD fosphenytoin female had an ek \Sled myeloid/erythroid ratio (M/E = 6.1) in the bone 
marrow smear performed PQfil mortem, indicative of depressed erythrogenesis. All other 
hematologic parameters were normal for this dog, however. 

9 Clinical Chemistrv (pre-study and at 1, 2, and 3 months) 

Alkaline phosphatase levels were elevated in the phenytom group males and females (" 2-3-

26 



fold C), in Hl1fbsphenytoin group males and females (2-3X C), and in MD fosphenytoin 
females (+60% compared to C). Creatine phosphokinase (CPK) values were elevated in MD 
and HD !osphenytoin males (2X C), in HD fosphenytoin group females (2X C), and in 
ph,,nytoin group females (2-3X C). AST and ALT were increased in phenytoin group females 
(2 ll.). BUN was decreased in phenytoin group males and females (-30-40%). 

10. Urinalvsis (pre-study and at 1, 2, and 3 months) 

The urinalysis values for all groups were normal. 

11. Organ Weights 

A dose-related increase in liver weights occurred in fosphenytoin group males ( x+35% at HD) 
and females (+28% at HD). Liver weight was also increased in !he PC group (+28% M, 14% 
F) 

12. Macroscopic Pathology 

Injection site changes were observed in dogs from the phenytoin group and from the MD and 
HD fosphenytoin groups. These were more extensive and severe in the phenytoin group and 
consisted of abscesses, fibrous tissue masses, and multiple hemorrhages. Only 2 females 
in the MD !osphenytoin group and 2 males and 2 females in the HD group had tissue 
changes c.'1nsisting of discolored fat and muscle. edem3 between muscles, and petechial 
hemorrhage. 

13. Microscopic Pathology 

a) lnjec11on site - Microscopic changes were observed at the injection site in the 
phenyroin group and in the HD and MD ft";sphenytoin groups. Abnormalities seen at 
the injection site in phenytoin trea~eo •fogs included hemorrhage, inflammation, 
necrosis, thrombosis, mineralization :oin 1 aDscess formation. Injection site changes 
in the fosphenytoin groups were reportedly much less severe. 

b) Livers of 1 male and 1 female from the phenytoin group and of all females from the 
HD fosphenytoin group •Mowed diffuse increases in intracytoplasmic vacuolization 
of hepatocytes. 

14. Plasma Drug Levels 

Blood samples were collected from each animal 30 min befnre and at intervals up to 3 hr after 
dosing on day-; 1, 42 and <'t termination (Table 111.6). Peak fcsphenytoin levels were seen 10-
15 min after administration. Rapid conversion to phenytoin was demonstratec by the 
apJ:.earance of p'1enytoin levels by 5 min after dosing. Phenytoin levels peakAd at 
ap;iroximately 60 min after prodrJg administration. Pe11'- phenytoin levels in the phenytoin 
group were consistently "tbout 3 times lower than those 1n the equimolar fosphenytoin group. 
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Table 111.6. Plasma Fosphenytoin and Phenytoin ConcentratioM in Dogs Given Fosphenytoin or 
Phenytoin IM for 13 Weeks 

Fosphenytoin Plasma Concentration t uni mil ·-Dose (mg/kg 
Fosohenvtoin* Phenvtoin** phenytoin 

equivalents) Male Female Male Female 

10 13.7 20.2 6.24 6.34 
± 5.91 ± 10.9 ±0.59 ± 0.81 

20 28.1 21.7 12.1 11.2 
± 12.9 ± 8.09 ±0.9r ± 1.32 

40 60.6 51.4 27.5 28.7 
± 7.18 ± 12.8 ± 3.47 t 11.0 

Phenytom NM NM 6.67 9.97 
40 ma/ka ± 1.57 ± 1.65 

•Samples obtained 10 min postdosefrom 4 animals/sex/group on day 91 (week 13); values are mean 
±standard. 
••samples o">ta1ned 60 min pastdose from 4 animals/sex/group on day 91 (week 13); values. are 
mean ± standard. 
NM = not measured 
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IV. SPECIAL TOXICITY 

A) VENOUS ANO PERIVASCULAR IRRITATION IN RABBITS (RR 745-10724. Vol. 1.20). 

When administered as a 30-min iv infusion (0.05 mVmin) into the right ear or as a 0.1 ml perivascular 
injection into the left ear, fosphenytoin at concentrations of 10, 25, or 50 mg/ml was no more irritating 
than the saline control at either site. A concentration of 75 mg/ml resulted in higher (50%) irritation 
scores than the saline control at both sites. Phenytoin concentrations of 16.9, 33.7, and 50 mg/ml 
produced significantty greater microscopic irritation than did the saline control at the venous site and 
concentrations of 33. 7 and 50 mg/ml produced significantty greater irritation at the perivascular site. 
The three highest doses of phenytoin were only slightty more irritating than their undiluted vehicle 
(40% propylene glycol, 10% alcohol, water- pH adjusted to 12 with NaOH). The irritation produced 
by phenytoin and its vehicle included a high incidence of thrombosis. which was not seen in the 
fosphenytoin groups. 

B) LOCAL IRRITATION AFTER >'CUTE IM INJECTION OF RABBITS (RR 745-01737. Vol. 1.20). 

'V1icroscopic irritation scores (slight to moderate) were not different among injections sites for saline, 
phenytoin vehicle, and phenytoin (50 mg/ml). lnitation scores (minimal to mild) at fosphenytoin vehicle 
(01 M Tris buffer, pH adjusted to 8.8 with HCI) or fosphenytoin (25, 50, 75, or 100 mg/ml) sites were 
statistically lower than those for saline control and phenytoin. 

C) LOCAL IRRITATION AFTER DAILY IM INJECTION OF RABBITS FOR FIVE CONSECUTIVE DAYS 
(RR 745-01741, Vol. 1.20). 

When a 1 ml volume was injected im i~to the hindlimb of rabbits daily for 5 consecutive days, 
fosphenytoin concentrations of 50, 75 and 100 mg/ml produced concentration-depen<'ent irritation 
compared to saline controls (increased serum crec.!ine kinase and irritation scores). Based on 
macroscopic scores and effects on serum CK, phenytoin at 50 mg/ml was more irritating than 
equ1molar concentrations of fosphenytoin. Irritation produced by the undiluted phenyto1n vehicle was 
comparable in severity to that seen 'Nlth formulated phenytcin at a concentration of 50 mg/ml. 

D) HYPERGLYCEMIC EFFECTS IN RATS (RR 745-C1734, Vol. 1.20) 

Fosphenytoin (150 mg/kg) or phenytoin (100 mg/kg) were administered by 30 min ;nfus1ons 10 10 
rats/group, and multiple blood a111,; unne samples were collected over a 48 hr period. Serum glucose 
concentrations in the fosphenytoi1· and phenytoin groups were elevated by 30 min after dosing and 
peaked at about 400 mg/dL at 1 i"' Levels were significantly increased tor 4.f, hr after dosing 
Glucose levels in both groups had returned to normal by 24 hr. Unne glucose levels increased during 
the first 12 hr after dosing in both groups compared to saline controls and returned to normal during 
the second 12 hr. S:.:ltects on glucose were comparable for the two drugs. 

E) CNS TOXICITY IN MICE (RR 745-01736, vol. 1 20). 

6 mice/group reca1ved single ip injections of equ1molar cioses of fosphenytoin or phenytoin sodium 
solution. Saline and vehicle controls were included. Fosphenytom at 50 mg/kg or phenytom at 33 
mg/kg produced no effects. Dose-related CNS toxicit1. including decreased respiration, prostration, 
p1loerection. tremors, ataxia, sedation. decreased pupil response, ri.duced righting reflex, decreased 
~lflP strength, decreased body temperature, and death (at 2 highest doses). were observed after 
doses of 100, 200, 500, or 1000 mg/kg of fosphenytoin or 69, 134, 337, er 675 of phenytoin. 
Responses to equimolar doses of fosphf 1yto1n and phenytoin wen• similar. but there was a 
suggestion of qu3ntnat1vely greater effects with fosphenytoin. These 1i'ferences may have been due 
to differences m absorption after 1p adm1mstrat1on 
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F) CARDIOVASCULAR TOXIC'ITY IN DOGS (RR 745-01735, Vol. 1.20). 

The cardio\>aSClllar effects of fospheny!Din, phenytoin, and their respective vehicles (0.1 M Tris buffer, 
pH 8.8 and 40% propylene glycvl, 10% alcohol, pH 12) were o:impared following iv bolus (3 sec) 
injection to anesthetized female dogr (4/group). A saline contrOI was also included. The phenytoin 
dosa(le (18 mg/kg) used in the study was considered to represent 9 clinically effective dose for 
treatment of status epilepticus, which would nonnally be infcsed over 20-30 min. The fosphe,1ytoin 
dose (27 mg/kg) was equimolar. Heart rate, left venlrtcular dP/dt at 40 mmHg (l VdP/dt), left 
ventricular end diastolic pressure (L VEDP), mean arterial pressure (MAP), and Lead II 
electrocardiograms were recorded at frfl<luent intervals for 1 hour after dosing. Blood samples for 
determination of drug concentrations were collected at each interval. 

Since there were no differences in CV parameters among the three control groups, data from these 
were pooled. Lead II ECG recordings were similar among groups. A slight increase in QT interval was 
seen in both treated groups, but this effect was not considered biologically significant. Intravenous 
phenytt:lin resulted in decreases in ~eart rate (80% of baseline), LvdP/dt (max -55% compared to C), 
and MAP ("40% compared tn C) and a significant increase in LVEDP (2-3-fold). Effects on LVdp/dt 
and L VEDP lasted 3-5 min. 'Wl'lile changes in MAP gradually returned toward baseline over the 60-min 
observation period and HR remained low up to 1 hr (Flgul'lls IV. 1 and IV.2). Pea/\ phenytoin levels 
in blood occurred at ;;o sec after dosing (49 ug/ml) and gradually decreased to 14 ug/kg at 60 min 
(Table IV.1). Fosphenytoin resuiied in more gradual decreases in HR (80% of baseline), LvdP/dt (max 
-36% compared to C), and MAP (-40% compared to C and baseline). These changes peaked at 2-3 
min and then slowly ret;imed toward baseline (HR remained low at 1 hr). Effects on L VEDP were 
Yariable and did not appear to :>e as pronounced as !hose produced by phenytoin administration. 
Phenytoin blood levels rose more slowly after fosphenytoin administration, peaking at 5 min after 
dosing (22 ug/m!). Effects on CV parameters appeared to correlate with phenytoin blood levels in both 
cas11s. The rnajor difference between drugs was in effects on LVEDP. i:1e less pronounced effects 
seen P.iter fosphenytoin presumably reflect !he lower peak blood level of phenytoin resulting from its 
administration. 
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G) 
... 

IN VITRO EFFECTS ON HUMAN BLOOD (RR 745-01746. Vol. 1.20). 

Washed cell and plasma from blood collected from 4 human donors were mixed with various 
concentrations of fosphenytoin and phenytoin and compared to positive controls IC1r hemolysis and 
plasma protein flocculation by measuring hemoglobin concentration or optical density. Fosphenytoin 
produced little hemolysis (<0.7%) at any of the concer.tratiC1ns tested (0.15 - 75 mg/ml). Phenytoin 
produced only slight hemolysis (<3.6%) at concentrations up to 5 mg/kg, but essentially complete 
hemolysis was seen at 10, 20, and 50 mg/ml. Fosphenyloin produced no plasma protein floccul"ltion 
at any concentration tested. Phenytoin produced mild flocculation at 20 mg/ml but none at IO\,er or 
higher concentrations, indicating that this may have been an anomalous result. No explanation for the 
difference 1n hemolytic effects was provided. 

H) POTENTIAL RISK ASSOCIATED WITH SYSTEMIC rORMALDEHYDE (RR-MEMO 745-01786, Vol. 
1.31) 

Formaldehyde is generated during the conversion of fosphenytoin to phenytoin by tissue 
phosphatases (t112 approximately 8 min in humans). The theoretical maximum dose of formaldehyde, 
assuming complete, instllntaneous conversion after an iv dose of 2100 mg fosphenytoin (said to be 
maximum human iv dose), and based on a 1:1 molar ratio, would be 155.3 mg (5.17 mmol) or 3.1 
mg/kg (50 kg BW). The theoretical maximal rate of exposure to formaldehyde was calculated as 0.22 
mgll;g/min, based on a fosphenytoin infusion rate of 150 mg/min. (The proposed maximum dose ano 
rate are now 30 mg/kg and 225 mg/min, respectively.) 

The pharmacokinetics of formaldehyde and its major metabolite formate were modeled using data 
from a published report (McMartin et al., Biochem Pharmacol 28:645-649, 1979) in which 
formaldehyde (30 mg/kg) was admir,istered iv to monkeys. Using this model, peak formaldehyde and 
formate concentrations resulting from first order input of 3 mg/kg formaldehyde, with a formation half
life of 8 mir.. were simulated (Figures IV. 3 and IV.4). Peak formaldehyde levels were predicted to 
be approximately 0.18 mmol/L, with concentrations declining to background levels (0.027-0.068 
mmolll.) within 20 min. Maximal formate levels were predicted to be 0.08 mmol/L, which is below the 
baseline levels measured in 2 monkeys in the same published study (0.1 Band 0.27 mmol/L). These 
are worst case simulations analogous to a bolus dose of 2100 mg of fosphenytoin. Background levels 
of f0rmate in humans have been reported in the literature to be 3 to 19 mg/L (0.07 to 0.4 mM). 
Elevations in formate levels were expected to be transient, since an elimination t112 of about 11 min 
was predicted. Metabolic acidosis ant:t other characteristics of methanol poisoning reported in 2 
monkeys lo.lowing administration of a high dose of methanol (3 g/kg) were associated with plasma 
formate levels of 6.4 and 10.5 mmoVL (McMartin et al., above). Plasma formate levels measured in 
4 healthy volunteers following administration of 1200 mg of fosphenytoin by iv infusion over 30 min 
were not significanUy different from those observed in a placebo group (N=5) or from baseline levels, 
which averaged about 25 mg/L. It is thought that endogenous production of formaldehyde during 
normal metabolism in humans amounts to about 36 g/day in a 50 kg person; thus, the estimated 
maximal amount of formaldehyde added as a result of fosphenytoin administration (3.1 mg/kg) 
represents about 0.5% of the daily bOdy burden due to metabolism 

Since the theoretical maximum dose of formaldehyde represents only a fraction of the total body 
burden from normal r 1etabotism, and since the PK simul;,itions indicated that formaldehy'Je 
concentrabons would exc.."ed background levels for a relatively short time, the sponsor considers the 
potential risks assoctated with formaldahyde exposure as a result of fosphenytom administration to 
be negligibl&. 
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V. GENETIC TOXICOLOGY (Vol. 1.31) 

A) AMES TEST (RR 745-01958) 

Fosphenytoin was tested with Salmonella strains TA-98, TA-100, TA-1535, TA-1637. and TA-1538, 
both with and without metabolic activation. In initial rangefinding tests, no toxicity to the 
background lawn occurred, by either plate incorporation or preincubation methods, over 
concentrations ranging from 0.5 to 5000 ug/plate. No increase in revertants occurred for any strain 
in these tests. Confirmatory tests were performed by the plate incorporation method in triplicate 
with concentrati<'n<> ranging from 312.5 to 5000 uglplate. The positive controls produced 
appropriate increases in revertant frequency with each strain. and all background frequencies were 
within historical ranges. No toxicity to the background lawns occurred. Statistically significant 
trends wer!' seen in TA-100, with and without activation, and with TA-98 without activation; 
however. the increases were relatively small and not considered biologically significant. The 
sponsor pointed out that greater (statistically significant) increases in revertant frequency were 
seen with placebo (Tris buffer vehicle) in both of these strains. The maximum response with TA-
100 was 1.4-fold the background level at 5000 uglplate without activation, while the maximum 
increase with TA-98 was 1.7X the background at 625 and 1250 ug/plate without activation. 

Drug lot CM 344120 

B) MUTATION ASSAY IN V79 CHINESE HAMSTER LUNG CELLS (RR 745-01935) 

V79 Chinese hamster lung cell cultures were exposed to fosphenytoin for 3 hr in the presence and 
absence of S9. The concentrations ranged from 100 to 4000 ug/ml in both studies. In dose 
r;mge-find1ng for cytotoxicity. the high concentration produced no effect on cell suNival in the 
absence of S9, but in the presence of S9 there was a 89% reduction in cell survival at 4000 ug/ml. 

In the 2 nonact1vated mutation (HGPRT locus) assay trials. the presence of fosphenvtoin did not 
produce an increase i 1 mutant frequency. The positive control (ethyl methanesulfnnate) produced 
appropnate increases in both trials (>4X background). but the magnitude of the response differed 
markedly between trials (68.2 and 836.4 muta~ts/1 o\ All background frequencies were within 
the acceptdble range (0-15 mutants/106

). 

In both activation trials, the positive control (benzo{a)pyrene) produced appropriate increases in 
mutant frequency. and background frequencies were within the acceptable range. Cell viability 
was reduced by about 40-50% {relative to vehicle controls) at the maximum fosphenytoin 
concentration in both trials. In trial 1, there was a significant quadratic trend due t9 an increase 
in mutation frequency at two intermediate drug concentrations (23 and 24 mutants/10° at 1000 and 
2000 ug/ml, respectively, versus 11 mutants/106 in vllhicle controls) Although not significant by 
linear dose trend analysis. the effect met other criteria for a positive assay, ie. mutant frequency 
at least 2X vehicle control at two or more contiguous drug concentrations and exceeding 20 
mutants per 106 viable cells with 1t least one concentration. In trial 2, however, no effect on 
mutation frequency was seen in fosphenytoin exposed cultures. 

Drug lot: CM 344120 

C) CHROMOSOME ABERRATION IN V79 CHINESE HAMSTER LUNG CELLS {RR 745-02101) 

Fosphenytoin, at concentrations up to 4000 ug/ml (high concentration arbitrarily chosen in the 
absence or cytotoxicity or insolubility), was tested for its ability to induce structural chromosome 
aberrations (SCA) in cultured V79 Chinese hamster lung cells. 
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In assays performecf"wlthout S9 activation, with fosphenytoin concentrations from 500 to 4000 
ug/ml, there was a statistically significant increase in the percentage of cells with aberrations at 
the 12 hr harvest time after expostJre to 4000 ug/ml (8.5% vs 2.5% in vehicle control; 14 and 15% 
after 1 and 1.25 ug/ml mitomycin C). Because this finding did not satisfy the pre-established 
criteria of statistically significant increases at 2 consecutive concentrations, with at least one 
response exceeding the historical control range (0-5% with S9, 0-6.3% without S9), it was not 
considered to be biologically significant. 

Fosphenytoin was tested in the presence of S9 in J separate trials. In the first trial, the positive 
control (C'fclophosphamide) did not significantly increase SCA at either concentration, so the trial 
was considered invalid (data not submitted). In the second trial (Table V.1), with concentrations 
ranging from 1000-4000 ug/ml, the percentage of cells with aberrations and the mean number of 
aberrations per cell were both significantly increased at all concentrations and at both harvest 
times (18 & 24 hr). In many cases, these values were higher than those in the positive control 
groups, which were also significantly increased. In a third trial (Table V.2), with lower 
concentrations of fosphenytoin (125-2000 u9/ml), no significant increase in chromosomal 
aberrations was observed at any dose or harvest time. However, the positive control significantly 
increased SCA only at the highest concentration and only al 1 of the 2 harvest limes ( 18 hr) in this 
trial (met sponsors minimum criteria for valid assay). 

The sponsor postulated that the clastogenic effect was due to the generation of formaldehyde in 
vitro. Phenytoin was reportedly not clastogenic in previous studies with CHO cells (literature 
references), while formaldehyde has been reported to induce chromosomal aberrations in vitro in 
CHO cells at concentrations as low as 5 ug/ml (literature reference). However, attempts to 
measure formaldehyde in cultures in the present ~l,;..iy were unsuccessful. Addition of 
formaldehyde dehydrogenase to the S9 would have been an alternate a~proach. The degradation 
proouct diphenylhydantoic acid, which was said to be present at 1.5 to 2% of total drug in these 
studies (prior to metabolic activation), was considered unlikely to be involved, but this possibility 
was not investigated. 

Drug lot: CM 344120 

D) MOUSE MICRONUCLEUS (RR 745-01898) 

Micronucleus formation in bone marrow polychromatic erythrocytes (PCEs) was determiner! in 
groups of male and female mice (5/sex/group/lime) after administration of single iv doses of 
fosphenytoin (50, 100, or 200 mg/kg) The doses were chosen on the basis of a previous acute 
1v infusion study showing 50 mg/kg to be a no-effect dose and 234 mg/kg to be the combined sex 
LOSO. In the present study, clinical signs were seen at the MD and HD, but no deaths occurred. 
Significant decreases in PCE/total erythrOC'fte ratios were seen in HO groups, indicating bone 
marrow toxicity. Small, but statistically significant (by trend but not pair-wise analysis) increases 
1n m1cronucleated PCEs (MNPCEs) were observed at 24 and 48 hr sacrifice times in HD animals 
when sexes were combined. The elevation in MNPCE frequency was less than twice the placebo 
control rate and was within the historical control range. No significant differences were detected 

in the analysis of individual sex MNPCE data. The positive .:ontrol (cyclophospharnide) produced 
a significant increase (about 12x; in mean MNPCE values at 12 hr compared to vehicle (saline) and 
placebo (Tris buffer) controls. 
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Vil REPRODUCTIVE Td'x'ICITY 

A) SEGMENT I STUDY IN MALE RATS (RR 745-02042, Vol. 1.21) 

1 . Treatment 

Male rats (40/grp) were dosed ·Nitti 0, 25, 75, or 150 mg/kg, im, for 75 days prior to mating 
and throughout mating with untreated females (1:1 cohabitation, 10 day maximum), then 
sacrificed. An additional group remained untreated. Females were either sacrificed on Day 
21 of gestation(~) or allowed to deliver and wean their offspring. 

Strain: Sprague Dawley (Crl:CD BR VAF/Plus) 
Drug !or#: CM 344120 

a) Treatment-related clinical signs included injection site sl<in lesions and salivation 
in MD and HD males, and chromodacryorrhea, corneal opacity, ataxia, 
hypoactivity, and prostration in HD males. Convulsions were seen in 1 HD animal 
on the first day of treatment. Mechanical injuries, 1e, damaged incisors, damage 
or swollen nose, palatine lesion, occurred only in HD rats, and were thus 
considered indirectly T-R. 

b) Two HD animals died during treatment, on Days 11 and 12. In addition, 2 HD 
males were sacrificed after sustaining mechanical injuries. 

c) T-R decreases in BW (10 and 30% in MD and HD, respectively), BW gain (26 and 
92% in MD and HD, r&spectively), and food consumption were observed in MD 
and HD groups during the premating period. 

d) Mean plasma phenytoin concentrations on Day 0 were 4. 7, 18.5, and 37.3 ug/ml 
in LO, MD, and HD males. respectively. On Day 73, levels were 6.6, 20.9, and 
44.9 ug/ml in the same respoctive groups. 

f) All groups had lower than expected fertility indices, but there were no apparent 
relationship to treatment. 

g) Histopathologic evaluation of the right testis on Day 91 revealed no drug-induced 
testicular changes. There were no significant group differences in testicular or 
accessory organ weights, epididymal sperm count or sperrnatid head count, 
p;;: cent motill! sperm, or percent normal sperm morphology. Hemorrhage at the 
injection sne was increased in all treatment groups relative to controls. 

3. Term Sacrifice Parameters 

a) A small increase in pre1mplantat1on loss was seen 1n HD group litters. The mean 
value (12.5%) was within the historical control range, however. 

b) The incidence of stu11ted fetuses was increased in HD group litters. There were 
7 fetuses (6 male) weighing <4 g in 4 HD litters vs 1 stunted fetus in both 
controls. The HD incidence of stunted fetuses was saic · to be within the historical 
control range, and group mean BWs were not different. In addition, 4 of tile HD 
stunted fetuses were in 1 litter with B resorptions. 

c) A statistically significant difference in fetal sex ratio occurred at the MD and HD 
compared to VC, and was outside the historical control range. Howe .er, the VC 
ratio was outside the range in the other direction. The ratio of males to females 
was 47:53, 56:44, 5348, 43:57, and 44:56 for UC, VC. LO, MD, and HD groups, 
respectively. There were no other group differences in fetal developmental 
parameters. 
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4. Deliverv and Offspring Developmental Parameters 

a) There were no treatment-related effects on reproductive parameters in dams 
allowed to deliver (gestation length, uterine implants on Day 21 of lactation, viable 
pups). There were no group differences in offspring sex ratios at birth. 

b) Offspring BWs during the lactation period were comparable among groups. 
Maturation (PN Weeks 3-13) aw was slightly decreased in HO group male 
offspring. 

c) There were no other group diffen!nces in various measures of offspring 
development, including acquisition of developmental landmar!<s, rotorod 
performance, locomotor activity, emotionality, acoustic startle response, and 
shuttle box avoidance behavior. 

B) SEGMENT I STUDY IN FEMALE RATS (RR 745-02092, Vol. 1.23) 

1. Treatment 

Female rats (40/grp) were dosed with O (vehicle), 25, 75, or 150 mg/kg, im, for 15 days 
pnor to mating With untreated males. and throughout mating, gestation and lactation. Half 
of females underwent C-section on Day 21 of gestation, while the remainder were allowed 
to deliver and wean their offspring. 

Strain: Sprague-Dawley (Crt:CO BR VAF/Plus) 
Drug lot#: CM 344120 

a) T-R clinical signs included hypoactivity, ataxia, prostration. r.alivat1on, chewing, 
alopecia. swelling of paw or nose. chromodacryorrhea. hypothermia, dyspnea, and 
eye changes, seen primarily in MO and HD animals. All HD animals exhibited 
signs of neurotoxicity. 

b) Two HO females died and 3 were sacrificed moribund during the premating 
treatment pe1iod. One MO female was sacrificed moribund on Day 23 of gestation 
with treatment related dystocia. 

c) BW and BW gain during the premating period were decreased in MD and HD 
females. Statistically significant weigh! loss of 15.5 g occurred in the HD rats 
cornpared to a mean gain of 12.6 g in VC. Most of the weight loss in both MD and 
HD animals occurred during the first 6 days of treatment. During the gestation 
period, BW garn was significantly decreased by 7 and 45% in the MD and HD 
groups, respectively. During lactation. weight gain in the HD females was 48% 
greater than in VC animals (NS). 

d) Plasr'la phenytorn concentrations on Day 7 of gest:;ition are shown in Table Vl.1. 
e) There was a 0-R increase in the number ct females with prolonged diestrus in the 

MD and HO groups, and an increase in the number of females with prolonged 
estrus (>2 consecutive days) at the HO. Five HO females were in constant 
diestrus during the treatment period and 13 were in diestrus on 15 of 16 days of 
treatment. All HD females had a~normal estrous cycles consisting of prolonged 
estrus, prolonged d1estrus, or an estrous cycle length of 7 days. There was also 
a 0-R decrease rn the number of .... +rous cycles completed in MO and HD groups. 

t) There were no effects of treatment on mating or fertility indices. but number of 
davs to mating was increased istatistically significant) in the HO group (Table 
VI.<!) 
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g) •• 
There was an increase 1n gross pathology findi:igs of small thymus. injection site 
lesions, alopecia, and ocular abnormalities {chromodacryorrhea, enlargement. 
opacity, and/or lens prolapse) in FO females at necropsy. 

Table Vl.1. Plasma Phenytoin Concentrations 

Fosphenytoin 
Dose {mg/kg) 

25 
75 

150 

Cmax 
{ug/ml) 

5.80 
18.7 
38.0 

tmax 
{hr) 

1.0 
1.0 
1.0 

AUC (0-6) 
(ug*hr/ml) 

17.8 
84.5 
189 

Table VI.:. Fertility Data 

O {untreated) 

Mating Index{%)' 95.0 
Fertility Index (%)2 94.7 
No. days to mating 2.2 :!: 0.18 

Mating inaex - Number r.opu ate11 x 1uu 
Total Cohabited 

2 Fertility Index= Nurnber Pregnant x 100 
Number Copulated 

3. C-Section Data 

Female Fosphenytoin Dose {mg/kg) 

0 {vehicle) 25 75 150 

90.0 95.Cl 92.5 94.3 
88.9 92.1 91.9 90.9 
2.4 ± 0.23 2.3 ± 0.22 2.6 ± 0.23 3.5 ± 0.37 

a) Corpora lutea, implants, litter size. and live fetuses were decreased and % pre
and postimpiantation toss were increased in the HD group {all but corpora tutea 
and preimptantation loss statistically significant compared to VC; Table Vl.3). 
Fetal BWs were s1gnificantiy decreased in MD (7% below VC) and HD (50% below 
VC) litters. 

b) The overall malformation incidence and 1nc1dences of extemal/visccral 
malformations, external/visceral variations. and skeietal variations were increased 
in HD fetuses (Tables Vl.4a and Vl.4b). The percent of fetuses per litter and 
perce:it of litters with external/visceral malformations was 5-1 O times those ol 
concurrent and historical controls. These rnalformations included brain (missing 
occipital lobe and missing portion of temporal lobe. h1stolog1cally decreased 
c:erebral cortex size). cardiovascular, limb (ectrodactyly). and rcprod1.0ctive tract 
(hermaphrodite) defects. One LO fetus also had a brain malformati:>n 
(microcephaly with dilated fourth ventricle and missing telencephalon). The effect 
on external/visceral variations was due to an increase in stunted fetuses; 100% 
of HO fetuses were stunted (BW <4.0 g). The number of stunted fetuses was also 
increased at the MD. Increased incidences rudimentary ribs and of hypoptastic 
and unoss1f1ed bones in the skull, pelvis, and vertebral column were seen in HD 
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litter$. In addition, misshapen. bifid, and dumbbell-shaped centra occurroo more 
frequently in the MD and HD groups. Significantly decreased ossification was 
seen in MD and HD fetuses. 

4. Delivery Data 

a) Parturition was significantly delayed in the HD group. Five HD females delivered 
live litters on Day 24 of gestation and a sixth delivered 1 cann1.>alized pup on Day 
24. Three HD and 1 VC females were sacrificed after failing to deliver by Day 24, 
and live pups w11re found in utero. One additional HO dam sacrificed on Day 24 
had total litter resorption. One MD dam was sacrificed moribund during parturition, 
and 1 LO dam had retained placenta and fetuses at necropsy on Day 4 of 
lactation. 

b) Implants, litter size, and number of live pups were significantly decreased and 
postimplantation loss significantly increased at the HD (Table Vl.5). 

c) Pup birth weights were decreased in HD litters. Postnatal BW gain through week 
4 was decreased in MO and HD offspring. 

d) Postnatal survival was decreased in HD offspring, especially in the neonatal 
period (survival 63% vs 96% in controls). 

e) Clinical observations of chromodacryorrhea (9 pups in 5 litters) and circling (1 
pup) were made only in HD offspring. Eye opening was significantly delayed in HD 
offspring. There were no group differences in external or visceral malformations 
among F 1 neonates, 
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Table Vl.3. Caesarean Secti . Data (group mean ± SE) 

Fosphenytoin Dose (rng/kg) 

O (untreated) C1 (vehicle) 25 75 150 

Nu~ber of Litters 17 16 17 17 16 

Corpora Lutea (no.) 16.6 ± 0.47 15.8 t 0.46 1G.1t0.44 16.B t 0.62 14.8 t 0.73 

Uterine Implants 14.8 ± 0.88 14.6 t 0.83 15.ti t 0.43 15.4 t 0.60 12.8 t 0.79 

Live Fetuses 13.7 t 0.91 13.6 t 0.88 14.6 :I: 0.48 14.0 t 0.76 10.0 t 1.12 

Resorption 1.1±021 0.9 t 0.27 1.0 t 0.23 1.4 t 0.41 2.8 ± 0.71 

Litter Size 13. 7 t 0.91 13.6 :1: o.ee 14.6 t 0.48 14.0 :I: 0.76 10.0±1.12 

Preimplantation Loss (%) 5.6±1.58 8.8 :I: 4.0~ I 3.2±1.12 8.2 :I: 2.63 13.7 :I: 3.58 

Postimplantation Loss 12.1:I:5.34 6.8 :I: 2.14 6.5 :I: 1.49 9.5 :I: 2.84 23.5 :I: 6.05 

Fetal Body Weight (g) 
Mali. 5.1:I:0.06 5.1:I:0.08 5.1:I:0.09 4.8 :I: 0.11 2.6 :I: 0.21 
Female 4.8 :I: 0.06 4 9 :I: 0.08 4.9 :I: 0.07 4.5 :I: 0.12 2.4 :I: 0.22 

Table Vl.4a. External and Visceral Findings in F1 Fetuses 

·-
Dose (mg/kg) 

, ... , 
untreated vehicle 25 75 150 

~· 

No. of fetuses examined 247 218 248 243 155 
No. of litters examined 17 16 17 17 16 
Malformed fetuses (litters) 1 ( 1) 1 ( 1) 3 (3) 0 (0) 6 (5) 

Malformations 
Arophthalmia 1 ( 1) - - - -
Brain - malformed - - 1 !H - 1 ( 1) 
Aortic arch - stenosis - - - -

- interrupted - - - - 1 1 
- retroesorha~eal - - - - 1 1 

lnterventricular septa de eel - - - - 1 1 
Ectrodactyly - - - - 2 1 
Hermaphrodite - - - - 1 1 
Situs 1nversus - 1 ( 1) - - -
Tail - thread-like - - 1 (1) - -

Vanalions 
Brain - dilated ventricles, slight q1! - - - -
Hematoma - ventral aspect - - - -
Kidney - dilated /61vis 2 ~2 2 2 11 \5l ~ ~~l -

- reduce papilla & dilated pel'!is 1 1 7 3 4 2) 1 ( 1) 

I Liver - lobulated lobe - 1 1 - - -
Stunted (<4.0 J) ~ mi 2 2 

1§ l?? 25 \6l 155 (16) 
Ureter - dilate B 4 7 o, 4 3) v, 
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Table Vl.4b. Skeletal Findings in F1 Fetuses 

Dose (mg/kg) 

untreated vehicle 25 75 150 

No. of fetuses examined 171 149 173 152 105 
No. of litters examined 17 16 17 16 15 
Malformed fetuses (litters) 3 (2) 0 (0) 1 (1) 1 (1) 3 (2) 

Malformations 
Digits 

2 (1) - ectrod:actyly - - - -
Ribs 

- malformed - - - 1 (1) -
- aRenesis - - - - 1 ( 1) 

Vertebra column 
- 1 less presacral vertebrae 3 (2) -

~ !H - 2 (2) 
- agenes1s - - - -
- malformed - - - -

Variations 
Limbs 

- calcaneus ossified 7 (4) 2 (1) 6 (3) - -
Pelvic girdle 

- unossified - - - - 20 (7) 
- hypoplastic - - - - 9 (4) 

Ribs 
- wavy - i !il 

- - -
- short last 

~ !~l i !~l ~ !~! 
5 ('Y 

- extra rudimentary 1f <~l - extra ceNical 
Skull 

- hypoplastic - 2 (1) 1 (1) - 24 (7l 
- unossified 2 (2) - - - 10 (5 

Sternum 
- as~mmetric - 1 ( 1) 1 (1) - -

Vertebra column 
- extra presacral vertebrae 

~ l~l 
- - 11\~) 1~\~i - misshapen centra ~mi ~ !~l - bifid centra 8 (4) 

- hypoplastic arches - - - - 20 6 
- figure 8-shaped centra - l2 \2;0) 11 «Y> 2i«~) 6~ (r4) - unossified ventral tubercle 29 (12) 
- caudal/sacral vertebrae unossified - - - - 27 7) 
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Table Vl.5: FO Dam Delivery~ Maternal and Litter Parameters' 

Treatment Untreated Vehicle Fosphenytoin (mg/kg) 

Dose 0 25 75 150 

Gestation duration (days) 22.2 :I: 0.10 22.1:I:0.07 22.1 :!: 0.06 22.3 :I: 0.11 23.6 :I: 0.22 
No. females in subgroup 20 20 20 20 18 
No. gravid 18 16 18 17 14 

2 4 2 3 4 No. nongravid 
No. wt total resogition 0 0 0 0 1 
~o. sacrificed G 24 0 1 0 0 3 
No. sacrificed moribund 0 0 0 

17• 
1 0 

No. wt viable litters 18 15 16 10 
Livebom 14.4 :I: 0.54 14.1 :!: 0.67 14.0 :I: 0.36 12.8 :I: 0.92 8.9 :I: 1.51 
Stillbom/,jead Day O 0.4 :I: 0.14 0.3 :!: 0.15 0.2 :!: 0.13 0.4 :I: 0.18 0.5 :!: 0.27 
Litter size 14.4 :!: 0.67 14.8 :I: 0.51 14.2 ± 0.38 14.1 :I: 0.97 9.4 :!: 1.51 

16.3 :I: 0.57 15.0 :!: 0.73 15.6 :t 0.29 15.0 :!: 0.98 11.9±1.35 Implant sites 
Postimplantation loss (%) 11.3:1:2.77 5.3 :!: 1.82 9.5 :!: 1.85 7.8±1.65 28.6 :!: 9.22 

; ~~8t/Rl~e~'liiliJi~. if!'RFF.R,111.PtB~ffl.'8 pups and retained fetuses in utero. 

C) INTRAVENOUS TERATOLOGY STUDY OF FOSPHENYTOIN IN RATS (RR 745-01973, Vols. 
1.25-26). 

1. Treatment 

Pregnant rats (40/group) were treated with 0 (vehicle), 10, 50, or 100 mg/kg, iv, on 
gestation Days 7 through 17. An untreated control group (N=40) was evaluated 
concurrently. C-sections were performed on 25/group on Day 21; the remaining 15/group 
were allowed to deliver and rear offspring. At weaning, 1/sex//litter were retained for 
behavioral evaluation, and 1/sex/litter were retainP.d for evaluation of reproductive 
pertormance. 

Strain: Sprague Dawley (Crt:CD BR VAF/Plus) 
Drug lot#: CM 344120 

2. FD Effects: 

a) T-R dinical signs, including salivation, chewing motions, hypoactivity, ataxia, and 
limb rigidity, were noted in HD dams. Salivation was also seen in MD dams. 

b) Four HD dams died during treatment (2 dosing accidents, 2 possibly T-R) and 
another was euthanized due to broken limbs. 

c) Gestational BW gain was decreased during (38%) anc; following (18%) treatment 
in the i-ID group. 

3. Maternal plasma levels 

Mean plasma phenytoin concentrations measured 1 hr postdose (ie, not peak) on 
gestation Day 17 increased approximately dose-proportionally (Table Vl.6). One sample 
fror;: a vehicle control had measurable phenytoin levels !or unknown reasons. 
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Table Vl.6: Maternal Plasma"'t1rug Levels 

Treatment Vehicle F osphenytoin 

Dose (mg/kg) 0 10 50 100 

No. Dams 5 5 4 5 

Phenytoin concentration {ug/ml)• 0.25 ± 0.55 4.10 ± 0.56 24.0 ± 1.62 43.3 ± 6.27 

• Mean ± SE; samples taken about 1 hr postdose on gestation Day 1 7 

4. C-Section Data 

Term fetuses were examineJ for external and palatine abnormalities. All fetuses were then 
examined by fresh dissection for visceral abnormalities, and skeletal examinations were 
perfor"led on 2/3 of the fetuses from each litter. The heads of the other 1/3 were fixed 
and examined for abnormalities. 

a) Postimplantation loss was increased about 2-fold in HD dams compared to 
concurrent and historical controls. 

b) Mean fetal BW was decreased (30% below VC) in the HD group. 
c) Increased incidences of skeletal malformations (slight; pnmarily hemicentra). 

external/visceral variations, and skeletal variations were seen in HD litters {Table 
Vl.7). The increase in variations was due to a marked increase in growth retarded 
fetuses in HD litters; 60% of HD fetuses were stunted (BW <4 g) 

5. Deliverv Data 

a) The duration of gestation was significantly increased in the HD group. 
b) Postimplantation loss was slightly increased at the MD and HD {Table Vl.8). 
c) Birth weights were significantly decreased {1'l%) in HD males and females. 

Weight gain was comparable among groups during lactation, but weight gain from 
week 3 through 13 and mean weights at week 13 were decreased in all treated 
male offspring (5, 6, and 15% less than VC, all statistically significant) and in HD 
female offspring (7%, NS). 

d) Vaginal opening was delayed in MD ana HD female pups. 
e) Two littermates in the HD group exhibited abnormal circling behavior, and 27 pups 

f~om 8 HD litters and 1 MD pup had chromodacryorrhea. Both have previously 
been associated with prenatal phenytoin exposure. One of the HD circlers later 
died (P 23). 

t) Locomotor activity was increased in HD males on P 42; however, this was due to 
the increased activity of a single HD pup. No group differences were found in 
acoustic startle parameters on P 43 or in shuttle avoidance parameters during 
week 9. 

g) Reproductive parameters were comparable among F1 groups. 
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Table Vt7: Incidence of Feta1 ~alformations and Variations 

Treatment 

Dose (mg/k,~) 

No. fetuses/litters 
examined 

No. fetuse:s/litters 
with malfom1ations 

Percent ffltuses per 
litter with:• 
Ext/vise rnalformations 
Skeletal malformations 
Ext/vise variations 
Skeletal v<1riations 

Percent litters with:• 
Ext/vise malformations 
Skeletal malformations 
Ext/vise variations 
Skeletal variations 

"Mean :1: SE 
•Group mean 

Untreated 

326/24 

212 

06 :I: 0.43 
0.9 :I: 0.61 
6.3 :I: 1.85 
29.0 :I: 5.86 

8.3 
8.3 
41.7 
70.8 

Vehicle 

0 

298123 

212 

0.6 :I: 0.40 
0.9 :I: 0.60 
10.7 :I: 3.13 
21.0 :I: 4.02 

8.7 
S.7 
52.2 
69.6 

Table Vl.8 FO Dam Delivery - Maternal and Litter Parameters' 

Treatment 

Dose 

No. delivered: 
Day 20 
Day 21 
Day 22 
Day 23 

Gestation duration 

No. females 111 subgroup 
No. gravid 
No. non gravid 
No. w/ implants only 
No. w/ viable litters 

Live born 
Stillborn/dead Day O 
Litter size 
Implant sites 
Postimplantation loss (%) 

' Mean ± SE, where applicable 

Untreated 

0 
2 
12 
0 
21.9 :I: 0.10 

15 
14 
1 
0 
14 

13.8 ± 0.35 
0.1 ± 0.07 

13.9 ± 0.35 
15.1 ± 0.32 

8.4 ± 1.89 

Vehicle 

0 

1 
0 

12 
0 
21.8 :t 0.15 

15 
15 
0 
1 
13' 

13.4 ± 0.21 
0.2 ± 0.12 

13.6 ± 027 
13.9 ± 0.97 

9.0 ± 1.51 

32:l/25 

1/1 

0.3 :I: 0.31 
0 
5.4 :I: 1.74 
24.5 :I: 3.44 

4.0 
0 
44.0 
88.0 

10 

0 
2 
12 
0 

21.9 ± 0.10 

15 
15 
0 
1 
14 

13.9 ± 0.42 
0.4 ± 0.14 

14.3 ± 0.45 
14.2 ± 1.03 

8.3 :I: 1.56 

• I nclui:les 1 animal that died during treatment 
' Excludes 1 dam unable to deliver, sacnticed on Day 24; 1 fetus in uterus 
' Includes 1 dam with litter size <8: excluded from group mean calculations 
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Fosphenytoin 

50 

337124 

3/3 

0.3 :I: 0.30 
0.8 :I: 0.55 
3.7 :I: 1.18 
24.0 :I: 4.28 

4.2 
8.3 
37.5 
91.7 

Fosphenytoin 

50 

0 
0 
13 
1 
22.1 ± 0.07 

15 
14 
1 
0 
14• 

12.1 ± 0.94 
0.6 ± 0.29 

12.7 ± 0.93 
14.4 ± 0.98 
13.8 ± 4.50 

100 

244/20 

6/5 

0.7 :t 0 50 
2.9 :I: 1.39 
68.8 :t 7.79 
54.2 :I: 7.25 

10.0 
20.0 
900 
95.0 

100 

0 
0 
8 
6 
224±014 

rn· 
0 
0 
14• 

124±06!3 
05±0Z3 
129±070 
14.1±000 
13.0±29J 



0) INTRAVENOUS TEftA'rOLOGY STUDY IN RABBITS (RR 745-0~931, Vol. 1.27). 

1. Treatment 

Pregnant rabbits (20/group) were treated with 0 (vehicle}, 10, 25, or 50 mg/kg, iv, on 
gestation Days 6 through 18. An untreated control group (N=20) was evaluated 
concurrently. C-sections were performed on Day 30 of gestation. 

Strain: New Zealand White 
Drug lot#: CM 345120 

2. FO Effects: 

a) Chewing signs during or after dosing Wf'rP observed in MD and HD animals. 
Additional signs that occurred daily during treatment in 1 or 2 HO does included 
ataxia, limb rigidity, and shallow rapid breathing. 

b) None of the treated or control animals died during the study. 
c) 0-R suppression of food consumption and BW gain was evident during the 

treatment period in MD and HO does (statistically significant at HD). BW gain was 
significantly increased in HO does during the postdosing period. 

d) Mean plasma phenytoin concentrations measured 1 hr postdose on gestation day 
18 increased approximately dose-proportionally (Table Vl.9). HD levels were 1.5-
3.5 times the generally accepted range of therapeutic concentrations (10-20 
ug/ml). 

Tabl11 Vl.9: Maternal Plasma Drug Levels 

Tre.atment Vehicle Fosphenytoin 

Dose (mg/kg) O 10 25 50 

No. pregnant animals 5 5 4 4 
Phenytoin concentration (ug/ml)" O 7.1 ± 1.3 17 'i ± 1.3 35.0 ± 1.5 

No. nonpregnant O 0 1 1 
Phenytoin concentration (ug/ml) O 0 22.1 39.2 
'Mean :t SE, samples taken about 1 hr postdose on gestation Day 18 

3. Reproductive and Fetal Parameters 

a) None of the animals aborted, delivered early, or had total resorption. 
b) The numbers of corpora lutea, implantation sites, live, dead, and ;esorbed fetuses 

were comparable across groups. Pre- and postimplantation loss were not affected 
by treatment. 

c) Fetal weights were slightly decreased at the HD. 

4. Fetal Evaluation 

There were no group differences for external. visceral, and skeletal malformations or 
variations. 
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•• E) PERINATAL-POSTNATAL STUDY IN RATS (RR 745-02071, Vol. 1.28). 

1. Treatment 

Female rats (251group) were treated with 0 (vehicle), 25, 50, or 100 mg/kg, iv, from Day 
15 of pregnancy through Day 20 postpartum. An untreated control group was also 
included. The dams were allowed to deliver and rear offspring. F1 offspring were 
evaluated for survival, clinical appearance, growth, behavior, and reproductive 
performance. 

Strain: Sprague Dawley (Crl:CD BR VAF/Plus) 
Drug lot #: CM 345120 

2. FO Effects: 

a) Clinical signs observed with increased frequency in treated females (primarily at 
HD) included excessive chewing motion, salivation, hypoactivity, citaxia, and 
prostration 

b) One MD and 9 HD dams die•1 or were sacrificed moribund during dosing, all 
apparently as a result of treatment. One VC dam died of unknown causes. 

c) Maternal BW gain during the gestational treatment period was significantly 
decreased (-1g%) by the HD. Weight gain during the first 2 weeks of lactation was 
also suppressed at the HD (-20-30%), but overall lactational weight gain was 
comparable among groups. Food consumption was decreased during the entire 
treatment periOd in HD dams. 

d) Mean plasma phenytoin concentration determined 1 hr after dosing on the last 
day of treatment (PND 20) were 6.67, 12.7, and 29.2 ug/ml in LO, MD, and HD 
groups, respectively. 

3. Parturition (Table Vl.10) 

a) One MD and 5 HD dams died around the time of parturition (GD 22-23). All were 
found to have fetuses in utero. and all dead HD dams had resorptions. 

b) ·A statistjcally significant increase in the duration of gestation was seen in the MD 
and HD 11roups compared to vehicle controls. 

c) The number of stillborn pups or pups that died on pos•natal Day O and the percent 
postim;ilantation loss were increased in all treatment groups relative to VC; the 
increase in stillbirth was statistically significant at the HD. At the LD, this finding 
was due to 1 litter with 17 dead pups. 
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Table Vl.1 O: FO Dam Deliver'] ! Maternal and Litter Parameters• 

Treatment Untreated Vehicle Fosphenytoin 

Dose 0 10 50 100 

No. delivered: 
Day 21 2 0 1 0 0 
Day 22 15 21 15 12 3 
Day 23 5 1 6 10 15 
Day 24 0 0 0 0 1 

Gestation duration• 22.1:1:0.12 22.0 :I: 0.05 22.2 :I: 0.11 22.5 :I: 0.11 22.9 :I: 0.11 

No. mated females 25 25 25 25 25 
No. grdvid 22 24 22 23 24 
No. nongravid 3 ; 3 2 1 
No. dying/sacrificed 
pnor to delivety 0 1 0 1 5 
No. dying postpartum 0 0 0 0 4 
No. of viable litters 22 22 22 22 19 
No with total dead litters 0 0 1 0 0 
No. with total resorption 0 1 1 0 0 
Livebom• 14.2 ± 0.65 15.3 t. 0.41 13.6 ± 0.87 14.6 ± 0.62 13.8 ± 0.92 
Stillborn/dead Day 0 0.2 :I: 0.15 0.2 ± 0.08 1.0 :I: 0.78 1.0 ± 0.48 1.4:1:0.72 
Litter size 14.5 ± 0.65 15.5 ± 0.41 14.5 ± 0.59 15.5 :t 0.43 15.2 :t 0.59 
Implant sites 15.6 ± 0.70 16.7 ± 0.38 15.6 ± 0.56 17.2 :t 0.28 16.4 ± 062 
Postimplantation loss (%) 8.6 :I: 1.55 9.0 :I: 1.62 12.6 :I: 4 55 14.3 ± 3.38 15.8 :I: 4.55 

•Mean± SE 

4 F 1 Neonatal and Weanling P;;;rameters 

a) Survival at birth was decreased in all treatment groups, and was statistically 
significant at the HD. Subsequent survival was not affected by treatment. 

b) Offspring BW at birth and postnatal weight gain through weaning were decreased 
( 10% compa1 ed to VC; statistically significant) in HD males and temales. This 
effect on pup BW at the HD persisted into the maturation period (below). 

c) Several developmental landmari<s (pinnae detachment, lower incisor eruption. and 
testes descent) appeared significantly earlier in treatment groups than in controls. 
This can be attribu1ed to their increased time of in utero development. There were 
no group differences for eye opening and vaginal opening. All pups responded 
positively to the visual placement test on PND 21. 

d) In external and visceral examinations perform!!d on stillborn, dead, and pups 
sacrificed at weaning, malformation were found in 1 untreated control pup (patent 
ductus arteriosus) and 2 HO pups (unilateral forepaw brachydactyly; 
microphthalmia, microstomia, short tail, and malformed nose). 

e) Structural variations of the ureter and kidney were increased 1n MD and HD litters 
compared to C. Al the MD, almost all observations came frc n 1 litter. In the HD 
group, findings were primarily from 2 litters. All kidney/ureter variations were 
observed in pups from dams thal died dunng late gestation. 
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5. F1 Offspring'!l&havior 

a) Rotorod performance was comparable among groups. 
b) Treated male offspring were different (NS) from controls on several measures of 

activity on PND 42: total dislance traveled during minute 2 was increasad by 13% 
in LO and MD males and by 41% in HD males and was elevated by 21%, 27%, 
and 32% during minute 3 in the LO, MD, and HD groups, respectively; average 
speed was elevated 14-20% at the HD for minutes 2-4, relative to VC; vertical 
movements during minute 3 were increased 29, 19, and 40% in LO, MD, and HD 
males, respectively; vertical time was increased 33 and 70% during minute 2 in 
MD and HD males. respectively, and during minute 3 was elevated 41, 39, and 
52% in LO, MD, and HD males, respectively; and the amount of time spent i~ the 
center of the open field was 38% less in HD males. Increased activity has been 
reported previously in rats prenatally exposed t;i phenytoin. 

c) Results of acoustic startle testing on PND 43 indicated no T-R differences in 
startle response. 

d) Increases (NS) in shuttle box avoidance responding, recall testing, and number 
of crossing were observed in MD and HD males relative to VC during postnatal 
Week 9, presumably secondary to hyperactivity. 

6. F 1 Offspring Maturation Parameters 

a) Weight gain over PN weeks 3-13 and BW at 13 weeks were decreased (5-10%) 
in HD males (significant) and females (NS). 

b) Reproductive performance flf F1 animals was comparable among groups. 
Although corpora lutea were slightly decreased in HD females at term, the value 
was within the historical control range. An increased incidence of stunted fetuses 
'''a~ found in litters born to HD group F1 females at term sacrifice, but the number 
of affec.\;!d litters was the same as in the control group. 
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VII. SUMMARY 

PHARMACOOYNAMICS 

In the initial pharmacological evaluation by NINOS, fosphenytoin showed good anticonvulsant activity in the 
MES test but, as exoectect, was not active in the scMET lest Activity against MES-induced seizures was 
equivalent lo that of phenytoin after ip and oral administration (Table 1.1 ). Fosphenytoin displayed slightly 
greater toxicity (Rotorod TOSO) after ip administratior:, possil>ly due lo more rapid absorption. The 
anticonvulsant potency of fosphenytoin against MES-induced seizures in mice was not significantly different 
than that of phenytoin either 10 or 30 minutes after iv dosing, and the lime courses of anticonvulsant action 
were comparable tor the two drugs (Tables 1.1 and 1.2). 

The ability of fosphenytoin to reverse cardiac glycoside-induced arrhythmias in intact dogs was similar lo that 
of phenytoin when the two drugs were administered intravenously, although phenytoin restored normal rhythm 
marginally faster. In an in vitro preparation, it was determined that the prodrug had no inherent antiarrhythmic 
effect. 

In a study comparing the hemodynamic effects of iv infusion of equimolar amounts of fosphenytoin or 
phenytoin to anesthetized dogs, both drugs produced markl!d reductions in blood pressure, heart rate, and 
left ventricular contractility. When equimolar doses of the two drugs were rapidly infused (40 mg/kg PE over 
2 min), changes in CV parameters were similar but some·Nhat more pronounced after fosphenytoin than after 
phenytoin. The onset of action was slightly delayed by fosphenytoin administration, and CV effects appeared 
to correlate with plasma phenytoin levels (Figures 1.1-3). When lower equimolar doses (21 mg/kg PE) of 
fosphenytoin or phenytoin were infused over 15-30 min, the maximum effects (reductions in diastolic BP and 
contractility) were comparable and were observed at similar plasma levels of phenytoin (Figures 1.4-6). The 
maximum effects of fosphenytoin appeared to be primarily determined by the total dose rather than the rate 
of administration. At times When plasma levels of both fosphenytoin and phenytoin (formed from fosphenytoin) 
were high, effects were not greater than those seen at comparable levels of phenytoin alone: therefore, ii did 
not aopear that fosphenytoin had any significant hemodynamic effects of its own in vivo under the conditions 
of this study. However, under in vitro conditions in Which less than 1 % of phenytoin was present. fosphenytoin 
(EC50=43 ug/ml) had a cardiac depressant effect similar to that of r~enytoin (EC50=27 ug/ml) in guinea pig 
left atrial preparations (Figure 1.7). No such intrinsic activity of fosphenytoin was seen in guinea pig right atria. 

Fosphenytoin was shown lo reduce brain damage in several models of ischemic stroke, but did not protect 
against NMOA-induced brain damage. 

Absorption and Pharmacokinetics 

Single-dose studies were performed in rats and dogs to compare fosphenytoin and phenytoin 
pharmacokinetics following im and iv administration Peak blood levels of phenytoin were greater (5-fold) 
following im administration of fosphenytoin 1115-500 mg/kg) to rats than after im administration of phenytoin 
(equimolar). indicating that prodrug administration significantly enhanced phenytoin bioavailability. 

After an iv dose of 14.8 mg/kg of fospherytoin (equivalent to 10 mg/kg of phenytoin) to dogs, fosphenytoin 
t1/2, Vd, and AUC values averaged 2.6 min, 150 ml/kg, and 255 ug·min/ml, respectively. The Cl of 40.2 
ml/min/kg approximated hepatic blood flow, which would be \:onsistent with metabolism to phenytoin by 
phosphatases in kidney and liver. Fosphenytoin was not detectP.J in blood at 30 min postdose. Peak phenytoin 
levels (mean 6.98 ug/ml) were reached at 3.3 min, with the formation t1/2 averaging 0.42 min. During the first 
30 min after administration of phenytoin, phenytoin levels were higher than after administration of 
fosphenytoin, but thereafter, levels were similar. The elimination t1/2, Cl, Vd, and AUC of phenytoin were not 
significantly different after iV administration of fosphenytoin or phenytoin sodium (Table 11.1 ). The bioavailability 
of phenytoin after iv fosphenytoin administration averaged 97%. The metabolic elimination pattern was not 
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different after iv prodrug, with the m-HPPH glucuronide constituting the major urinary metabolite and 
accounting for approximately the same % of the dose (55%) after administration of either drug. 

After im administration of fosphenytoin (14.8 mg/kg), fosphenytoin levels reached a mean peak of 20.4 ug/ml 
at 10 min (Table 11.3), then rapidly decreased such that fosphenytoin was not detectable in plasma after 120 
min. Tt.e absorption and elimination t112 values averaged 3.2 and 17.4 min, respectively. The appearance of 
phenytoin in the plasma was fairiy rapid after im administration of fosphenytoin. The formation t112, Cmax, and 
tmax for were 24.7 min, 6.8 ugtml, and 76.9 min, respectively (Table 11.2). The corresponding values after im 
administration of an equimolar dose of phenytoin were 17.4 min, 2.16 ug/ml, and 68.1 min for the absorption 
t1/2, Cmax, and tmax, respectively. The elimination t112 and apparent volume of distribution of phenytoin after 
fosphenytoin administration averaged 164 min and 1058 mUkg, respectively, which were significantly different 
than corresponding values of 369 min and 4086 mUkg, respectively, obtained after im phenytoin. These 
resul!s are consistent with precipitation of phenytoin at the injection site, with slow release inlo the circulation. 
The AUC values obtained after administration of phenytoin were substantially lower than phenytoin AUCs after 
fosphenytoin, indicating that the bioavailability of phenytoin administered as fosphenytoin was increased 
compared to phenytoin sodium after im administration. Fosphenytoin was completely absorbed after im 
administration of a dose of 14.8 mg/kg (10 mg/kg PE) to dogs (Table 11.3). 

The exposure to phenytoin following im administration of fosphenytoin (14.8 mg/kg) to dogs was essentially 
the same as that after iv administration of the prodrug (Table 11.4). Although the rate of conversion to 
phenytoin was slower after im than iv fosphenytoin, and time to peak plasma phenytoin level was longer, other 
phenytoin parameters (Cmax. elimination 1112, Vd, Cl, and AUC) were equivalent. 

Protein Binding 

In vitro binding of [14C)-fosphenytoin to dog and human plasma proteins was assessed by uttrafiltration. 
Binding of 20 ug/ml to dog and human plasma proteins averaged 91.3% and 95. 7%, respectively. Albumin 
accounted for 88% of the fosphenytoin binding to human plasma proteins. Phenytoin binding decreased with 
increasing fosphenytoin concentrations. At a DPH concentration of 5 ug/ml, the free fraction of phenytoin 
increased from 4 to 18% when the fosphenytoin concentrations increased from 7.5 to 500 uglml. These results 
indicate that at high concentrations, fosphenytoin may enhance the pharmacological or toxicological effects 
of phenytoin by displacing DPH from its binding sites. 

Drugs highly bound to albumin, such as phenylbutazone, sulfisoxazole, or wartarin, can displace fosphenytoin 
from binding sites on albumin. When toxic concentrations of AEDs such as PHB, DPH, or VPA were added 
to plasma, the drugs significantiy increased (5-20%) the free fraction of fosphenytoin. DiazeJJ.:-m, phenytoin, 
and carbamazepine at a concentration of <10 ug/ml did not change the free fraction of fosphenytoin. Since 
fosphenytoin has little intrinsic pharmacological effect, the changes in free fraction should have no clinical 
significance. Addition of fosphenytoin at equimolar concentrations to carbamazepine, phenobarbital, or VPA 
resulted in small but significant displacement of these drugs from its plasma binding sites. The degree of 
displacement of diazepam or carbamazepine was not enhanced by increasing the concentration of 
fosphenytoin 30-80-fold. The slight increase in free fraction of these drugs caused by fosphenytoin is unlikely 
to have clinical significance. 

In Vitro Hydrolysis 

The in vitro hydrolysis of fosphenytoin to phenytoin was examined in tissues and whole blood :rom rats and 
dogs and in human whole blood. Rat whole blood and tissue hydrolyzed fosphenytoin rapidly, with kidneys, 
small intestine. and liver exhil'iting the highest phosphatase activity. Dog and human whole blood hydrolyzed 
the drug much more slowty. Mean in vitro half-lives of fosphenytoin in rat, dog, and human whole blood were 
5.89. 321. and 189 minutes, respectively. Faster prodrug conversion was observed in dog tissue 
homogenates, with the small i.,t,.stine. kidney, and liver again the most active in mediating hydrolysis of the 
prodrug. Studies with partially purifi~'CI enzymes revealed that fc-sphenytoin was a better substrate for alkalir.e 
phosphatase than for acid phnspr.atase. Despite the presence of alkaline phosphatase activity in plasma, in 
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vitro hydrolysis of fosphenytoin was slow in dog and human blood compared to in vivo conversion. There was 
no explanation for the discrepancy between in vitro and in vivo fosphenytom conversion times. 

JM Injection Site Accumulation 

Potential accumulation of phenytoin in dog hindlimb muscles was assessed follOWing single- and multiple-dose 
(BID) im administration of 14C-tosphenytoin (10 mg/kg) and 3H-phenytoin {10 mg/kg). At 8 hr following 
simultaneous single-dose administration, phenytoin concentrations at the injection site were 150-fold greater 
in the hindlimb injected with phenytoin compared to the limb injected with fosphenytoin. The difference 
increased to 2500-fold following repeated administration, indicating increased accumulation of precipitated 
phenytoin at the injection site. Although im phenytoin consistently resulted in edematous swelling at the 
injection site, im fosphenytoin did not precipitate or cause tissue damage following single or multiple-dose 
administration. 

Distributi?n, Metabolism, and Elimination 

Following iv bolus admi.iistration of 14C-fosphenytoin (10 mg/kg; label on hydantoin ring), both tissue 
distribution and elimination were rapid. Highest levels of radioaetivity in blood, heart, kidneys, liver. lung, and 
spleen were measured within 5 min postdose. Highest brain levels {0.2% of dose) occurred at 10-60 min 
Three radioactive peaks were identified as p-HPPH glucuronide, p-HPPH, and phenytoin. Elimination t112's 
for phenytnin ranged from 50-90 min in blood and various tissues. At 48 hr postdose, >98% of the 
administered radioactivity was eliminated, demonstrating that fosphenytoin and/or its metabolites were not 
retained. 

After administration of 14C-fosphenytoin to rats, recovery of radioaetivity from urine and feces over 72 hr 
averaged 52 and 48%, respectively. Mean cumulative urinary and fecal recovery was 99%. p-HPPH 
glucuronide accounted for >40% of dose recovered from urine and feces over the 0- to 24-hr collection 
interval. 

Urine and feces (rat only) were collected for metabolite profiling following administration of 14C-fosphenytoin 
to rats and unlabelt'j fosphenytoin and phenytoin to dogs. Phenytoin, p-HPPH, and p-HPPH 9lucuronide were 
urinary metabolites common to both species. p-HPPH glucuronide (33.9%) was the major metabolite in rat 
urine, whereas m-HPPH glucuronide (51-58%) was the major metabolite in dog urine. Rodent fecal samples 
contained only p-HPPH (21.6%), p-HPPH glucuronide (8.3%), and an unidentified metabolite (10.2%). The 
metabolism and excretion profiles of fosphenytoin and phenytoin were the same following iv administration 
to dogs. 

Toxicokinetics 

Toxicok1netic studies in rats showed that the rate of phenytoin appearance in plasma was decreased following 
1m administration relative to N adm1nistrabon of a single 150 mg/kg dose of fospheny\oin (trnax values 10-15X 
greater). peak phenytoin levels were reduced (50-00%) after im administration, there was a sex differences 
1n phenytom clearance (elimination t11'2 4-7.5-fold longer in females), and total pheny\oin exposure (AUC) was 
s1m1lar within sex following 1m or N administration of the same dose (Table 11.5). Fosphenytoin levels were not 
determined. 

Phenytoin kinetics determined after single im or iv doses of 50 mg/kg fosphenytoin to dogs (Table 11.6) were 
fairly r.omparable. Although tmax values following im tosphenytoin were longer than those following iv 
fos!lhenyto1n ( 1.2 hr for 1m versus 0.6 hr for iv), Cmax values (21.3 ug/ml for im versus 26.8 for iv) and plasma 
phen 1oin concentration-time profiles (im and iv AUC values of 159 and 163 ug hr/ml, respectively) were 
s1m1lar ;..,, both routes. Mean elimination t1/2 values were essentially the same following im (2.8 hr) and iv (3 
hr) adm:-11~tration. There was no sex difference in pharmacokinetics in dogs. Fosphenytoin levels were not 
determined 
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Thus, rate of phenyto1n apr-ear.ltlO! in plasma was decreased folloWing im fosphenytoin administration relative 
to iv administration, but •otal phenytoin exposures as determined by AUC data were similar in rats and dogs 
folloWing im and iv fosphenytoin. Relative fosphenytoin exposures were not determined. 

TOXICOLOGY 

Acute toxicity 

Acute iv toxicity studies were conducted in mice, rats, rabbits, and dogs (Table 111.1 ). The median lethal doses 
of fosphenytoin and phenytoin in mice and rats were essentially equivalent when both drugs were 
administered by iv infusion, With values ranging from approximately 150-350 mg/kg. Phenytoin was more 
potent than fosphenytoin when the drugs were administered as an iv bolus, probably due to a more gradual 
rise in peak phenytoin levels With the prodrug. Similar CNS-related signs were observed after iv injection of 
fosphenytoin or phenytoin in both rodents and non-rodents and included ataxia, hypoactivity, prostration, and 
convulsions. In addition, salivation and vomiting were seen in dogs, and tremors and dyspnea occurred in 
rodents. The MLD's of iv fosphenytoin and phenytoin in weanling rats were the same as in adults; however, 
neonatal rats were more sensitive to the toxic effects of both drugs than weanling rats folloWing ip 
administra'lion. After im administration, fosphenytoin induced clinical signs. convulsions, and/or deaths in rats 
and dogs al lower doses than phenytoin due to increased absorption and higher blood concentrations 
achieved by this route (Table 111.2). Gross pathologic changes were not observed in acute studies with 
fosphenytoin, while tissue necrosis at im injection sites in rats and dogs was observed with phenytoin. 

Multidose toxiciiy 

A 4-week rat study ( 1 Olsex/group main study, 5/sexlgroup recovery, 3/sexlgroup PK) was conduced with iv 
(bolus) doses of O (vehicle), 30, 60, and 150 mg/kg of fosphenytoin. T-R clinical signs were seen primarily in 
MD and HD animals and consisted of ataxia, hypoactivity, salivation, and dyspnea. BW gain during the dosing 
penoct was decreased (32%) in HD males compared to conrrols. Erythrocyte parameters (RSC, HGB, HCT) 
were slightly decreased and MCHC was increased in HD females compared to controls ALT and ALP were 
increased by about 50% in HD males and females at week 4. Liver weights were increased in females at 
all doses, and periportal vacuolization was observed microscopically in HD males and females. Liver changes 
were not seen following a 4 week recovery period. The increased liver weights and enzyme activities 
presumably reflected the induction of hepatic microsomal drug metaboliZing enzymes, which is a well 
recogniZed effect of phenytoin in animals and humans. The increased periportal vacuolization in HD rats was 
shown by EM to be mainly due to the presence of larger areas of glycogen deposition than in controls. 
Reversible injection site irritation was seen at all doses (D-RJ. Plasma phenytoin levels 15 min after dosing 
dunng week 2 were proportional to dose 1nd similar in males and females; mean concentrations ranged from 
9.1 at the LO to 52.8 uglml in the HD group (Table 111.3). 

A 13 week rat study (10/Sf'lC/group main study, 5/sexlgroup PK) was conducted with im doses of 0 (saline), 
30, 60, or 150 mg/kg of fosphenytoin. A group receiving phenytoin (100 mg/kg, equimolar to HO) served as 
a positive control (PC). Hypoactivity, ataxia, and salivation were observed in both the HD and PC groups. In 
addition, autocanibalism of the hindlimbs was seen in phenytoin-trealed rats. T-R deaths occurred only in the 
HO (2115 M, 1115 F) and PC groups (8115 M, 10/15 F). There were no hematologic effects related to 
fosphenytom treatment. AST, ALT, and ALP levels were elevated in HD males and females, while only slight 
increases in ALP were seen m the PC group. Increased plasma glucose levels (2 hr after dosing) and 
glucosuna were observed in the HD and PC groups. Liver weights were increased in the MD (females) and 
HD groups, and thymus weights were decreased in HD animals. Injection site lesions were observed in 
fosphenyto1~- and phenytom-trealed an:mals (D-R in fosphenytoin groups). lntracytoplasmic hepatocyte 
vacuolization was seen in the HD group (8/10 M, 9/10 F) and single cell hepalocyte necrosis was observed 
m PC animals (3/10 M, 3/10 F) Decreases in thymus weights in HD animals correlated with histologic 
evidence of lymphoid depletion. Plasma phenyto1n levels were 3-4 times higher following HD fosphenytoin 
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administration than after p~.artf\Oin injection by the im route; concentrations ranged from 46.7 to 48.9 ug/ml 
after the HD of fosphenytoin and from 15.2 to 23.8 ugtml after an equimolar dose of phenytoin (Table 111.4). 

Dogs 

Foi.;r groups of dogs (3/sex/group main study, 1/sex/group recovery) were given iv bolus doses of fosphenytoin 
at O (vehicle), 15, 30, or 50 mg/kg for 4 weeks. Clinical signs were observed with a 0-R incidence in treated 
dogs and consisted of emesis. diarrhea, salivation, erylhema of the gums, hypoactivity, ataxia, mydriasis, and 
tremors (HD only). No deaths occurred. There were no significant T-R effects on weight gain or food 
consumption. Hematological parameten; were comparable among groups. Serum ALP was elevated about 
2-fold in HD dogs compared to C at 4 weeks and after a 4-week recovery period. Increased salivary gland 
weights and hypertrophy of mandibular and parotid salivary gland acini were noted in HD dogs. There was 
a trend toward increased liver weights in MD and HD animals, but no apparent histological correlate. Small 
(10%) increases in absolute and relative heart weights were seen in MO and HD males, but no pathology was 
seen upon microscopic examination. No differences in the incidence or severity of injection site alterations 
were noted between vehicle controls and treated groups. Plasma phenytoin levels 30 after dosing during week 
2 increased approximately dose-proportionaiely and were similar between sexes; mean concentrations ranged 
from 6.6 at the LO to 23. 7 uglml in the HO group (Table 111.5). 

Fosphenytoi11 was administered im to 5 groups of dogs (4/sex/group) at dose levels of 15, 30, and 60 
mg/kg/day for 13 weeks. A negative control group was administered saline, and a positive control group 
received phenytoin sodium (40 mg/kg, equimolar to HO). Ataxia, decreased activity, and mucoid diarrhea 
were observed in the HD group, and emesis and ptyalism were seen in all fosphenytoin-treated dogs in a 
dose-related manner. Ataxia, emesis, and diarmea were observed in the phenytoin group, with incidences 
intermediate between that seen in the MD and HO fosphenytoin groups. Both phenytoin and fosphenytoin 
groups exhibited swelling at the injection sites. All animals survived to termination. SW gain was increased 
in male fosphenytoin-treated dogs and decreased in phenytoin group males and females compared to saline 
controls. No changes in hematologic values were noted in the analysis of blood samples. However, one HD 
fosphenytoin female had an elevated myeloid/erylhroid ratio (M/E = 6.1) in the bone marrow smear performed 
QQ§! mortem, indicating repressed erylhrogenesis. Alkaline phosphatase and creatine phosphokinase levels 
were mode1.Jtely elevated in MD, HO and PC groups. The former was probably related to hepatic enzyme 
induetion and the latter may have been related to muscle tissue injury. A dose-related increase in liver weights 
occurred in fosphenytoin-treated males (+35% at HD) and females ( .. 28% at HO). Liver weight was also 
increased in the PC group ( .. 28% M, 14% F). Livers of 1 male and 1 female from the phenytoin group and 
of all females from the HD fosphenytoin group showed diffuse increases in intracytoplasmic vacuoliZation of 
hepatocytes. Injection site changes were observed in dogs from the phenytoin group and from the MD and 
HD fosphenytoin groups, but were reportedly more extensive and severe in the phenytoin group. Phenytoin 
levels peaked at approximately 60 min after prodrug administration (Table 111.6), averaging 25.5, 23.3, and 
28 ug/rr.l on days 1, 42 and 91, 1espectively, in the HD group (there was no apparent effect of repeated 
dosing). Peak phenytoin levels in the phenytoin group were consistently about 1/3 times those in the 
eqwmolar fosphenytoin group, averaging 8.6, 7.8, and 8.1 uglml on days 1, 42, and 91 (also comparable over 
time). In the phenytoin group, measurable phenytoin levels were still present in samples collected just prior 
to dosing. indicating skm absorption after im injection. No phenytoin was measured in predose samples from 
fosphenyto1n groups. 

SPECIAL TOXICITY 

Local imtation 

Fosphenytoin produced significantly less venous and perivascular imtation (based on macroscopic irritation 
scores) than phenyto1n at equ1molar concentranons. Local irritation after im mjection of fosphenytoin to rabbits 
was significantly lower than after im phenytoin. When injected im into the hindlimb of rabbits daily for 5 
consecutive days. phenytoin was more irrtating than !lquimolar concentrations of fosphenytoin. 
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Cardiovascular affects 
.. 

The cardiovascular effects of equimolar doses of phenytoin (18 mg/kg) and fosphenytoin (27 mg/kg) were 
comparable following iv bolus (3 sec) injection to anesthetiZed female dogs (4/group). Intravenous phenytoin 
resulted in decreases in heart rate (80% of baseline), LvdP/dt (max -55% compared to C), and MAP (-40% 
compared to C) and significanlfy increased LVEDP (2-3-fold). Fosphenytoin resulted in more gradual 
decreases in HR (80% of baseline). LvdP/dt (max -36% compared to C), and MAP (-40% compared to C and 
baseline). Effects on LVEOP were variable and did not appear to be as pronounced as those produced by 
phenytoin administration. Effects on CV parameters appeared to correlate with phenytoin blood levels in both 
cases. The major difference between drugs was in E fleets on L VEOP. The less pronounced effects seen after 
fosphenytoin presumably reflect the lower peak blood level of phenytoin resulting from its administration (22 
ug/ml vs 49 ug/ml after phenytoin administration). (Flgurea IV.1 & IV.2 and Table IV.1) 

Formaldeh~'de fonnation 

Tl'-.e theoretical maximum dose of formaldehyde (assuming complete, instantaneous conversion) after an iv 
d;ise of 2100 mg fosphenytoin (30 mg/kg is given as maximum dose in proposed labeling) would be 5.17 
mmol or about 0.1 mmoVkg (3 mglkg) for a 50 kg person. The pharmacokinetics of formaldehyde and its major 
metabolite, formate, were modeled using data from a published report in which formaldehyde (30 mg/kg) was 
administered iv to monkeys. Based this model, peak formaldehyde and formate concentrations resulting from 
first order inru: of 3 mg/kg formaldehyde (formation half-life= 8 min) were simulated (Figures IV. 3 and IV.4). 
These simulations were analogous to bolus administration of a fosphenytoin dose of 2100 mg. Peak 
formaldehyde levels were predictecJ to be approximately 0.18 mmol/L, with concentrations declining to 
background levels (0.027-0.068 mmol/L) within 20 min. Maximal formate levels were predicted to be 0.08 
mmol/L, which is below the baseline levels measured in 2 monkeys in a published study (0.18 and 0.27 
mmol/L). Background levels of formate in humans have been reported in the literature to be 0.07 to 0.4 
mmol/L 

Since the theorelical maximum dose of formaldehyde represents only a fraction of the total body burden from 
normal metabolism (36 g/day in a 50 kg person), and since the PK simulations indicated that formalaehyde 
concentrations would exceed background levels for a relatively short time, the sponsor considers the potential 
risks associated with formaldehyde exposure as a result of fosphenytoin administration to be negligible. 
Plasma formate levels measured in 4 healthy volunteers following administration of 1200 mg of fosphenytoin 
l>y iv infusion over 30 min were not significantiy different from those observed in a placebo group or from 
baseline levels (25 mg/l). (The dose and infusion rate used in this study were considerably lower than the 
maximurri values in the proposed dosing recommendations, ie, 30 mg/kg and 225 mg/min, respectively; and 
the sample was very small.) 

GENETIC TOXICITY 

No biologically significant effects on revertant frequencies were seen with fosphenytoin in the Ames test. 
Fosphenytoin was negative tor effects on mutation frequency at the HGPRT locus in V79 Chinese hamster 
lung cells were evaluated after exposure to fosphenytom concentrations up to 4000 ug/ml in the abse,,ce or 
presence ot metabolic activation. Structural chromosome aberration frequency in V79 Chinese hamster lung 
cells was increased by sxposure to fosphenytoin concentrations > 1000 ug/ml in the presence of metabolic 
activation (Table V.1 & V.2). In mice given single iv doses of up to 200 mg/kg (iv LD50 = 234 mg/kg), no 
biologically s1g~ificant differences in micronucleus formation were detected. 

REPRODUCTIVE TOXICITY 

Segment I Ima/el 

Male rats (40/grp) were dosed with 0, 25, 75, or 150 mg/kg, im, tor 75 days prior to mating and thmughout 
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mating with untreated females (1:1 cohabitation, 10 day maximum), then sacrificed. Females were either 
sacrificed on Day 21 of gestation (1/2) or allowed to deliver and wean their offspring. Paternal toxicity, 
characterized by clinical signs (injection site lesions, neurotoxicity) and suppression of BW gain, occurred 
at the MD and HD. Two HD miilas died and 2 were sacrificed moribund. Mean plasma phenytoin 
concentrations ranged from about 5 (LO) to 45 ug/ml (HD) and did not appear to accumulate during 
treatment. No T-R effects were apparent for male reproductive parameters, including semen evaluation. 
FO fertility indices were decreased compared to historical data, but both control and treated males were 
affected. No biologically significant effects on female reproductive or fetal parameters were observed at 
C-section. There was a slight increase in stunted fetuses (<4 g) at the HD, but the value was within the 
historical control range. In litters from females allowed to deliver, there were no T-R effects on reproductive 
parameters or on neonatal groWth, survival, and acquisition of d!'velopmental landmarks. In addition. no 
group differences were found in several postweaning tests of neurobehavioral function, and there were no 
treatment effects on F1 reproductive parameters. 

Segment I (female) 

Female rats (40/grp) were dosed with 0 (vehicle), 25, 75, or 150 mg/kg, im, for Hi days prior to mating 
with untreated males. and throughout mating, gestation, and lactation. C-sections were performed on 1/2 
of the females on Day 21 of gestation; remaining females were allowed to deliver and wean their offspring. 
A high incidence of neurotoxicity (hypoactivity, ataxia, and prostration) was observed in HD females, which 
is consistent with the blood levels achieved at this dose (33-38 ug/ml). Similar CNS signs have been 
reported at plasma phenytoin levels >25-30 ug/ml, in rats and humans. BW gain was decreased in MD and 
HD females during the premating and gestation periods. Estrous cycles were altered at the MD and HD, 
but mating and fertility indices were unaffected. Parturition was significantly delayed at the HD, and 
disturbed at all doses. Fosphenytoin produced developmental toxicity primarily at the HD (decreased 
growth, increased intrauterine and postnatal death, malformations, functional effects; Tables Vl.3-5), 
although there were effects on growth at the MD. The MD and HD produced peak maternal plasma 
phenytoin concentrations of approximately 20 and 40 ug/ml, respectively ( 10-20 ug/ml considered 
therapeutic). Teratogenicity (cardiac, digit, brain anomalies) was significant at the HD; however, the 
occurrence of a brain malformation in a single LO fetus may have been drug-induced, since brain 
malformations are rare and have been previously reported after prenatal phenytoin exposure. 
Chromodacryorrhea and circling were seen in HD offspring; these have been previously reported after 
prenatal phenytoin exposure. 

Segment II frat) 

Pregnant rats (40/group) were treated with O (vehicle), 10, 50, or 100 mg/kg, iv, on gestation Days 7 
through 17. C-sections were performed on 25/group on Day 21; the remaining 15/group were allowed to 
deliver and rear offspring. Maternal toxicity occurred primarily in HD dams and consisted of death \4 HD 
dams), clinical signs (salivation, chewing, ataxia, hypoactivity, and limb rigidity), and suppression of BW 
gain. Mean maternal plasma phenytoin levels at 1 hr postdosing (approximate Cmax) were 4, 24, and 43 
ug/ml in LO, MO, and HO groups, respectively. Al C-section, postimplantation loss was increased (2-fold) 
in HD dams compared to concurrent and historical controls. Mean fetal BW was decreased (30% below 
VC) 1n the HD group. Incidences of skeletal malformations, extemaVvisceral variations, and skeletal 
vanations were increased in HD litters (Table Vl.7) Although classified as malformation~. ~'!veral of the 
skeletal anomalies (hemicentra) may have reflected retarded ossification. The increase i.~ variations was 
due to a marked increase in growth retarded fetuses in HD litters; 60% of HD fetuses were stunted (BW 
<4 g). Among dams allowed to deliver, the duration of gestation was significantly increased at the HO. 
Postimptantation loss was slightly increased at the MD and HO (Table Vl.9). Birth weights and postnatal 
weight gain were decreased in HD males and females (10-15%). Vaginal opening was delayed in MD and 
HD female pups Two littermates in the HD group exhibited abnormal circling behavior, and 27 pups from 
8 HD litters had chromodacryorrhea. Both have previously been associated with prenatal phenytoin 
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exposure. One of the HD circTers later died (PND 23). Locomotor activity was increased in HD males on 
PND 42; however, ttlis was mostly due tc increased activity in a single HD pup. No group differences were 
found in acoustic startle parameters on P 43 or in shuttle avoidance parameters during week 9. 

Segment II /rebbitl 

Pregnant rabo1ts (20/group) were treated with 0 (vehicle), 10, 25, or 50 mg/kg, iv, on gestation days 6 
through 18. C-sections were performed on Day 30 of gestation. Maternal toxicity, charactenzed by clinical 
signs (chewing motions, ataxia, limb rigidity, and shallow, rapid breathing) and suppression of BW gain, 
occurred at the MD and HD. Mean matf'ma1 plasma phenytoin levels increased proportionally from about 
7 (LO) to 35 uglml (HD). No T-R effects on maternal reproductive or fetal developmental parameters were 
apparent at C-section. 

Segment Ill 

Female rats (25/group) were treated with 0 (vehicle), 25, 50, or 100 mg/kg, iv, from Day 15 of pregnancy 
through Day 20 postpartum. Maternal toxicity, characterized by death, significant reductions in BW gain, 
and clinical signs (ataxia, hypoactivity, and imbalance), was observed primarily in HD group females. A 
D-R increase in gestation length was seen in treated dams, a!ld postimplantation loss was dose
dependently increased at all doses (Table Vl.10). Pup survival and BW at birth were significantly 
decreased at the HD, but were !nwer than controls at all doses. The effect on BW persisted into the 
maturation period in HD group offspring. Increased pup mortality and reduced postnatal growth have 
previously been reported after oral administration of 100 or 200 mg/kg of phenytoin on Days 7-18 of 
gestation. There was no increase in malformations among fosphenytoin exposed offspring, but treatment 
started after the major penod of organogenesis. An increased incidence of structural variations in fetuses 
irom dams that died around the time of parturition can be attributed to developmental delay. Hyperactivity 
was apparent in all treatment group mate offspring, b!lt values for activity parameters were outside the 
control range primarily in HD offspring. Enhanced avoidance responding and apparent memory 
enhancement were seen in treatment group offspring (MD & HD males, HD females), probably due to 
exposure-induced hyperactivity. Circling behavior, which has previously been reported following prenatal 
exposure to phenytoin and was seen in the segment II study, was not observed in this study. No apparent 

effects on the reprOductive performance of F1 offspring were observed. 
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VIII. EVALUATION ~. 

Fosphenytoin is a water soluble phosphate ester prodrug of phenytoin, intended as a replacement for 
parenteral phenytoin (poorly soluble, requires an alkaline organic solvent and pr;,,cipitates in iv fluids). 
Fosphenytom is quantitatively converted to phenytoin in vivo by ubiquitous phosphatases, with a conversion 
halt~ife of about 8, 3, and <1 min in man, dog, and rat. respectively. Because of the phosphate ester, 150 mg 
fosphenytoin yields 100 mg phenytoin. The properties of phenytoin are well established; therefore, the primary 
safety issues with fosphenytoin relate to possible differences in the pharmacologicautoxicological profile of 
phenytoin resulting from admmistration of the prodrug. These differences could involve intrinsic effects of 
fosphenytoin, changes in phenytoin d.sposition, or effects of breakdown products, as discussed below. 

Fosphenytoin and phenytoin were equipotent against MES-induced seizures in mice after oral, ip, or iv 
adm1nistrati0n (Table Vlll.1 ). Although time courses of anticonvulsant action were comparable when the two 
drugs were given iv, there was some indication of a delayed onset after fosphenytoin administration. This 
delay could be important in the treatment of status epileplicus. A published study by Walton and Treiman 
(Epilepsy Res 5:165-8,'90) indicated that fosphenytoin was less effective than phenytoin in a rat model of 
statu~ epileplicus. Although similar final plasma and brain phenytoin concentrations were reached after ip 
administration of the twu drugs, a slower rise in brain phenytoin levels following fosphenytoin administration 
was thought to reduce its anticonvulsant efficacy in this animal model (Figure Vlll.1 ). Thus, the lime required 
for conversion of fosphenytoin to phenytnin could have a negative impact on the effectiveness of treatment. 

However. clinical iv Pl< studies have shown that free phenytoin concentration-time profiles similar to those 
seen with parenteral phenytoin can be obtained by increasing the fosphenytoin intusion rate. This is partly due 
to altered protein binding of phenytoin in the presence of fosphenytoin. In vitro studies and clinical PK data 
indicate that fosphenytoin displaces phenytoin from plasma binding sites, ie, the phenytoin tree traction 
increased with increasing fosphenytoin concentrations. In human volunteers, lhe extent of phenytoin 
displacement for a given dose, and therefore the Cmax and AUC values for tree phenytoin, increased with 
the infusion rate. Following infusion of fosphenytoin (1200 mg PE- phenytoin equivalents) at 100 and 150 mg 
PE/min, increases in free fraction resulted in free phenytoin con;.;entrations and tmax values similar to those 
seen after administration of an equimolar dose of phenytoin at the maximum recommended rate of 50 mg/min. 
Such infusion rates of fosphenytoin are reportedly w ... : tolerated. At steady-state, administralior. of 
fosphenytoin could enhance the pharmacological or toxicological effects of phenytoin by displacing it from its 
binding sites, although the increase in free fraction would be transient. The potential for such displac1Jment 
effects was not addressed in the preclinical studies; free phenytoin levels were not determined in any of the 
1n vivo animal studies. 

Phenytoin has been shown to produce significant reductions in blood pressure when infused iv in bot.h animals 
and man. Phenytoin-induced hypotension appears to be dependent on both total dose and rate of infusion. 
The maximum recommended adult human infusion rate is 40-50 mg/min and the total dose is usually limited 
to 1250-1500 mp. In a study comparing the hemodynamic effects of phenytoin and fosphenytoin in dogs, 
qualitatively and quantitatively similar changes in CV parameters were seen: both drugs produced comparable 
decreases in blood pressure, heart rate, and contractility. When the CV effects of fosphenytoin (21 mg/kg PE) 
1ntusion over 15-30 min were compared with those s1:ien after infusion of an equimolar dose of phenytoin over 
30 min, the maximum effects were nearly identi1;al and were observed at comparable plasma levels of 
phenytoin (Figures 1.4-6). The rapidity of fosphen·f!oin infusion (within the range tested) appeared to affect 
the onset but not the maximu'Tl re>ponse. At times when plasma levels of both fosphem;toin and phenytoin 
(formed from fosphenytoin) were high, effects were not greater than those seen at crJmparable levels of 
phenytoin alone; therefore, it did not appear that fon~enytoin had any significant hemorJynamic effects of its 
own. When higher equimolar doses (40 mg/kg PE) w~re rapidly infused (over 2 min). the magnitude of the 
changes in CV parameters produced by fosphenytoin appeared to be somewhat greate1r than those seen with 
phenytom (Figures 1.1-J). However, 3 of the phenytoin-treated animals (ie, the most sensitive to CV effects) 
died within 4 mm of infusion onset following mark&:! reductions in MAP and HR, while, all 6 fosphenytoin dogs 
recovered; so the means depicted in the figures may be misleading. Although the CV changes produced by 
fosphenytoin seemed to correlalF with plasma leve\s of phenytoin, and similar peak total phenytoin 
concentrations were achieved after phenytoin or fosphenytoin administratio•1. it is possible that the 
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displacement effect describeq.i11 the preceding paragraph resulted in higher maximal free phenytoin levels 
following rapid fosphenytoin infusion. which might have contributed to any increased response observed. In 
addition, formaldehyde formation could have added to the CV effects seen after rapid infusion of fosphenytoin. 
Formaldehyde has been shown to decrease the rate and contractility of isolated rat atria in vitro, and 
cardiodepression has been reported in rats infused with 0.12 mmol/kg/min formaldehyde (Strubel! et al, J 
Toxicol Clin Toxicol 28:221-33.'90). The rate of fosphenytoin ir'usion in the dog study was 0.08 mmol/l<g/min. 
However, the theoretical maximal rate of exposure to formaldehyde clinically, based on the proposed maximal 
rate of fosphenytoin administration (225 mg/min), would be 0.01 mmol/kg/min (50 kg BW). Fosphenytoin 
exhibited intrinsic activity only in one in vitro assay: the prodrug inhibited developed tension in a guinea pig 
left atrial preparation with a potency equivalent to that of phenytoin. Fosphenytoin was inactive in isolated right 
guinea pig atria, however. This in vitro effect is unexplained but unlikely to be of any clinical importance. 

The toxicological profile of fosphenytoin was essentially the same as that of phenytoin. The acute toxicity of 
fosphenytoin was equiva1ent to that of phenytoin when the two drugs were administered by iv infusion (30 
min) to mice, rats, rabbils, and dogs (Table 111.1). However, phenytoin was more toxic than fosphenytoin after 
single iv bolus administration to rats, probably due to a more gradual rise in phenytoin levels when 
fosphenytoin was given. When compared on an equimolar basis, im fosphenytoin produced more acute 
systemic toxicity than phenytoin in rats and dogs, presumably due to better absorption by this route (Table 
111.2). Fosphenytoin produced less injection site irritation than phenytoin by both the iv and im routes. 
Unfortunately, the only multiple dose toxicity studies that included a phenytoin positive control were the 3 
month im rat and dog toxicity studies. Because of its lower bioavailability by the im route, phenytoin was less 
toxic than an equimolar dose of fosphenytoin, except with regard to injection site irritation. Toxicokinetic 
studies indicated that equivalent phenytoin exposures (AUCs) were achieved after iv or im administration of 
fosphenytoin to rats and dogs (Tables 11.5 and 11.6). Peak phenytoin levels following im administration were 
about the same as those seen with iv administration in dogs and were about 112 iv peak levels in rats. 
Fosphenytoin was not measured in these high dose toxicokinetic studies. At a lower dose ( 1 O mg/kg PE), 
fosphenytoin exposures were equivalent following iv and im administration to dogs, but peak fosphenytoin 
levels were about 10-fold higher after iv administration (Table 11.3). Therefore, possible intrinsic effects of 
fosphenytoin or effects related to systemic formaldehyde may not have been adequately assessed ir. im 
toxicity studies. Effects on serum hepatic enzymes and liver weights observed in multidose studies in rats and 
dogs are known effects of phenyto1n in animals and are consistent with microsomal enzyme induction. 
Microscopic changes in the liver were attributed to increased cellular glycogen content secondary to 
phenytoin-induced hyperglycemia. Phenytoin causes hyperglycem1c' in animals and humans by inhibiting the 
insulin response to glucose stimulation. 

The in vivo hydrolysis of fosphenytoin produces 1 mole each of formaldehyde and phosphate for each mole 
or prodrug. No attempt to measure blood formaldehyde levels was made in any of the preclinical studies, but 
the pharmacokinetics of fonmdldehyde alld its major metabOlite formate were modeled using data from a 
published report in which formaldehyde was administered iv to monkeys, and formaldehyde and formate 
concentrations resulting from first order input of 0 1 mmol/kg of formaldehyde were simulated (Figures IV. 3 
& IV.4) This was considered to be the theoretical maximum human dose of formaldehyde, based on the 
complete conversion of an iv (bolus) fosphenytoin dose of 2100 mg (5.17 mmol or 0.1 mmol/kg using 50 kg 
BW). (The proposed MHD of fosphenytoin is 30 mg/kg at 225 mg/min.) Peak formaldehyde levels were 
predicted to be approximately 0.18 mmoVL, with concentrations declining to background levels (0.027-0.068 
mmoVL) within 20 min (formaldehyde is rapidly eliminated, with a t1/2 of 1 5 min in monkeys). Qualitative and 
quantitative similarities in formaldehyde metabolism hetween monkeys and humans suggest that these 
findings could be extrapolated to humans, but the actual data on which the PK model was based are very 
limited, ie, blood levels measured in 1 monkey. The toxicity of formaldehyde has been extensively examined, 
but inhalation has been the route of exposure in most studies. Effects were generally confined to the nasal 
and gastric ep1thelia after inhalation and oral administration of formaldehyde. Following a single iv injection, 
the median lethal dose of formaldehyde in rats was reported to be 87 mg/kg. The chronic toxicity of iv 
formaldehyde has apparently not been investigated. Formaldehyde is genotoxic in a variety of systems, and 
both chrome and subchromc inhalation exposures to high formaldehyde concentrations (15 ppm 6 hid) have 
resulted in the 1nducllon of squamous cell carcinomas in the nasal cavity of rats. However, despite the 
widespread exposure of humans to formaldehyde, epidemiological studies have not demonstrated that it 
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represents a significantcancerrjf)\ to man (Heck et al, Critical Reviews in TiJxicology 20:397-426,'90). OSHA 
(Third Annual Report on Carcinogens, USOHHS Public Health Service,'83) has set permissible formaldehyde 
exposure levels at 3 ppm as an 8 hr time weighted average and 1 O ppm as a maximum peak concentration 
for 30 min in an 8 hr period, but there are no good estimates of acceptable plasma formaldehyde levels. It has 
been reported (J Piotrowski, Exposure Tests for Organic Compounds in Industrial Toxicology,'77) that workers 
exposed to formaldehyde at a concentration of 5.4 ppm (presumably 8-h TWA, but not stated) developed 
maximal blood levels of 0.13 mmoVL (ie, similar to predicted peak leveis after fosphenytoin). However, 
occupational exposure patterns may be very different from the pattern of formaldehyde exposure in 
tosphenyto1n-treated patients. Formald<Jhyde is generated during normal intermediary metabolism - the body 
turns over up to 50 g/day - and there are many sources of environmental exposure. Assuming that the 
simulations used by the sponsor are reasonably accurate, the formaldehyde formed from fosphenytoin would 
not be expected to overwhelm the body's detoxification capacity, and any elevatiOn in blood levels would likely 
be transient; however, clinical data are needed to verify the model (see original IND review of this issue). 
Intravenous administration of high concentrations of phosphate can result in toxicity due to reduction of Ca" 
1n the circulation and precipitation of calcium phosphate in tissues. This potential risk was not addressed by 
the sponsor. Although it is unlikely that the amount of ~hosphate which would be contributed by fosphenytoin 
administration (max -5 mmol) would raise serum concentrations to the levels which are associated with such 
effects (3.2 mmoVL), transient or local effects are possible. No findings obviously attributable to increased 
formaldehyde or phosphate exposure were observed in the fosphenytoin acute studies or in the 4-week 
toxicity studies at iv bolus doses up to 5 (rats) and 1.5 (dogs) times the maximum human dose (mg/kg basis). 

The maior pathway for metabolism of formaldehyde involves oxidation to formate and incorporation into 
biological macromolecules via tetrahydrofolate-dependent one-carbon synthetic pathways. Since forma\e 
accumulation is thought to be responsible for the known toxic effects of high dose methanol exposure (ie, 
severe metabolic acidosis and ocular toxicity), formate toxicity also represents a potential concern with 
fosphenyto1n administration and may be more relevant to short-term use. Hepatic alcohol dehydrogenase and 
catalase metabolize methanol to formaldehyde, then a glutathione-mediated pathway involving formaldehyde 
dehydrogenase rapidly metabolizes formaldehyde to formic acid. The accumulation of methanol-derived 
formate to toxie levels is primarily influenced by the rate of formate metabolism, which depends on the activity 
of formyltetrahydrofolate synthetase, methenyltetrahydrofolate dehydrogenase, and the cosubstrate 
tetrahydrofolate. Following MeOH administration, formate has been shown to accumulate in the blood of 
primates but not of rodents or other nonprimates, and this is thought to account for a species difference in 
susceptibility to MeOH poisoning. Tissue tolate levels are thought to be key determinants of susceptibility to 
neuro-ocular toxicity following exposure to methanol. Primates have lower total liver folate concentrations, 
slower formate metabolism, and are thus more sensitive to methanol-induced toxicity compared to resistant 
species such as rodents. This interaction of formate and folate may be especially important in view of the fact 
that phenytom and other AEDs have been shown to interfere with folate-dependent one-carbon metabolism. 
Folate depletion due to chronic AED therapy or other causes could increase formate levels during 
fosphenytoin administration. Furthermore, because of species differences in formate metabolism, the 
preclinical toxicity studies of fosphenytoin in rats and dogs are probably not appropriate for evaluating possible 
toxic effects related to the metabolism of the prodrug to formate. However, neuro-ocular toxicity in methanol
and formate-poisoned monkeys (Martin-Amat et al, Arch Ophthalmol 95:184 7-1850, '77; Martin-Amat et al, TAP 
45:201-208,'78) and in met'lanol-poisoned humans (Mahieu et al, Human Toxicol 8:135-137,'89; McMartin 
et al, Am J Med 68:414-418,'80) is reportedly associated with marked elevations in blood formate 
concentrations (>7-10 mM) for prolonged periods of lime (often> 24 hr). In a folate-reduced rat model of 
methanol toxicity (Murray et al, Arch Ophthalmol 109:1012-1016,'91), exposure to blood formate 
concentrations of 8-12 mmol/L for more than 12 hr was required to produce changes in ERG and 
ultrastructural damage to the retina and optic nerve following administration of methanol (4 g1kg ip followed 
by 2 g/kg every 12 hr for 60 hr); formate levels up to 3 mmoVL were not toxic in this model (Louis-Ferdinand, 
personal communication). Formate has also been shown to be embryotoxic and dysmorphogenic to 
developing mouse and rat embryos in vitro at concentrations >1 O mM (Dorman et al, Teratology 52:30-40,'95). 
In the PK simulations described above, maximal formate levels after admtnistration of a 2100 mg dose of 
fosphenyto1n were not predicted to exceed the range of background concentrab:ms (0.1-0.56 mM). Based on 
these proiected levels, formate formed from fosphenytoin should not constitute r significant hazard. However, 
while plasma formate levels were measured in 4 volunteers following admrnistratior. of fosphenytoin and did 
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not increase signiflcantiy aboviz ,those observed in a placebo group or baseline levels (all -0.5 mmol/L). the 
dose and infusion rate used in this study (1200 ;ng over 30 min) were well below the maximum values in the 
proposed dosing recommendations (30 mg/kg at 2.25 rr111min); therefore, additional human data are needed. 
Note to clinical f!ViBwer. Because the safety data rela1ed to formaldehyde and phosphate are so limited, a 
request that the sponsor measure blood levels of formaldehyde and/or formate and assess any changes in 
calcium concentration or acid-base equilibrium following administration of fosphenytoin to humans at the 
maximum recommended dose should be considered. 

Developmental toxicity seen in rats given fosphenytoin is consistent with that previously reported with 
phenytoin; however, no direct comparisons were made in the current reproductive toxicology studies. Segment 
I studies were conducted using im administration. As noted above, toxicokinetic studies indicated that similar 
phenytoin exposures (AUCs) were achieved after iV or im administration of fosphenytoiri, but the question of 
im fosphenytoin bioavailability has not been adequately addressed. In the female Segment I study, maternal 
and reproductive toxicity were evidenced at 75 and 150 mg/kg by decreased maternal l ·Jdy •veignt gain, 
altered estrous cycles, and delayed parturition. Developmental toxicity, including tllratogenic an:! functional 
effects (decreased growth, increased intrauterine and postnatal death, cardiar, and digit anomalies, 

chromodacryorrhea, and circling), occurred primarily at 150 mg/kg, although 1 brain malformation seen at 
the LO (16.6 mg/kg) may have been treatment-induced and there were effects on growth at the MO. In a rat 
iv teratology study, dP.velopmental toxicity (growth retardation, chromodacryorrhea, increased locomotor 
activity, circling) was seen at 100 mg/kg along with overt maternal toxicity (neurotoxicity, decreased weight 
gain. dystocia). In an iv Segment Ill study, decreased pup survival and growth and offspring behavioral 
changes (hyperactivity) were observed at doses as low as 50 mg/kg, with maternal toxicity over the same 
dose range. The developmental effects of fosphenytoin were very similar to those reported in the literature 
following administration of phenytoin to rats, and they occurred at maternal plasma phenytoin levels 
comparable to those associated with developmentally toxic doses of phenytoin (ie. therapeutic levels or 
greater). The appearance of neurotoxicity (lethargy, ataxia, and imbalance) has previously been reported 
at plasma phenytoin concentrations <!JO ug/ml, which is consistent with the levels observed in the present 
study following neurotoxoc doses of fosphenytoin. Embryolethality, IUGR, and defects encompassing the 
cardiovascular, urogenital, craniofacial, and skeletal systems have been variably demonstrated in mice, 
rats, and rabbits exposed to phenytoin in urero. Cardiac malformations similar to those seen in HO fetuses 
in the rat Segment I study with fosphenytoin are typical of the fetal hydantoin syndrome in humans as well 
as those previously reported in !>henytoin-exposed rat fetuses. The incidence of ectrodactyly was also 
increased in HO fosphenytoin treated fetuses in this study, and digit malformations such as adactyly and 
digital phalangeal hypoplasia have been reported in rodents and humans following prenatal exposure to 

phenyto1n. Decreased postne.ial viability and growth, chromodacryorrhea. increased locomotor activity. and 
circling behavior have also been reported in rats after prenatal phenytoin exposure (Vorhees, Teratology 
35:287-303,'87). Thus, studies examining the reproductive and developmental effects of fosphenytom 
confirm previous findings with phenytoin, but do not indicate any additional toxicity resulting from 
administration of the prOdrug. 

Fosphenytoin wa! clastogenic in V79 Chinese hamster lung cells in vitro but negative in in vitro mutagenicity 
a3says and in the mouse micronucleus test in vivo. The sponsor postulated that the clastogenic effect was 
due to the generation of formaldehyde in vitro, since the effect was seen in the metabolic activaticr assay 
only Phenytoin was reportedly not clastogenic in previous studies with CHO cells, while formaldehyde 
has been reported to induce chromosomal aberrations in vitro in CHO cells at concentrations as low as 

5 ug/ml. As mentioned above, formaldehyde is genotoxic in a variety of in vitro assays, eg, increased mutation 

frequencies in Chinese hamster V79 cells were induced by formaldehyde at 0.3-1 mM concentrations; but no 
m vivo mutagenicity has been reported. Attempts to measure formaldehyde in cultures treated with 
fosphenytom were unsuccessful. Addition of fonnaldehyde dehydrogenase to the SS is a possible approach 

to addressing this question. AlltY.lUgh one could assume that conversion to phenytoin would take place in the 
presence of SS. the extent of fosphenytoin hydrolysis in vitro was not measured in any of the genotoxic1ty 
assays. It seems likely that the clastogenicity of fosphenytoin is due •o formaldehyde formation, but this has 
not been supported by data and could not be stated in the labeling Without additional worl<. 
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Labeling 
.. 

The Carcinogenicity and Pregnancy sections of the labeling are inaccurate and/or inadequate. Despite the 
findings in Chinese llamster lung cells, the statement is made that fosphenytoin was neither mutagenic nor 
clastogenic. The prilgnancy category should be D, based on the known • or at least strongly suspected -
hu'Tlan developmental toxicity of phenytoin; and since phenytoin has a pregnancy warning, fosphenytoin 
warrants the same. The warning needs to be .updated or rewritten by the sponsor so that the information 
reflects the current scientific consensus regarding the effects of phenytoin on human development. Where 
adequate data are available, risk estimates and factors affecting risk should be included. The fosphenytoin 
animal findings, which are giVen 1 sentence in the proposed labeling, should be described in more detail. 
There are also some minor errors in the Mechanism of Action section. Suggested changes are as follows: 

Mecho.nism of Action 

In the second paragraph, replace the first three sentences with the following (in italics; sponsor's 
reference numbers retained): 

After intravenous (IV) administration to mice, fosphenytoin blocked the tonic phase of maximal 
electroshock seizures at doses tllat are equivalent (on a molar basis) to those effective for phenytoin. 
In addition to its ability to suppress maximal electroshock seizures in mice and rats', phenytoin 
exhibits anticonvulsant activity against kindled focal and secondarily generalized seizures in rats', 
audiogenic tonic-clonic seizures in mice'. and generalized seizures produced by electricat stimulation 
of the brainstem in rats•. The cellular mechanisms of phenytoin ... 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

Replace the second sentence in proposed text with the following: 

The carcinogenic potential ot fosphenytoin is not known. Structural chromosome aberration frequency 
in cultured V79 Chinese hamster lung cells was increased by exposure to fosphenytoin 
concentrations ~ 1000 ug/ml in tne presence of metabolic activation. No evidence of mutagenicity was 
observed in bacteria or Chinese hamster lung cells in vitro. and n0 increase in micronucteus formation 
occurred after administration to mice in vivo. 

Add the following dosage information to the last sentence: 

... following administration of fosphenytoin during mating, gestation, anri lactation at doses of 75 c>~d 
150 mg/kg/day, or approximately 40% and 80%, respectively, of the maximum twman daily dose 
(MHDD; 30 mg/kg) on a mglm2 basis. 

Pregnancy - Category D; see Wamings. 

Add tile following sentence at the beginning of the first paragraph of the current, or updated, Dilan tin 
Usage in Pregnancy warning: 

Although there are no studies of fosphen}'loin in pregnant women, epidemiological data indicate that 
prenatal exposure to phenytoin may increase the risks for congenital malformations and other adverse 
developmental outcomes. 

63 



---- - -

U!l.!l!J". In Pregnancy: A number of reports suggests an association betw6an the use of 
ahn.1

1
1ep1leptic drugs by women with epilepsy and a higher incidence of birth defects in 

c ' dren bom to these women. Data are more eX:ensive with respect to phenytcin and 
phenoba~ital, but tlu!'9.are also the most commonly prescribed antiepileptic drugs: less 
systematiC or anecdOtal reports suggest a possible similar associati."1n with the use of all 
known antiepileptic drugs. 
The reports suggesting a higher Incidence of birth defects in children of drug-treated 
epileptic women cannot be regarded as adequate to prove a definite cause and effect 
relationship. There are intrinsic methodologic problems in obtaining adequate data on 
drug taratoganlcity in humans; genetic factors or the epileptic condition itself may be more 
important than drug therapy in leading to birth defer.ls. The great majority of mothers on 
anliepileptic medication deliver normal infants. It is important lo note that anUaplleptic 
drugs should not be discontinued in patients in who.n the drug is administered to preveni 
major -;alzu1 :.1s, because of the strong possibility of precipitating status epllepticus with 
attendant hypoxia and threat to fife. In individual cases where the severity and frequency 
of the seizure disorder are such that the removal o! medication does not pose a serious 
threat to the patlant, discontinuation of the drug may be considered prior to end during 
pregnancy, although ii cannot be said with any confidence that even minor seizures do 
not pose soma hazard to the developing embryo or fetus. The prescribing physician will 
wish lo weigh these considerations in trea.o· >g or counseling epileptic women of childbear
ing potential. 
In addition to the reports of increased incidence of congenital malformation such as cleft 
lip/palate and heart malformations in children of women receiving phenytoln and other 
antiepileptic drugs. there have more recently been reports of a fetal hydantoin syndrome. 
This consists of prenatal growth deficiency. microcephaly, and manta deficiency in chil
dren bom to mothers who have received phenytoin. barbiturates, alcohol, or trimetha
dione. However, these features are all interrelated and are frequently associated With 
intrauterine growth retardation from other causes. 
There have been isolated reports of malignancies. including neuroblastoma, in children 
whose mothers received phenytoin during pregnancy. 
An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoln levels is particularly valuable in the management of a pregnant epHeptic patient 
as a guide lo an appropriate adjustment of dosage. However, postpartum restoration of 
the original dosage will probably be indicated. 
Neonatal coagulation defects have been reported within the first 24 hours in babies born 
to epileptic mothers receiving phenobarbital ancllor phenytoin. Vitamin K has been shown 
to prevent or correct this defect and has been recommended to be given to the mother 
before delivery and the neo-iate after birth. 

Add the following paragraph after the human pregnancy information (sponso(s reference number) 

Fosphe11ytoin demonstrated developmenral rox;city, including structural and behavioral 

terarogenicity, in rats. When fosphenytom was administered to femav.i rats prior to and dunng 
mating, pregnancy, and lactation (25. 75. or 150 mg/kg/day), increased frequencies of 

ma/formation, death, and functional impa"ment were observed among the offspring of dams receiving 
150 mg/kg/day, or ap,woximately 80% of the maximum human daily dose (MHDO; 30 mg/kg) on a 
mglm2 basis. This dose produced peak maternal plasma phenytoin concentrations approximately 2-4 
times human therapeutic levels (10-20 uglm/) Offs;cring growth was reduced by doses of 75 
mg/kg/day (40% of MHDD on a mglm2 basis) or greater, and ma!emal toxicity was evident over the 
same dose range. \Mien pregnant rats were g1Ven lospheaytoin (10. 50, or 100 mg/kg/day) during the 
period of embryonic organogenes1s, growth retardation <1nd abnonnal postnatal function were 
observed in offspring exposed to 100 mg/kg/day (50% of MHDD on a mg/m'2 basis). Overt maternal 
toxicity was aiso associated with this dose. When female rats received fosphenytoin during the last 
third of pregnancy and throughout /aeration (25. 50, or 100 mg/kg/day), decreased offspring 
viability and growth and alterations m off>pring behavior were observed at doses of 50 
mg/kg/day (3096 of MHDD on a mg/m2 bas1sl or greater. Maternal toxicity was noted over the 
same dose range. The developmental effects of fosphenytoin in rats were similar to U10se which 
have been reponed following admm1stration of phenytoin to rats>. 
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IX. RECOMMENDATIONS • ' 

The NOA is approvable with respect to the pharmacology/toxicology portion. Recommendations concerning 
the proposed labeling are made in the Evaluation section of the review. 

cc: 
NOA (20-450) 
Div File 
HFD-120/GFitzgerald/EFisher/RNighswander 

tJ5;r .;10(~1; 

E. Fisher, Ph.D. 
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Drug: 

~ . 
Review and Evaluation of 

Pharmacology and Toxicology 
continuatfon of Review I t 

·\1653-010 

Categor1: 

Anticonvulsant; prodrug for phenytoin. 

Sunrnary: 

It was nted out in our team meeting for this new drug that the in vivo 
hydroly~.• of, ·9653 occurs in 2 steps, producing one mole of formaldehyde 
for each mole of prodrug. In the initial clinical Phase I trial, the top dose 
of 2250 mg would produce 5.5 111110les of HCHO. The possible hazard from this 
burden will ue discussed from several different veiwpoints below. All 
calculations are gross approximations, based on available information. 

1. OSHA has adopted a p~rmissible exposure level for toxic effects of 
formaldehyde other than cancer of 3 ppm as an 8 hour time weighted 
average, anu 10 ppm maximum peak concentration fer 30 minutes in an 8 
hour period (Third Annual Report on Carcinogens, USDHHS Public Health · 
Service, September, 1\183, page 73). It has been repRrted that workers 
exposed to formaldehyde at a concentration of 7 mg/nrJ developed blood 
levels of 0.6 - 4.0 mg/1. The durat ;on of exposurr; was not given 
(J.Piotrowski, Exposure Tests for Organic Compaounds in Industrial 
Toxicology, Gant Printin!I Office, DC, 1977, p. 122). [lm3 = 1000 l; wt. 
of air= 1.2!13 gms/l at ooc + 760 mm Hg;_therefore 7 mg/m3 e 7 
mgll «~!13 kg = 5.4 mg/kg • 5.4 ppm in a irj 

Since 5.4 ppm of HCHO~ a maximum of 4 n1g/l in blood, the 10 ppm maximum 
allowed by OSHA would-7 approximate: i.t 7 .4 mg HCH0/1 iter or 0.25 meg 
HCH0/1 in blood. This figure shoula more or less represent the maximal 
allowable blood level of HCHO accordinf to OSHA. If we then assume that 
the 5.5 111110les of HcHo that are split rom the prodrug all appear in the 
circulation (ave. volume 5 liters) the concentration would be 33 mg/1 or 
1. 1 me /1 or a roximatel 4 fold hi her than the OSHA level allowed. 
owever, t s s a very cru e es 1ma e since t e ata are not rea 1 y 

available for taking the time factor allowed under the OSHA limit into 
consideration. 

2. There is a great deal of information in the literature that suggests that 
it is formic acid that is repsonsible for the ocular toxicity and 
acidosis seen following acute methanol poisoning (methanol~ 
formaldehyde~ formate). This toxicity would be of greater concern wh~n 
dealing with a drug to be used acutely than would potential 
carcinogenicity. Although a role for HC~O has not been clearly ruled 
out, experiments in monkeys suggest that the resultant formate levels are 
of more concern. 
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In a model fn rhesus 11e>nkeys for llllthanol ocular toxtcfty and metabolic 
acidosis, formate blood and CSF levels of 7 to 34 meq/l were associated 
with optic disc44il1111a, morphological alterations in optic nerve and 
swelling of olfyodendroglfal cytoplasm (Martfn - Amat, Hayreh, Baumtach 
et al, Arch Ophthalmol., 95, 1847-50, 1851-58, 1859-61; Martin-Amit, 
et.al., TAP, 45, 201-208-;-1978). Pretreatlllt!nt wfth folate increased the 
metabolfsm of l'Or111te and decreased the toxicfty (McMartin et al, JPET, 
201, 564-572, 1977). In the propct~~ clinical tr1al, ff we a;sume the 
~ meq of HCHO goes to 5.5 meq of.formate, with a blood concentration of 
1.1 meq/1, there 1s a minfllllm of a 7-f'old safet* factor before ocular 
toxicity occurred in the 1110nkey (which is thoug t to metabolize HCHO like 
the human). 

3. It has been reported that the mechanism for ocular toxicity caused by 
methanol ts the inhibition of cytochrome oxfdase by formate (Nicholls, 
BBRC, 67, 610-616, 1975). Si~ce cytochrome oxidise activity is low in 
white matter, ft has been sug~ested that fts actfvfty may be critical in 
that tissue. The Ki values 'determined for formate Inhibition of 
cytachrome oxidise are between 5 and 30 m M (above reference plus 
Martin-Aiii&t, Arch Ophtnol., 95, 1647-50, 1977). Based on this data, 
blood levels of formate of 1:1' m M would be somewhat lower then those 
expected to produce toxicity. 

~. In dogs and cats administered JS mg/kg (1.2 meq/kg) of formaldehyde by 
i.v. infusfon, a blood HCHO concentration of 25 mg/1 (0.83 meq/1) was 
produced wnich declined to about 1 my/1 by l ho~r after the infusion. i4 
x as much HCHO was in erythrocytes as in plasma). The P'j~ plasma · 
concentration of formate, however, wa~ 144 mg/1 (3. 1 meq at the end of 
the infusion, which declined with a TJ/2 of 1.5 hours. Toxicity was 
not addressed (G. Malorne; et al, Naunyn - Schmiedeb~rgs A.E.P.P., 250, 
419-436, 1965). These data would suggest that peak levels of the ~ 
?Ossibly 1110re toxic metabolite, formate, might be approximated as follows 
for top dose in the clinical trial: 

5 .5 meq of HCHO ( 155 mg) = 3 '".'.;/kg in a 50 kg person. If 35 mg/kg 
of i.v. HCHO ~144 mg/1 of formate, 3 mg/kg or HCHO may result in 
peak blood levels of formate of 12 mg or 0.26 meq/1. (This is 
assuming comparable relative blood fevles to body weight in humans 
and animals. Actually, dogs may have slfghtly larger blood 
volume/kg of body weight than humans, so the estimate for humans is 
possfbly on the low side. The assumption for comparable metabolism 
is also made) • 

This figur~is considerably lower than the Ki for formate inhibition of 
cytochrome oxidase and it is about 25-30 fold lower than the loweH 
levels of formate associated with ocular toxlcfty in monkeys (see numbers 
Z and 3 above). If instead, we examine the blood HCHO concentration 
using these data, an i.v. dose of prodrug that yields 5.5 mmoles of HCHO 
(0. 11 11!1110les/kg) would be expected to result in a peak blood 
concentration of HCHO of o.oa mmoles/liter, or 1/3 of the maximal 
allowable HCHO exposure according to oSRA. 

Evaluation and Reco1mM!ndations: 

The above approximations are extremely crude, but they do provide some data 
for evaluating the risk involved from a drug which will be used acutely that 
is metabolized to pruduce a mole of formal~ehyde for every mole of drug. 
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Based on OSHA lfmfts for exposure to formaldehyde, the guestfmate is that the 
top dose of prodrug planned Jn the rising dose trial (2250 mg) would result in 
anywhere from 1/3 of-tottimes the maximal allowable blood level of 
formaldehyde. If we· cssume that formate is responsible for the expected acute 
toxfcty (occular and actdosfs), there may be anywhere between i 7 fold and a 
30 fold safety factor, based or. toxicity observed in monkeys and blood levels 
of formate measured after t.v. administration of HCHO to dogs. If we believe 
that formate toxicity occurs through cytochrome oxtdase inhibitfon, there is 
at least a small margfn of safety based o.n the Ki. 

In any case, ft fs a close call, and there are a couple of precautions that 
might be considered. Monitoring of blood formic actd, blood pH, bicarbonate 
and pCOz is recommended. Sfnce folinfc acfd pretreatment hastens the 
elimination rate, a sapplement of 2 mg, p.o., might be given the day before 
the trtal. However, ff it 1s considered that this fs an appropriate time to 
determine whether or not forruate levels in blood are detectable (since fn 
practice there would not be time to give folinic acid) I would reco11111end 
careful monitoring for formate levels at all doses before proceeding to the 
next hfghe1 dose. SRO is Hay 4, so sponsor should be phoned. 

cc: Orig.IND 
HFN· 120 
HFN-120/JContrera/5/2/St.i 

/GFitzgera l d 
rd/pJdl 5/15/86: fU!i/l(i/Bti 
doc U471f 

,'.(-f'</t-1--;·A.~((<~,{ 
Glenna G. Fitzgerald /'lj !> 

-



NOA: 20450 

... 
Review and Evaluation of Pharmacology and Toxicology 

Memo to File 

Sponsor: Parke-Davis Pharmaceutical Research 
Ann Arbor, Ml 48105 

Drug: Cerebyx (fosphenytoin sodium) 

Category: Parenteral antiepileptic; prodrug of phenytoin for use in status epltepticus and neurosurgery 

Related IND(s): 

Submission: Response to NOA approvable letter (received 7/15196) 

Contents fc~ Pharm/Tox review: Sponsor's final labeling (Tab 3) 

Evaluation and Recommendations: 

The sponsor's changes are acceptable, but the following corrections/additions need to be mad&. 

Usage In Pregnancy, 
8. Risks to Fetus - p 12, last se11tence of first paragraph 

Changt contribu~on to contrib• rtio'ls. 

Preclinical - pp 12 and 13 

Make wording of dose comparisons and plasma level data consistent (changes in italics): 

paragraph 1, sentence 2: ... (approximately 30% of the maximum hurian loading dose or higher on 
a mglm2 basis), which produced peak maternal plasma phenytoin concentrations of approximately 
20 uglml or greater. 

paragraph 1, sentence 4: ... (approximately 10% of the maximum human loading dose on a mg/m2 
basis) ... 

paragraph 2, sentence 1: .. (approximately 50% ... 

paragraph 2, sentence 2: ... (approximately 120% .. 

Carcinogenesis, Mutagenesls, lmpalnnent of Fertility- p 18, last sentence of second paragraph 

cc: 

Add the following (in italics): Materna: toxicity and altered estrous cycles. delayed mating, prolonged 
gestation length, and developmental toxicity were observed following administration of fosphenytoin 
during mating, gestation, and lactation at doses of 50 mg PE/kg or higher (approximately 40% of the 
maximum human loading dose or higher on a mglm2 basis). 

NOA (20-450) 
O:v File 
HF D-120/G F itzgerald/E Fisher/RNighswandel' 

'/f, '/"1-fr1,· 
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IMPORTANT NOTE ... 
A previous Division of Biopharmaceutics reviewer requested that the Human 

Phannacokinetics and Bioavailability portion of the NDA be written with fosphenytoin doSCli 
and administtation rates expressed in phenytoin equivalents. Since the molecular weight of 
fosphenytoin is I.5X the molecular weight of phenytoin, phenytoin equivalents were 
calculated by multiplying the dose or adminsttation rate of fosphenytoin by 0.67. 

Not all of the NDA has fosphenytoin doses and rates expressed in terms of phenytoin 
equivalents. Fosphenytoin was initially developed b! and Parke-Davis 
did not convert t studies to express fosphenytoin doses and rates in phenytoin 
equivalents. 

The studies conducted after Parke-Davis' acquisition of fosphenytoin arc the most 
critical in evaluating the application. Thus, they constitute the majority of the Synopsis and 
Summary. In order to provide consistency between photocopied portions of the NOA and 
portions of the review constructed de novo by the reviewer, doses and rates of fosphenytoin 
will be expressed in phenytoin equivalents in all portions of this review prior to the 
individual study reports. The convention used in the individual study reports ( Appendbc 2 ) 
varies according to that used in the NOA and is detailed below. 

The following studies were conducted by doses and rates are expressed 
WITIIOUT conversion to phenytoin equivalents: 98201, 98202, 98205, 98206, 98207, 
98210, and 98211. Studies 98213, 98214, 98215, 98216, 98218, 98220, and 98224 have 
doses and rates of fosphenytoin expressed as phenytoin equivalents. 

During site visits by the Division of Scier.tific Investigations, it was determined that 
plasma concentration measurements of fosphenytoin from studies conducted by Parke-Davis 
were inaccurate due to an error in the weighing of standards. This error did not affect 
dosing of fosphenytoin. Parke-Davis has since determined that the accuracy of plasma 
concentration measurements of fosphenytoin from studies is uncertain. A description 
of these inaccuracies is given in the "Response to EIRs identified in 483 Forms" section of 
this review ( p.to). The errors in fosphenytoin concentrations have NOT been documented 
in the individual study reports ( Appendix 2 ) . The values have little bearing on the 
interpretation of studies - the specie of clinical interest is generally plasma phenytoin, not 
plasma fosphenytoin. The errors arc accounted for in all portions of this review prior to the 
individual study reports ( Appendix 2 ). 
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Synops~~ ... 
Fosphenytoin is a phosphate ester prodrug of phenytoin dc:veloped as an alternative 

for parenteral phenytoin. Only one fosphenytoin formulation ( the to-be-marketed 
formulation ) was studied clinically. Since fosphenytoin is a pher ytoin prodrug and no new 
therapeutic claims beyond those approved for parenteral. phenytoir: are being made, proof-of 
efficacy studies were not conducted. Rather, the development pre gram hopes to establish 
that fosphenytoin and phenytoin are bioequivalent sources of phenytoin. 

Study 98224 demonstrates that using the 90% confidence ir1terval approach a.1d the 
log 80 - 125 % C. I. criteria, 1200 mg of IV fosphenytoin at 150 mg/min is bioequivalent to 
1200 mg IV phenytoin at 50 mg/min in terms of maximal free pht:nytoin concentration 
observed (Cmax) and area under the free concentration/time curve from t = 0 to the least 
quantifiable concentration (AUCo.n.nc>· A desired indication for :'osphenytoin is treatment 
of acute status epilepticus. Because rapid attainment of sufficient phenytoin plasma 
concentration is critical in treatment t•f ~tatus epilepticus, analyses were perfonned to 
compare cumulative AUC over time. Using the forementioned confidence interval approach, 
cumulative AUC1.., pb• following administration of 1200 mg of fosp'tenytoin at 150 mg/min is 
bioequivalent to the cumulative AUC1,,,.,.. following 1200 mg of phenytoin at 50 mg/min 
from 30 minutes onward. At doses of 1200 mg and rates of 50 and 100 mg/min, 
fosphenytoin is equivalent to 1200 mg phenytoin dosed at 50 mg/rr.in in terms of total 
AUC1noe p:it but not Cmax, ... ,.... 

Fosphenytoin exhibits non-linear pharmacokinetics: as dose and rate of administration 
are mcre.ased, clearance increases. Fosphenytoin is highly protein bound, and its non-linear 
clearance is hypothesiud to result from protein binding c.:insiderdtions: as dose and rate of 
administration incr~ase, protein binding saturates and greater concentrations of free drug are 
available to be cleared. Independent of dose and rate of administra '.ion fosphenytoin is a 
short-lived specie; terminal elimination half-life of the drug is appnximately 15 min and, 
regardless of dose or rate of administration, fo~phenyt:>in is rarely quantifiable 5 hrs post
dosing. The conversion of fosphenytoin to phenytoin i! con.;1stent •llld essentially complete. 

Unlike phenytoin, fosphenytoin is readily absorbed when ad:nlllistered IM. Average 
bioavailability of phenytoin from 250 mg of IM fosphenytoin is 101 %. 

Study 98207 examined the disposition of fosphenytoin in renal failure and hepati<'.ally 
compromised patients. Fosphenytoin clearance is more than 2-fold as great in cirrhosis 
patients and about l. 8-fold as great in renal failure patients as in hetlthy volunteers. This is 
consistent with decreases in piasma protein concentrations in these patients reducing 
fosphenytoin binding and increasing the concentration of fosphenytoin available to be cleared. 

Because treatment of status epilepticus often includes concomitant administration of 
phenytoin and diazeparn, a drug interaction study of fosphe~ytoin w:.th diazepam was 
performed. Neither drug affertcd the pharmacokinetics of the other. However, submaximal 
doses of fosphenytoin and diazepam wert used in the study. 
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. . . 
The analyucal methodology presented throughout the NOA was a validated 

assay. However, commercially available fluoresence immunoassays for phenytoin are 
routinely used to monitor phenytoin plasma concentrations. Cross-reactivity of these assays 
to fosphenytoin occurs. 

Differences in fosphenytoin disposition between age, gender, race or any other sub
group were not observed and there is no evidence of atypical phenytoin pharmacoldnetics due 
to differences in fosphenytoin disposition between individuals. 

Recommendation: 

The Human Pharmacokinetics and Bioavailability pcrtion of New Drug Application 
20-450 meets the requirements of the Division of Pharmaceutical Evaluation I, Office cf 
Clinical Pharmacology and Biopharmaceutics. Our !abeling revisions have been included in 
the comprehensive copy of labeling provided as Appt"ndix 1 of this review. Please note the 
"Comments to the Medical Officer" below. 

Comments to the Medical Officer: 

1. Study 98207, Conversion Of Cl-982 Io Phenytojn In Patients \17jth Renal Or 
He.gatjc Disease - A Pilot Study, was performed at low dose and low rate of 
fosphenytoin ( 250 mg al 8.3 mg I min ), and did 1101. measure free phenytoia. The 
use of low dose and low rate fosphenytoin is not optimal beu..1.1se the conditions with 
greatest potential for maximal deviation from the non:i are high dose and high rate. 
Failure to measure free phenytoin is problematic because it is free phenytoin which 
would be best correlated with efficacy and toxicity, Although the I'!'.sults obtainec.J do 
allow the sponsor to label that fosphenytoi11 r.learance is enhanced in patients with 
renal or hepatic disease, they are of ~1ttle value in advising a clinician on how to 
administer high dose and high rate fosphenytoin ( as woulC: be recommended in status 
epilepticu:; ) to individuals who are hepatically or renally ::ompromised. 
This study does demonstrate that neither renal nor hepatic disease have marked 
effects on the extent of cl"'nversion of fosphenytoin to phenytoin. 

2. Study 98211, Evaluation Of The Pharroacokjnetic Interaction Between Dianpam 
and CI-982· In Healthy Male Volunteers, was performed at submilllimal dose and rate 
of fosphenytoin ( 750 mg at 50 mg I min ) and submaximal dose of diazeparn ( 10 mg 
at S mg I min). Diazeparn, in status epilepticus, can be administered at doses up io 
30 mg I 30 min. Although a drug interaction was not observed in this study, the 
conditions with greatest potential for maximal deviation from the norm ( maximal 
dose and rate ) were not studied. 
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List or Studies 
~. 

Dose Ranging and Tolerance 
98201 - IV fosphenytoin 

Bioavailability 
98202 -- IV fosphenytoin and IV phenytoin 
98210 - IV fosphenytoin and IV phenytoin 
98206 - IM fosphenytoin and IV phenytoin 

Bioequivalence 
98220 -- lV fosphenytoin and IV phen ytoin 
98224 -- IV fosphenytoin and IV phenytoin 

Dose Proponionality 
98218 -- IV fosphen ycoin 

Clinical 
98205 - IM a·1d IV fospbenytoin substitutl'.d for PO phenytoin in epileptic patients 
98213 -- IM fosphenytoin substituted for PO phenytoin in epileptic patients 
98214 -- Il\{ fosphenytoin for seizure prophylaxis in neurosurgery patients 
982 l 5 -- IV fosphenytoin or IV phenytoin for seizure prophylaxis in neurosurgery 

pauents 
98216 -- IV fas'Phenytoin in status epilepticus patients 

Special Populations 
98207 - IV fombenytc.in in ~epatically compromised and renal failure patients 

Drug Interaction 
98'.lll -- IV fosphenytoin and IV diazepam 

Research Reports 
RR 764-02124 - protein binding of fosphenytoin and phenytoin 
RR-X 764-02114 - pharnmc:okinetic meta-anlysis of fosphenytoin clinical trials 
RR 764-02074 - cross-reactivity of fosphenytoin in phenytoin immunoassays 
RR 764-02073 - stability of fosphenytoin in blood and plasma containing :1eparin or 

FDTA 

b 



Introduction 
~. 

The following ( pp. 7 - 9 ) are excerpted from lhe NDA and provide a suitable 
introduction to the pharmacology and chemistry of fosphenytoin. Statements regarding 
BA/I'K/PD within this Introduction are the sponsor's contentions and not necessarily the 
reviewer's conclusions. 

The nomenclanm for fosphenytoin is as follows: 

Structural Formula 

Molecular 

Formula 

Molecular Weight 

Chemical Name 

Code Designations 

USAN 

-
H 

NYO 0 

A--~ II e 
C~O-P-0 

~e 

406.24 

5 ,5-Diphenyl-3-[ (phospbonooxy)methyl]-2, 4-

imidazolidinedione disodium salt 

CI-982 disodium salt 

PD 135711-ISB 

9653 

Fosphenytoin sodium 

CAS Registry Number 92134-98-0 

Other Name 
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~ . 
Fosphenytoin sodium (hereaflcr refemd to as fosphenytoin) is a prodrug of the 
anticonvulsant phenytoin, int"""ed for parenteral administr.uion. Fosphcnytoin is 

rapidly and completely convl!l'ted to phenytoin in vivo. The pharmacological effects 
of phenytoin derived from fosphenytoin are essentially the same as those of parenteral 

phenytoin. The anticonwlsant effects of phenytoin have not been observed with 
fosphenytoin prior to conversion to phenytoin. 

2.J.2. Scientific Rationale 

Parenteral phenytoin is used for the acute treatment and control of seizures in patients 
with status epilepticus, for the treatment or prophylaxis of seizures in patients with 

epilepsy or in neurosur:gical patients, and as a substitute for oral pbenytoin when oral 

administration is not feasible. The current parenteral fonnulation is prepared in a 
vehicle of 40% propylene glycol and 10% ethanol adjusted to pH 12 with sodium 

hydroxide, and can be administered either intravenously or intramuscularly. 

Intravenous administration of phenytoin often produces local pain and burning and has 
also been associated with hypotension, cardiac rhythm disturbances, and severe tissue 
necrosis following extravasation. Intramuscular administration of phenytoin is not 
widely used because its absoi:ption is erratic and unreliable, it crymlliu:s at the 

htjection site, and it also produces local reactions. 

Unlike phenytoin, fosphenytoin is freely soluble in aqueous solutions and is 
fonnulated in TRIS buffer at a pH of 8.6 to 9.0. Fosphenytoin is rapidly and 
completely converted to pbenytcin in vivo. Parke-Davis developed fosphenytoin as an 

alternative to parenteral pbenytoin based on the assumption that its fonnulation 
without organic oolvents at a lower pH would result in better injection- or Infusion

site tolerance and fewer of the complications associated with parenteral phenytoin 

administration. Tne development program focused on demonstrating bioequivalence 

between fosphenytoin ana phenytoin and the safety of fosphenytoin. Since 
fosphenytoin is a pbenytoin prodrug and no new therapeutic claims are being made 

beyond those ~y approved for parenteral phenytoin, proof-of-efficacy studies 
were not conducted. 



•• 

2.3.3. Potential Clinical Benefits 

Fosphenytoin is rapidly and complctcly. convened to phenytoin. With IV 
administratior. of equimolar lmding doses at the proper rate, fospbenytoin produces 

plasma concemrations of unbound phenytoin that are equivalent to those of IV 
Dilantin. Fospb.enytoin administered IM is readily absorbed and is fully bioavailabl.e. 

Fosphenytoin achieves thezapeutic plasma phenytoin concenttations with the following 

clinical benefits: 

• Fosphenytoin is sig.llfi.cantly better tolerued at the injection or i.'lfusion site than 
parenteral Dilantin. 

• Inttavenous administration of fosphenytoin has fewer complications than parenteral 
Dilantin, including decreases in infusion rate because of local irritation or 

hypotension, changes in the IV site, and complications from infilttation. 

• Fosphenytoin can be mixed with normal saline or 5 'Jli dextrose in water and 
administered without an in-line filter. 

• Fosphenytoin offers JM administration as a viable alternative route. 

2.3.4. Intended Use 

This New Drug Application (NDA) supports the short-term (up to 14 days) use of 

fosphenytoin for the acute treatment and control of seizures in patients with status 

epilepticus, for the treatment or prophylaxis of seizures in patients with epilepsy or in 
neurosurgical patients, and as a substitute for onl phenytoin when oral administration 
is not feasible. 



Bioequivalence 
~. 

It is imperative to read IMPORTANT NOTE on p.3bcforc reading the following. 
As stated in the Introduction, the sponsor did not perform proof-of-efficacy studies 

with fosphenytoin, and desires that the drug be approved on the basi~ of biocquivalence with 
phenytoin. 

Because phenytoin is highly ( • 90% ) protein bound in vivo, free phenytoin is the 
specie of clinical importance. Studies 98220 and 98224 arc crossover studies comparing 
plasma free phenytoin concentrations following IV administration of fosphcnytoin and 
Dilantin. 

Dnt1 Adal-loa 
No. 

SOid)' No. ud Ducriplioo ~"'l'bY Dn1, -
Doot Ru - a..i- (•I 

No. of 
(ml) (•sJ'I!) PE/ml•) 

P.11icipain11 - T"'"' ApRup FOS, IV llOO 1200 Siqlo- iO 12 
12 ·- OIL, IV 1200 1200 Sloslo- 50 12 

Doablo-blind, nlldomized, pl-...,Olrolled, J.woy PBO, IV" NA NA Sla1locloto NA 12 
crotto'fllr, 1in1 .. -doM. 1ia1le-c:eMet, ufery, lollnao1, 1"o-• G-
ud pbarmacotiMCic 11udy of IV fOlphuytoi• •-' 12PIO llM1le1 
DilutJa in ballby subject• 12FOS OFtm1le1 

12 OIL _,...... .... 
12 FOS JO W•ir. 
12 DIL I Bladt 

I <>ti.er - Tolal ApRup 
12 2M2 FOS, IV llOO 1200 Siqlo- 100 12 

No.bliad, nndomizad, 3-way croncrtar, li•a...._, FOS, IV JIOO 1200 
Si .... -

liO 12 
1l9cit-c:eD1er, 11tety, 101snince, 19d plYinnlCOkillllic ltffJ' ,.,. ..... - OIL, IV 1200 1200 Siqlo- iO 12 
of IV foaphenytoin ind Ollanlin ia hulthy nbjecu 12FOS 12M1lel 

12 DIL 0 Females 

AMlped' Roe• 
12FOS 10 White 
12 OIL 2 Olhlr 

The results from these studies arc excerpted on the following page. 

I() 

0.-ot 
Dall .. 

Slqlo-

s1111o-
Sl11lo-

Siqlo-
Sioslo-
Sia11t doll 



... 
TABLE 3. Comparison of Mean Pree Phcnytoin Pbarmacoldnetic P~ter 

Values Following IV Administration of 1200 mg Posphenytoin and 
Dilantin (N - 12): Studies 982·20 and -24 

emu. pg/mL 
tmu, br 
AUC(~ddc), pgilr/ml 

Cmax, pg/mL 
tmu, br 
AUC(~ddc), pgilr/mL 

Fospbenytoin Dilanlin 
Man "RSD Mall .. RSD 

50 mlflnln 50 liii'liilD 
2.S8 20.4 4.04 33.2 
9.49 3S.2 0.46 22.2 

66.1 30.9 74.1 24.8 

100 mlflnln 50 mg/min 

2.78 21.8 3.30 2S.6 
0.S2 37.0 0.S3 17.3 

79.S 14.l 87.1 22.0 

150 "'lfmln 50 mg/min 

emu. µgimL 3.18 28.3 3.30 2S.6 
tmu, br O.S7 S8.S 0.S3 17.3 
AUC(~ddc), µgilr/mL 8S.S 16.6 87.1 22.0 

Mean - Arithmetic mean Of llDlnllSfarmed dlla. 
.. RSO - Relative swidard deviation <* of mean value). 

108.2 
87.lb 

84.7" 
99.S 
92.2b 

95,gb 

1C9.S 
98.~ 

S3.8 • 77.Sb 
94.7. 121.7 
83.0. 91.1" 

72.'J. 98.Bb 
69.7. 129.2 
88.4. 96.2b 

82.1 • 111.7" 
79.8. 139.3 
94.8 • 103.2b 

Ralio - Ratio of IJ'C&lmellt least-squares mean values (FospbellytOiP/I>ilantiD) expressed u a 
peredlrage. 

• 90'll> Confidence Interval is lbe 90'll> roaf!destce estjm•te for ralio of DUIJl!eat last·.squan:s tllClll 

values. 
b These values are bucd on alllilop of treallDalt least·sqiwes ~ values. 

Study 98224 demonstrates that, using standard bioequivalence criteria on free 
phcnytoin data, 1200 mg IV fosphenytoin at 150 mg I min is bioequivalent to 1200 mg IV 
Dilantin at 50 mg I min based on AUC and Cmax. Dissimilarly, at the 100 mg/min rate a.rid 
using free phcnytoin data, fosphenytoin and Dilalltin are equivalent for AUC but not 
equivalent for Cmax. 
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FIGURE 13. Cumulative Free Pbenytoin AUC Ratio Analysis: Study 982-24 

96 

Melin nlioa of AUC for tat --(fOlpbellytoia 11150 ma/DllllYAUC far merence llN'DW'I 
(Dilmtin at SO mg/mill) me plolled along widl die i:a1espaM1ing 90'll> c:nnfidence illlervals. Tha dubed 
vertical Im represen1 die C1IStlllUIY IO'lll ml 12.S" COllfideDce imerval bouDdaries for bioequivalence 
testing Ind tbe 100* refereace line. Time Axis ~2 (top panel) Ille! ~96 (boaom pmel) hours. 

Note: All doses and dose rares 1re upa sed in pben)'U>in equivalems. 
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One of the desired indictions for fosµhenytoin is acute status epilipticus. Efficacy in 
this disorder is presumably dtte to rapid attainment of high concentrations of plasma free 
phenytoin. Therefore, free phenytoin AUC, 0 • TLDC > may not be a measure of relevant 
exposure, and the sponsor was requested to calculate, across the first 2 hours JX'St-initiation 
of dosing, the ratio of cumulative free phenytoin AUC from fosphenytoin administration to 
that from phenytoin administration. At both the 100 and 150 mg/min infusion rates, the 90% 
confidence interval for Cumulative AUC falls within the 80 - 125% range from about 30 
minutes onward. 

Studies 98220 and 98224 are the only investigations which attempt to show 
bioequivalence of free phenytoin from fo51 !ienytoin and Dilantin. They provide a scientific 
basis for dosing recommendations when maximal dose I infusion rate is desired ( eg. status 
epilepticus ) . 

Fosphenytoin Pharmacokinetics 

Plasma fosphenytoin concentrations increase with increasing dose and infusion rate 
and then decline with a terminal t1n of approximately 0.25 hr independent of dose and 
infusion rate. 

Fosphenytoin clearance is dependent upon both dose and infusion rate. Fosphenytoin 
is highly bound to plasma albumin ( approximately 95 3 bound at Cmax following high dose 
I high rate administration ), and the changes in clearance are hypothesized to be a result of 
nonlinear prot.:in binding: as dose and infusion rate increase, higher plasma fosphenytoin 
concentrations are attained, protein binding saturates, more free fosphenytoin is available to 
be metabolized, and fosphenytoin clearance is enhanced. The figure below illustrates the 
changes in clearance observed with changes in dosing regimen. 
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FIGURE 1. Relationship Between Mean Fosphenytoin Clearance Values, 
Dose, and Infusion Rate Following Intravenous 
Administration of Fosphenytoin to Healthy Subjects 

The effect of the above mentioned changes in clearance on the concentration-time 
profile are not easily summarized. No structure exists which allows for the change in 
clearance to be used to describe changes occuring "early" in the concentration-time profile. 
What is meant by "early" is prior to the terminal linear phase of elimination. The sponsor 
has shown that concentration-dependent changes in clearance are accompanied by 
proportional changes in fosphenytoi11 volume of distribution during the terminal linear phase 
of metabolism ( Vd..,. varies from 4.3L when 100 mg is infused at 3.3 mg I min to 10.~ L 
when 1200 mg is infused at 150 mg I min ). These Yd changes are consistent with a protein 
binding interaction model: as concentration increases free fraction increases and drug leaves 
plasma. The combination of increased clearance with increased Yd.,.. result in a constant 
elimination tin· 

Independent of dose, route or rate of administration, fosphenyotin is a short lived 
specie. The total number of individuals receiving serial sampling in studies 98213, 14, 15, 
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16, 18, 20 and 24 was 124 ... Qf these 124 only 7 ( < 6%) had detectable fosphenytoin 
plasma concentrations at 5 or more hours post-initiation of administration. 

Based upon equal AUC of total phenytoin from IV phenytoin and from fosphenytoin, 
it appears that conversion of fosphenytoin is essentially complete. 

Special Populations 

A study with renal failure patients and hepatically compromised patients was 
performed. Before examinini the first table below (Table 3.), please note that the values 
listed for Cmax, AUC, Cl and Vd require adjustment -- the values for Cmax and AUC can 
be determined by multiplying the table values by 0. 753. The values for Cl and Vd can be 
determined by dividing the table values by 0. 753. The values for Tmax, lambda,. and t

112 
do 

not require adjustment. The second table below ( Table 7.) is for phenytoin and no 
correction factor is required. 

TABLE 3. ACC-9653 PHARHACOKINETIC PARAMETERS 
(MEAN :1: SD) 

re u1r<- l.,,_.~f:ol\ 
• f +ii;s -1,.1e.. . 'f . fie!!--- ~" e.. 

(l ofr : po, +:o,, .s a ;;; 
+e.c + aiove-

P1r11•t.er ~ l WDUlr gC!21i!R 
(Ll!ou) Ranal (.._.) Hepatic (n••) Hoalt111 , ... ) 

c., (>.ig/aL) JS.I :1: U.2<ol 25.1 :I: 11.5 0.4 :I: I.I 
r •• (oin) 31.1 :I: I .I (o) 21.7 :I: 5.1 31.1 :I: 1.4 
>.,. (hr"') i.19 :I: 2.21 11.42 :I: 3.15«> 4.71 :I: 1.11 
t. 112 (1in) I.ii :I: 3.91<» •.31 :I: I. 77<'1 1.51 :I: 2.11<•> 
AUC0.,. (>.igOhr/oL) 17.1 :I: I.I 12.1 :I: 5.7 25.5 :I: 1.2 
AUC0 - (>.igOhr/oL) 17.1 :I: 7.1 13.1 :I: i.7 25.5 :I: 1.2 
C. (\./hr) 21.1 :I: 1.4 21.1 :I: 11. 7 U.7 :I: 1.7 
a. (l./hr/kg) 1.211 :I: 1.142 1.337 :I: 1.147 I.Iii :I: 1.147 
y. (\.) 4.14 :I: 1.il 2.11 :I: 1.57 2.17 :I: 1.0 
v. (l./kg) l.IUl:I: 1.1113 1.1327 :I: 1.1111 l.U.. :I: l.N77 

(•) ... Ne3 

<•> - AriU..e\.ic Hin ind at.andlrd 4ni1t.ion. HaNonic "'" :t p.Mudn 1Uind1rd ff,iat.ion 
ul ... of half·li•• wN 7.44 :1: 2.13, !." :1: 1.H, and l.U :I: I.II •i- for tho 
Nna I , llepot ic, ""' hn I th1 YOlunt.r 9roupo, ,...,..ti•• 11. . 

«> - Significant diffo..-o fNO llhlth1 au~jocw (p <I.Ii). (Hop1toc "Hnlt111) 
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TABLE 7. PHENYTOIN PHA1lfo!ACOKINETIC PARAMETERS 
{MEAN .t ·so) 

Paf"ueter ralMDYIC ACIMR 
~iu) Ren1I (nu4) Hep1\ic (ne4) 

c •• U./11.) 4.H :t 1.21<o> 4.41 :t 1.33 

r •• (llr) 1.79 :t l.JtC.l 1.11 :t 1.22 

>.,, (hr·•) 1.1421 :t l.•1132 1.12113 :t 1.llH 

\ 112 (hr) 17.1 :t 1.1·:» 21.& :t 11.2<>> 

NX0 .,- ~Ohr/II.) H.t :t 17.4 &1.4 :t 11.1 

NX.- ~Ohr/IL) 97.4 
:t "·' 

114.7 :t 27.2 

(o) - Nol. 

llo11\ll7 (""4) 

4.21 :t 1.12 

1.3' :t 1.11 

1.1331 :t 1.1177 

21.3 :t 4.t<>> 

12.2 :t t.4 

112.1 :t 21.1 

<~> - AriU..e\ic Hin ar:-d 1Und1rd d••i1\.ion. Hlraonic nan :t paeudo a\.lndatd 4eYia\ion 
•1lue. of h1lf·li• .. 11ro 11.1 .t I.I, 2!.7 :t 7.t, 111d 21.5 :t 4.1 houri for \llo ron1I, 
hep1\ic, '""·""'"'1 YO!un'-!r .... ,.., .._,; .. 17. 

llo 1\1\i1\ie1ll7 1i.,ific1n\ diff1ronc11 11ro oiluntd bot-• YOlun\ffr groufll (p ) I.IS). 

Using the corrected values, fosphenytoin clearance is more than 2-fold as great in 
cirrhosis patients and about 1.8-fold as great in renal failure patient£ than in healthy 
volunteers; however, it should be noted than the number of patients in each group of this 
study is small. Based on these data plasma concentration monitoring for patients with renal 
and hepatic di!!CaSe is recommended in labeling. 

Visual inspection of fosphenytoin concentration-time profiles docs not show 
differences across age, gender, race or any other sub-group. This is consistent with the fact 
that phosphatase activity is extensive and differences between individuals are likely to result 
in little or no difference in the conversion of fosphenytoin to phenytoin. 

The conversion of fosphenytoin to phenytoin is consistent and essentially complete. 
There is no evidence of atypical phenytoin pharmacokinetics due to differences in 
fosphenytoin disposition between individuals. 
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Drug interactions .. 
Standard treatment for status epilepticus at many institutions includes concomitant 

administration of IV diazepam and IV phenytoin. Therefore, the sponsor penorrned a drug 
interaction study examining the eff~t of concomitant administration of fosphenytoin and 
diazepam on the phannacokinetic profiles of fosphenytoin, diazepam and phenytoin derived 
from fosphenytoin. No differencr.s in the kinetics of fosphenytoin, phenytoin or diazepam 
occurred. However, the doses of fosphenytoin and diazepam used in the study were 
submaximal: 750 mg of fosphenytoin was administered, labeling is for up to 20 mg/kg ( 
1400 mg in a 70 ki, individual ). Ten mg of diazepam was administered, labeling is for 
doses up to 30 mg. Thus, conditions likely to show an interaction ( maximium dose of both 
agents ) were not examined. 

The metabolism of fosphenytoin to phenytoin is accomplished by phosphatases. Since 
phosphatases are generally not responsible for xenobiotic drug metabolism, pharmacokinetic 
drug interactions between fosphenytoin and agents which are not phosphate pro-drugs are 
unlikely. Given the abundance and wide distribution of phosphatases, it is unlikely that drug 
interactions between fosphenytoin and other phosphatase-converted pro-drugs would be 
significant. 

IM administration 

Because phenytoin is not usually administered IM, fosphenytoin IM was compared to 
phenytoin PO and phenytoin IV. 

Average absolute bioavailability of phenytoin derived from a maintenance dose ( 25u 
mg ) of IM fosphenytoin administered to healthy volunteers is 101 % ( Study 98206 ). 

In epilepsy patients being maintained on PO Dilantin, substitution of equimolar IM 
fosphenytoin for PO Dilantin results in an increa.o;e in Cmax1,..,._,... ( 38% ). AUC1,..,....,..... 

( 24% ). and trough,.,.......,.... ( 16% ) ( study 98213 ). This observed increase in Cmax may 
be due to differences in dosing frequency: PO Dilantin was administered QID while IM 
fosphenytoin was given QD. 

Formulation 

Only one fosphenytoin formulation ( the to-be-marketed formulation ) was studied 
clinically. 

Analytical methods 
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Response to EIRs identified in 483 Fonns ... 
Following site inspections for the 98214, 98218 and 98224 studies, the Division of 

Scienti1ic Investigations issued multiple Form 483 to Parke-Davis. A review of the EIRs 
detailed in these 483 is provided as Appendix 5. We find that two of the EIRs need be 
addressed. The first is b~ntified as 1. in Appendix 5 and is reproduced below. 

1. Repor.ted fosphenytoin concentrations were in error since 
the water content of the fosphenytoin reference standard 
was not taken into account in calculations. 

The water content of the f osphenytoin sodium reference material 
was reported to be 22.5%. The salt form represented only 77.5% 
of the weight of the undried powder. The firm did not dry the 
powder on the grounds that the material was unstable with respect 
to heat. Therefore, the reported concentrations of fosphenytoin 
in plasma are in error, and need to be corrected. Similarly, 
some uf the derived pharmacokinetic parameters for fosphenytoin 
(Cmax, AUC, l':L, Vd) require correction. 

In response to the identification of this deficienry, Parke-Davis audited the NDA to 
determine if errors in tne r.alculation of fosphenytoin concentrations occured in studies other 
than 98214, 9S218 and 98224. A portion of their conclusions is presented on the following 
page. 
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Parke Davis-gene1'Clled studies 
As noted in the October 19, 1995, submission, fosphcnytoin concenttations and 
estimates of fosphenytoin Cmax, AUC, CL and Vd in clinical trials conducted by 
Parke-Davis may be corrected by applying a correction factor of0.753. Fosphenytoin 
free fraction, tmax, elimination rate and half life estimates are unaffected as their 
estimation· does not depend on the absolute value of concenttations used in their 
derivation. Therefore, parameters documenting the rate of fospbenytoin conversion to 
phenytoin arc not affected. Further, phenytoin and free phenytoin concenttations, 
whether derived from Dilantin or fosphenytoin, are unaffected and thus the 
bioequivalency of fosphenytoin and phenytoin as presented in the pending NOA are not 
affected. 

Jtnerated srudies 
Our submission of October 19, 1995, indicated that we were attempting to determine if 
the fosphenytoin concentrations reported in the initial studies generated by 
were also in error. We have since determined that these concentrations in the 
clinical studies are most likely in error. We have determined the lot number and water 
content of fosphenytoin reference standard used in Protoeols 982-007 (renal and hepatic 
disease) and 982-011 (diazepam interaction). Our findings indicate that it is likely that 
fosphenytoin concenttations and parameters in these reportS can be corrected by 
applying the same correction factor used in Parke-Davis studies. Since these reports 
were prepared by _ we have not modified the original repons, but have added 
appropriate information to the cover page. Lot numbers, and thus the water content, of 
fosphenytoin reference ~tandards used in other studies cannot be unequivocally 
determined at this time. We have also added information identifying this potential 
problem to the cover pages of these reports. These early studies document phenytoin 
pharmacokinetics following low fosphenytoin doses (Studies 982-1,3), the absolute 
bioavailability of phenytoin following intravenous and inttamuscular fosphenytoin 
dosing (Studies 982-2,5,6, 10), the effects of hepatic and renal insufficiency on 
fosphenytoin conversion to phenytoin (Study 982-7), and a dia7.cpam.-phenytoin drug
drug interaction study following fosphenytoin administration (Study 982-11). These 
studies are intended to address questions of rate and extent of fosphenytoin conversion 
to phenytein. Parameters used to reflect these processes (fosphenytoin half-life and 
phenytoin AUC, Cmax, and tmax) are unaffected. Therefore, the conclusions from 
these studies are not affected by our inability to accurately modify the fosphenytoin 
concentrations in these early studies. 
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. . . The errors in fosphenytoin concentrations have NOT been accounted for in the 
1nd1V1d~ study repo.rts ( Appeddix 2 ). The values have little bearing on the interpretation 
of studies ~- the specie of clinical interest is generally plasma phenytoin, not plasma 
fosphenyto1n. 

The second EIR of significance is identified a,s 3. in Appendix S an<! is reproduced 
below. · 

3. Failure to use the appropriate matrix to prepare QC 
samples for validating stability in storage and 
reliability of the ultraf iltration step (assays of free 
phenytoin in plasma ultraf iltrate) and for validating 
stability in frozen urine. 

The assay for phenytoin in sample plasma ultraf iltrate included 
the following stages: frozen storage, thawing, possible 
refreezing and rett1awing, ul traf il tration, dilution, extraction, 
and chromatography. In the case of the QC samples, used both for 
validating stability in storage and monitoring daily performance 
of the assay, the stages of frozen storage, thawing, and 
freeze/thaw cycles were conducted after ultraf iltration, out of 
the sequence for study samples. Thus, the possibilities that 
phenytoin stability was different in PUF vs. plasma, that the 
binding proteins were unstable, and that the binding equilibria 
between free and protein-bound phenytoin disproportionated during 
frozen storage, thawing, or freeze/thaw cycles, were not 
investigated. The recovery of free phenytoin during the 
ultraf iltration stage was not established. The within-day and 
between-day variability of the ultrafiltration stage was not 
considered. The reproducibility of the ultrafiltration stage was 
not monitored during the assay of subject samples, because 
plasma-based QC samples were not ultrafiltered with each run. 

QC samples for the assay of phenytoin in PUF should have been 
prepared in fresh whole plasma. The firm replied that phenytoin 
stability in whole plasma was demonstrated, and contended that 
this established stability of phenytoin measul:ed in PUF. The 
co~siderations outlined in the previous par~graph (differences in 

stability, stability of binding proteins, disproportionation, 
recovery, ultrafiltration variability) were not addressed. 



There is literature cvi~epce that plasma proteins do not degrade with multiple 
freeze/thaw cycles, and there is also literature evidence that plasma phenytoin can be stored 
frozen for lengthy periods of time without degradation of phcnytoin. The NDA provides 
evidence that fosphenytoin is stable w'1en stored frozen in plasma. However, because of the 
improper handling of the standards, we cannot categorically rule out the possibility that 
differences in stability of fosphcnytoin, phenytoin and/or binding proteins, dLl occur between 
the samples assayed in studies 98214, 98218 and 98224. We believe that such differences 
likely did not occur, but this belief is not based upon empirical evidence from the studies 
themselves. 
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Si&D-Off ... 

This review was presented to the Division of Pharmaceutical Evaluation I, Offic'.! of 
Clinical Pharmacology and Biopharmaceutics on December 18, 1995. Attendees: 

Office of Clinical Pharmacology and Biophannaceutics: Drs. Lesko, Malinowski, Chen, 
Gillespie, Baweja, Harris, Miller, Williams 

Division of Neuropharmacologic Drug Products: Ors. Leber, Feeney, Fitzgerald, Fisher 

FT 12o-f~ ~~ahf-~ I 17.../ (j, / '1~ Robert Hauis, Ph.D. 

FT #?.~ y /~4.5 Raymond Miller, Ph.D. 

FT k'lfk 12 /21 /'IS Gene Williams, Ph.D. 

FT 1-1::;~ 1v/>1/~S- Raman Baweja, Ph.D. 
~ I 

Team Leader 

cc: NOA 20-450 (orig ), HFD 120, HFD 860 (Harris, Miller, Williams, Baweja, 
Malinowski ), HFD 340 ( Viswanathan ), HFD 019; Drug, Chron, and Reviewer files 
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STUDY: A dose ranging tolmnce study ofCI-982 in healthy volynteers· A sjngle center study 

PROTOCOL NUMBER: 982-01 ( 9653-86-01 ) 

RESEARCH REPORT NUMBER: RR 744-00024 

STUDY DESIGN: This was a single blind, dose-ranging study with randomized placebo control. 
The drug was administered by iv infusions over 30 minutes. The dose administered was: 150 mg 
(n=5), 300 mg (n=4), 600 mg (n = 4), and 1200 mg (n=3). The maximum infusion rate was 40 
mg/min. Dlood was sampled up to 72 hours after the initiation of the infusion. 

DOSAGE FORM: See Formulation Summary: Appendix 3. 

ASSAY: See Analytical Methods Summary: Appendix 4. Heparin was used as an anti
coagulant in this study. 

SAFETY F -: SUL TS: No adverse experiences were reported at the 300 and 600 mg dose. Minor 
CNS adverse reactions including lightheadedness, headache and nystagmus were reported at the 
600 and 1200 mg doses. None of the subjects prematurely discontinued the study. 

PHARMACOKINETIC RESULTS: The phannacokinetic results are summarized in Table 1 
below. Fosphenytoin was rapidly converted to phenytoin with a half-life of approximately 7.7 
minutes. Fosphenytoin appeared to display linear kinctic.i in this concentration range. This 
result is consistent with later studies because the highest dosage in this study (1200 mg 
fosphenytoin at a rate of 40 mg/min= 800 mg phenytoin equivalents at a rate of27 mg/mL) is 
lower than the dosages at which nonlinearities have been observed. Phenytoin kinetics were 
consistent with those previously reported. Thus, at the relatively low doses used in this study it 
does not appear that fosphenytoin has a large effect on phenytoir. phannacokinetics. Subtle 
changes in phenytoin phannacokinetics would not have been Jeie<.ted in this type of study. 

CONCLUSIONS: In healthy vo!unterrs, fosphenytcin is safely administered at the highest level 
studied (1200 mg given over 30 minutes). It is rapidly collvtrted to phenytoin. 
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Table I. Fosphenytoin and plieiiytoin phannaeokinetie parameters. Values are mean:!:: standard 
deviation 

FOSPHENYTOIN PHENYTOIN 

DOSE Cmax CL Ve Tl/2 Cmax CL Ve Tl/2 
(mg) (µg/mI.) (Uhr) (L) (min) (µg/mL) (Uhr) (L) (hr) 

150 19.9 P.3 2.5 7.75 2.2 3.1 48 10.7 
:!::2.6 :1::2.0 :!::0.3 :!::0.5 :!::O. 4 :!::l.3 :!::ll :1::2.2 

300 36.0 14.2 3.0 8.93 4.1 2.8 48 14.7 
:1::4.6 :!::3 .2 :!::0.3 :1::1.2 :!::0.4 :!::l.O :1::4.9 :!::10.2 

600 70.3 14.0 2.4 7.23 6.9 3.2 59 12.5 
:!::5.0 :!::2.2 :!::0.3 :!::0.2 :!::O. 7 ±0.4 :!:6.4 :!::0.4 

1200 135 14.2 2.3 6.55 18.8 1.4 41 20.4 
±13.0 :!::l.8 :!::0.5 ±7.4 ±1.3 :!::0.3 ±1.5 ±3.9 
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STUDY: Absolute bjoayaj!abjtity ofphenytojn after jptcayepous CI-982 admjnistcatjop of 
healthy male volunteers 

PROTOCOL NUMBER: 982-02 ( 9653-86-02 ) 

RESEARCH REPORT NUMBER: RR 744-00025 

STUDY DESIGN: This was a randomized, open-label, two treatment crossover. The 250 mg 
phenytoin and 375 mg fosphenytoin doses were administered by iv infusions over 30 minutes. 
Twenty six blood samples w~e obtained per treatment up to 120 hours after drug infusion. Total 
drug concentration in the pllwna was measured at all time points, total concentration in th" blood 
was measured at six of the .:ollection times points, and unbound concentration in the plasma was 
measured at two time points ( at the end ofthe infusion and 30 minutes after the end of the 
infusion). Treatments were separated by two weeks. 

SUBJECTS: Healthy male volunteers ( n=l2 ). 

DOSAGE FORM: See Formulation Summary: Appendix 3. 

ASSAY: See Analytical MethodJ Summary: Appendix 4. Heparin was used as an anti· 
coagulant in this study, and the temperature at which ultrafiltration was performed is not clear 
from the study report. 

SAFETY RESULTS: No major adverse reactions were observed in this study. Fosphenytoin 
injection caused less injection site irritation than did phenytoin injection. 

PHARMACOKINETIC RESULTS: The bioavailability of phenytoin after iv fosphenytoin 
administration compared to after iv phenytoin administration was 99.2% ± 0.031 (because of the 
low variability the two dosages are actually bioequivalent in terms of AUC; Table 3 ). The 
concentration time profiles were similar but not superimposable at early time points (Figure l }. 
The unbm.:nd fraction of phenytoin was highest immediately after the fosphenytoin infusion ( 
Table l, this result is consistent with fosphenytoin displacing phenytoin from plasma proteins. 
The effect is quite small because of the relatively small fosphenytoin dose used in this study). 
The blood to plasma ratio for fosphenytoin was approximately 0. 5 for 5 of the six time points 
measured ( Table 2 ). At the latest time point ( 3 hr ) the ratio ·:ncreased to approximately 2. 
This unexpected result is likely due to analytical errors caused by the ve1]' low fosphenytoin 
concentrations at this time point. As described in the analytical section above, the results of this 
part of the study are in question due to the use of heparin as the anticoaguiant. 

Bioavailability would have been better determined by a comparison of unbound AUCs 
instead of total AU Cs. This is because bioavailability calculations are based on the assumption 
that clearance does not ~iffer in the two treatments that are being compared. In this case, 
fosphenytoin can displar.e phenytoin from plasma proteins thereby increasing fu and total 
phenytoin clearance. Unbound clearance would not have been affected by this phenomenon and 
thus unbound AUC comparison would have been a better measure ofbioavailability. However, 
because fosphenytoin is relatively short-lived in the plasma, and because the fu of phenytoin was 
only increa~ by approximately I% due to fosphenytoin this effect should have had only a very 
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small influence on phenytoin AtJC. The fact that the phenytoin concentration/time profiles were 
very similar for most of the time period also helps suppon the validity of the bioavailability 
conclusions made in this study. 

CONCLUSIONS: Fosphenytoin is completely convened to phenytoin after intravenous 
administration. Fosphenytoin does not significantly distribute into red blood cells. 
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STUDY: Bccduse of similarities, Studies 98205 and 98213 are being reviewed together. 
Evaluation of Pheoytojn l.eye!s After IM and IV ACC-9653 Admjnjstration in J;pjlt:J>tic 
Patients on Chronic Ora] Dilantin Monotherapy (Protocol 9653-86-05 or 982-05). A 5-Day, 
Randomized. Double-blind. Placebo-contro!!eci. Para)!e1-group, Multicemer Clinical Study of 
Tolerance and Safety of Multiple Doses of Intramuscularly Administered Fosphenytoin 
Sodium CCI-982> Substituted for Ora] DHantin jn EpHepsy or Neurosurgery Patients (Protocol 
982-013). 

PROTOCOL NUMBER: 982-05 (9653-86-05), 982-013 

RESEARCH REPORT NUMBER: RR 720-03273, RR 720-03148 

STUDY DESIGN: 98205 -- a 2 arm crossover where a single dose of IM fosphenytoin ( 
150 - 450 mg; n = 38 ) and a single dose of IV fosphenytoin ( 150 - 450 mg; n = 40 ) were 
substituted for oral Dilan tin in 42 epilepsy patients being maintained on oral Dilan tin BID. 
A single trough concentration was taken 12 hrs aftl'r PO Dilantin. Serial sampling was 
perfonned for 12 hours following IM and IV iosphenytoin 

98213 -- 5 doses ( 200 - 500 mg/day ) of IM fosphenytoin ( QD ) were 
substituted for oral Dilantin in epilepsy patients being maintained on oral DHantin QID. 
Serial sampling was perfonned prior to receiving fosphenytoin ( !!ay - I ) and on day 5 
following the final dose of fosphenytoin in 11 patients. 

SUBJECTS: 98205; 
age: 39.1 + 12.0 yrs 
38 white, 5 black 
32 male, 11 female 

98213; analyses perfonned by reviewer en evaluable population (those having 
free concentrations following both PO Di!antin and IM fosphenytoin ): 

age: 38.3 + 9.2 yrs 
6 white males, 3 white females, I black male, l black female 

DOSAGE FORM: see Formulation Summary: Appendix 3 

ASSAY: !.ee Analytical Methods Summary: Appendix 4. Heparin was used as an anti
coagulant in Study 98205. EDTA was used as an anti-coagulant and ultrafiltration performed 
at J7° C in Study 98213. 

SAFETY RESULTS: 98205 -- Parenteral fosphenytoin was well tolerated by the 
patients. No clinically significant changes in blood pressure, heart rate, respiration, 
neurological status ( except nystagmus ), and the electrocardiogram were observed following 
either IM or IV treatment. 

98213 - There were no clinically significant differences in the 
type and frequency of adverse events between fosphenytoin·and Dilantin treatment groups, 
and the adverse event profile was similar to that expected with phenytoin therapy. 



PHARMACOKINETIC REStJLTS: 98205 (single dose fosphenytoin) -- The data 
are presented on the following 3 pages ( Figures 1 and 2; Table 1 ), and show that, as 
expected, IV administration produces a steeper rise in the concentration time profile than IM 
administration. 

98213 ( multiple dose fosphenytoin) -- The data 
are presented on pp/JS- b~ Figure 3, Table 2 ). For at least the first 4 hrs post
administration, free concentrations of phenytoin following IM fosphenytoin administration are 
considerably greater than those following PO Dilantin administration ( Figure 3 ). This is 
consistent with a protein binding interaction: when fosphenytoin is present phenytoin is 
displaced and free phenytoin concentrations increase. It is also coHsistent with the total 
phenytoin data: total phenytoin is more bioavailable from IM fosphenytoin than from PO 
Dilantin ( Figure 3, Table 2 ). This increase in total phenytoin concentrations results in the 
increased free phenytoin concentrations noted. 

Quantitatively, Cmax1,.. ..,..,,.... is 38 % greater, trough,,....,..,... is 16 % greater and 
AUC ,,.........,.,... is 24% greater, fo:~~. ::ng fosphenytoin IM than following Dilantin PO (Table 
2 ). 
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00155 
I 

'l'ABLE~ 

'l'rou9h Phenytcin Levell (µ9/mL) After IV and IM 
Administrations ot ·9653* 

12 Br Poat 
Route Dose (•!ill !! Baseline•• ·9653 Difference 

lV 150 7 12.0(l.6) 12.0(l.5) 0.0(0.7) 
195 l 22.8( - ) 21.3( - ) -l.5( - ) 
240 9 ll.3(1.7) l0.4(1.6) -l.0(0.6) 
300 16 13.9(1.9) 14.3(2.0) 0.4(0.5) 
345 4 12.9(1.1) 16.3(3.3) 3.4(2.6) 
450 l 7.2( - ) 6.0( - ) -l.3( - ) 

IM 150 6 12.7(1.7) 12.1(2.3) -0.7(0.8) 
195 1 22.4( - ) 21.l( - ) -1.3( - ) 
240 9 12.0(1.8) 11.3(1.7) -0.7(0.3) 
300 16 14.7(2.0) 14.7(2.l) 0.0(0.6) 
345 4 14.8(1.6) 15.3(1.9) 0.5(1.l) · 
450 2 13.4(9.7) 15.6(10.1) 2.2(0.5) 

* - All data are expressed as mean (SEM). 

156 

P-Value 

0.946 

0.121 
0.435 
0.279 --
0.420 --
0.056 
0.985 
0.687 
0.129 

** - Concentrations were determined 12 hours after the patient's 
last dose of oral Dilantin•. 
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Sludy 111213 - denNOy- PK dola fn>m 1 -- -

,, .. phenytotn 

n Cmu(ug/ml} 
PO Oitant1n IM fmphenyloin 

200 2.59 2.17 

300 2 1.19 1.74 

s 1.54 1.97 

500 3 129 2 . .S 

200- 500 11 1.51 2.01 
! 0.53 .! 0.67 

IOlal phenytoin 

dose ( mg I day ) n Cmax(uglml) 
PO Oilant•11 1M fosphenytoin 

200 24.4 

300 2 13.6 

400 s 17.9 

500 3 21.9 

20C - 500 11 11.a 
! 5.4 

••• da1aset is lhe same as in the graphs on lhe previous page 
values are means; \illun fOf 200 - 500 are m.an ! S.O. 
Cmax from 1nspectton 0( C vs T data. AUC from tra.,.z:Dids 

31.6 

15.7 

19.7 

21.9 

23.0 

! /.9 

(_q 

·AUC ( ug hr I ml) 
. PO IAlontNI IM, .............. 

31.05 JUI 

24.lM 33.57 

31.61 35.71 

2Ufl 3U7 

29.13 31.14 
! l.C4 ~- 12.42 

AUC(ughr/ml) 
PO Oilanlin M iosphenytoin 

5015.9 541.6 

276.3 283.4 

366.5 371.1 

.s&.1 556.1 

311.1 425.1 
! 121.4 ! 149.0 

. . 

lrough ( ug I ml ) 
POOilanlin 

1.40 

0.99 

1.1• 

0.95 

1.09 
! 0.40 

trough ( ug I ml ) 
PO Oilanhn 

17.5 

10.3 

12.9 

17.2 

14.0 
! 5.0 

I I • ' -

( . -. -

IM fo.phenytoin 

1.73 

1.21 

, .19 

1.27 

1.27 
! 0.61 

IM fosohenytoin 

19.1 

9.9 

I'. 

14.9 
! 6.1 

. 



CONCLUSIONS: Substitutit>rt of equimolar IM fosphenytoin for PO Dilantin results in an 
increase in Cmax,,.._,_ ( 38% ) and AUC:,,..- ( 24%) (study 98213 ). The increase 
in Cmax may be due to differences in closing frequency: PO Dilantin was administered QID 
while IM fosphenytoin was given QD. 

The effect of substitution of IV fosphenytoin for PO Dilantin on Cmax of free 
phenytoin can be inferred. IM administration of fosphenytoin results in higher Cma.x,-,..;. 
than PO administration of phenytoin, and IV administration ;,f fosphenytoin results in higher 
Cmax,...,... than IM administration of fosphenytoin. Thus, IV administration of fosphenytoin 
is likely produces an even greater increase in Cma.x,....,- than does IM administration of 
fosphenytoin. This increase in Cmax,,i....- would be expected to result in an increase in 
Cmax,__. Also, IV administration results in greater Cmax1 ,. ,_than does IM 
administration. Based upon this increased plasma fosphenytoin causing displacemen~ of 
phenytoin protein binding, Cmax,,.. p11ca,_ should be higher following IV administration of 
fosphenytoin than following IM administr.1.tion of fosphenytoin. 



STIJDY: Msolute bjoayai!abjtity o(pbenytojn After intramuscular CI-982 asiminisuation to 
healthy male vo!ynteers 

STIJDY NUMBER: 982-06 (9653-86-06) 

RESEARCH REPORT NUMBER: RR 744-00028 

STIJDY DESIGN: This was a randomized, open-!abei two treatment crossover. Fosphenytoin ( 
250 mg ) was injected into the gluteus maximus muscle over approximately 30 seconds. Six 
volunteers received 2 simultaneous 2.5 mL injections and 6 volunteers received a single 5 mL 
injection. Phenytoin ( 250 mg ) was administered via an iv infusion over 10 minutes. Twenty six 
blood samples were obtained per treatment up to 120 hours after drug infusion. Only total 
fosphenytoin and phenytoin concentrations in the plasma was measured. Treatments were 
separated by two weeks. 

SUBJECTS: Healthy male volunteers (n=l2). 

DOSAGE FORM: See Formulation Summary: Appendix 3. 

ASSAY: See Analytica! Mi,ithods Summary: Appendix 4. Heparin was used as an anti
coagularit in this study. 

SAFETY RESULTS: No major adverse reactions were observed in this study. IM fosphenytoin 
injection caused less injection site irritation than did IV phenytoin injection. 

PHARMACOKINETIC RESULTS: The pharmacokinetic results of this study are summarized 
in Tables I · 3. The plasma concentration time curves for phenytoin and fosphenytoin are given 
in Figures 1 - 3. The elimination half-life for fosphenytoin after IM injection averaged 44 
minutes ( Table I ), considerably longer that the I 5 minute half-life typically observed after IV 
fosphenytoin injection. This result suggests that flip-flop kinetics are occurring (i.e. terminal 
rate reflects absorption from muscle tissue ). The Cmax was higher and the Tmax was earlier 
when the dose was administered by 2 IM injections compared to a single IM injection { Table 3 
). 

The bioavailability of phenytoin from IM fosphenytoin (compared to IV phenytoin) was 
101.2 :!: 1.6% (Table 2 ). Bioavailability was not affected by whether the drug was given as one 
or two injections, although the rate of absorption was faster after two injections ( Table 3 ). Not 
surprisingly, phenytoin Cmax was lower and the Tmax was later after IM fosphenytoin injection 
compared to IV phenytoin infusion ( Table 2, Figure 2 ). 

CONCLUSION: Fosphenytoin is completely converted to phenytoin after intramuscular 
injection. Fosphenyt.oin absorption from muscle is fairly smooth and appears to follow simple 
first order kinetics with a half-life of approximately 0. 75 hr. Thus, IM fosphenytoin appears to 
be a reasonable form of maintenance therapy. 
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STUDY: Conversjon Of CI-9az To Pbcny19jn In Patients Wjth Renal Or Hepatic Disease 
Compared To Healthy Subjects - A Pilot Study 

PROTOCOL NUMBER: 982-07 (9653-87-07) 

RESEARCH REPORT NUMBER: RR 744-00029. 

STUDY DE.SIGN: Single center, open label study with screening, baseline, treatment, and 
poststudy periods. F.ach individual received 250 mg phenytOin equivalents of fo~phenytoin 
IV administered over 30 min. It should be noted that the protocol allowed patients to 
continue ongoing therapy during the trial. Documentation of ongoing therapy was not 
provided. 

SUBJECTS: 15 males were enrolled in the study: 

TABLE 1. 

P1r1•1t1r 
(Unit.) 

Ate (Jura) 

Height (co) 

hight (kg) 

DEMOGRAPHIC SUMMARY 
(MEAN :t SEM) 

Renal (n•5) 

54.5 :t 2.1<•> 

175.3 :t 2.• 

n.1 :t 5.3 

Yplyn\11r CrDup 
Hepatic (n•4) 

51.1 :t s.1<» 

17g_7 :I: 3.5 

19.3 :I: g.2 

Ho1lth7 (nail 

29.2 :t 1.1 

114.2 :I: 2.1 

la.I :1:3.3 

Values in the above table are mean + SEM. Renal failure patients required 
maintenance hcmodialysis, hepatic patients had: 1. liver biopsy evidence of cirrhosis, 2. a 
total serum bilirubin level less than 4 mg%, 3. a creatinine clearance rate of at least 60 ml I 
min. 



DOSAGE FORM: see Focuwlation Summary: Appendix 3 

ASSAY: see Analytical Methods Summary: Appendix 4. Heparin was used as an anti
coagulant in this study. 

PROTOCOL VARIATIONS: Volunteers' #1 ( healthy ) and #2 ( healthy ) plasma sample 
extracts were incorrectly processed and therefore omitted. Volunteer #7 ( renal failure ) was 
also omitted due to "ChromatographiC interferences". Volunteer #13 received only a 24 
minute infusion, and was therefore not included in Cmax or Tmax analyses. Volunteers #4 ( 
hepatic ), #12 ( renal ), #13 ( renal ), and #14 ( renal ), received modified, or no, treatment 
with their ongoing concomitant therapies. 

SAFETY RESULTS: No adverse clinical events were reported and no clinically significant 
changes were observed in the physical examinations, clinical laboratory parameters, clinical 
observations, or electrocardiograms. 

PHARMACOKINETIC AND STATISTICAL METHODS: 

Demographic infonnation was summarized for each group 
(renal, hepatic, and hepatic) separately. Differences among 
groups were assessed using a one-way ANOVA model for 
continuous data a11d Fisher's Exact Text for categorical 
data. 
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Maximum plasma concentration (Cmaxl and the time of the 
maximum plasma concentration (Tmaxl were detennined by 
observation. 

The terminal or •apparent" disposition rate constant (.l.nl 
was calculated as the slope of the tenninal portion of t~e 
log-linear plasma concentration versus time curve. 

The terminal or "apparent" disposition half-life (t112l was 
calculated by: 

ln 2 
t112 .. 

Area under the plasma concentration versus time curve 
(AUCo-l was calculated by the trapezoidal rule up to the 
last quantifiable concentration (AUCo+Tl plus the residual 
area calculated as the ratio of the final plasma 
concentration divided by .l.n. 

Clearance (CL) of ACC-9653 was calculated by: 

Dose 
CL• ---

AUCo-

Volume of distribution (Vdl of ACC-9653 was calculated by: 

CL 

CL and Vd values were standardized to each volunteer's 
weight. 
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Differences in PK parameters among groups was assessed using a one-way ANOV A 
model. Statistical analysis and preparation of the summary tables were carried out using 
SAS. A result was deemed • statistically significant • when the accompanying statistical test 
yielded a two-tailed probability ( p-valuc ) of 0.05 or less. 

PHARMACOKINETIC RESULTS: 

TABLE 3. ·9653 ~\Y'RHACOKINETJC PARAHETERS 
(MEAN :t SD} 

P1rnewr ~lwolac Qr1w1 
(Un• I.a) llon11 (no4) Nopalic (no4) 

c., (>.ig/1L) U.1 :t u.2'•> 25.t :t 11.5 
r •• (•in) Y.1 :I: I .1 <•> 21.7 :t '·' ll,. (hr-•) '·" :t 2.H 11.42 :t 3.H«> 
\ 112 (11n} 1.N :t J. ti (0) 4.11 :t l. 77C•l 
AU:,-. V.Ollr /IL} 17.1 :t ••• 12.t :t 5.1 
AU:,.., (>.igOl\r/llL) 17.1 :t 7 .t 13.1 :t J.7 
Ct (l/hr) 21.1 :t ••• 29.1 :t 11.7 
Ct (l/hr/kt} 1.211 :t t.142 l.U7 :I: 1.147 
v, (l) 4.14 :t 1.u 2.11 :t t.'7 
¥, (l/kg} 1.1121 :t 1.1193 1.11127 :t 1.1111 

(•) - w 

Noait.ltJ (n"4) 

'3.4 :t ••• 
U.I :t 1.4 
4.T! :t 1.11 
1.51 :t 2.71<» 

25.5 :t 1.2 
25.5 :t 1.2 
13.7 :t 3.7 
1.151 :t 1.147 
2.97 :t 1.43 
•. 1144 :I: 1.1177 

<•> A . IJlff . • ro \IC Nlft Incl lhftdlrd .. i1\i•. lla-iC - :1:,.... 1\aM1rd ""il\ilft 
"'-of half·ltw .. wrt 7.44 :t 2.11, I.ft :t t.•, 1M I.II :t 1.Je 1iouwa for \lie 

(o) .... , ._ "°"''·· '"" ho1l\111 "'""*r ·-· -'ifflJ . 
• S19111f1can\ d1f10...,.e fr• hoelU.7 -j-" (I.Ii). (llof1\ic ._ Mo1IU.,) 



TABLE 7. PHENYTOIN PHARMACOKINETIC PARAMETERS 
(HEAN :t 'SD) 

,., ..... , bhmmc Qt1111 
(l.fti i..J .... 1 (na4) Jto,l\ic (n-4) Ho1JU.1 , ... , 

'·· u../11.) 
4.H :t 1.21<•) 4.41 :t 1.!3 4.21 :t f.12 

r •• (llr) f.79 :t •.ncoi f.71 :t f.22 1.11 :t f.51 

~ (hr·•) t.1421 :t •.• w f .1211 :t 1.HH 

··- :t 
•.Hn 

i,,. (llr) 17.1 :t 5.IC>l 211.1 :t 11.2<» 21.3 :t 4.l<'l 

AUC0 - c,_. ... r/ll) H.t :t 17 .4 N.4 :t 11.1 12.2 :t t.4 

AUC.- c,_...,r/ll) 11 . .: :t 41.t 1'4.1 :t 27.2 112.1 :t 21.1 

(•) ... w. 
<» • Arit.i..iic - llMI '"'*"' -.i1ti111. Ho,....ic -· :t -4o 1un41nl ...,.ia\i• 

nl- of htlf·I i- wra 11.1 :t I.I, 21.7 :t 7.t, IM 8.1 :t 4.1 lloura fir Mii ,_1, 
._.,;,, .... ha1u., .. ,_, ,.....,., ,..,_n; .. 1,. I 

lo 9\a\i1\ic1ll7 1i .. ifihll\ 4iffe,_• eora _,,_ 11iei- "lun\eor 1r- C,) I.II). 

---------
9653 PROTEIN BINDING sulfo!ARY 

(HEAN :t SO) 
TABLE 4. 

,.., .. ,., •1153 
i t.ltllouM 
AIMin (t/C.) 

'""i• (I/«.) 

Yt!yn\nr Crpyp 
Jlen1l (nol) Hapl\ic (i,.J) 

12.11 :t 3.J7Co) l.N :t f.24 

'·' :tf.7(•) 2.t :tt.7<» 
1.4 :tf.7 7.1 :ti.I 

H111IU.1 \••J) 

4.17 :t 1.47 

•.• :t f.! 
7 .I :t I.I 

(1) • Si.,ifiuoi 4ifh•-• free halUIJ ...ajocu (p < I.ti). (Renal ,. Ho1JU.7) 
~) • Si.,ific"'' 4itf•'-9 free llMIU.1 ..,.i_ (p <I.ti). ~l\ic,. "''""rJ 



Based on the null hypothesis of no difference between groups, statistical significance ( 
p < 0.05 ) is not reached in nearly all of the comparisons made above. However, the null 
hypothesis of no difference is inappropriate as differences would be expected based upon the 
protein binding nature of the drug and decreases in plasma protein which accompany rer,al 
and hepatic diseases. The study is insufficiently powered ( 3 - 4 in each group ) to allow for 
the chosen statistical approach to be utilized, and trends. are clearly observable. 

CONCLUSIONS: The dose of fosr-henytoin administered in this study was 250 mg 
phenytoin equivalents at 8.33 mg equivalents I min.. The sponsor has labeled the drug for 
administration at doses as large as 20 mg/kg at 150 mg/min. Clearly, the study fails to 
encompass the condition where changes in drug disposition are most easily observed and 
most clinically serious: following high dose and rate of administration. Further, free 
phenytoin concentrations were not measured in the study. Since free phenytoin is the specie 
of interest, and serum protein concentrations are altered by renal and hepatic disease ( as 
would be expected these alterations were seen in the current study -- see Table on p. ), 
this severely limits the ability to interpret the effect of renal and hepatic disease on the 
disposition of free phenytoin from fosphenytoin. 

Fosphenytoir1 clearance is more than 2-fold greater in cirrhosis patients than in healthy 
volunteers, and over 1.5-fold greater in renal failure patients. 
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STUDY: Absolute bjoay4j!ability ofobenytojn from CI-982 jn patients with therapeµtjc serum 
phenytojn conceotratjons usinf Stable jsotope technjqyes 

PROTOCOL NUMBER: 982-10 (9653-87-10) 

RESEARCH REPO.!!T NUMBER: RR 744-00030 

STUDY DESIGN: This was a randol'l'jzed, open-label study in epileptic patients on chronic oral 
phenytoin monutherapy. At separate injection sites in the same arm, each patient received 128 
mg phenytoin equivalents of labelled fosphenytoin and 130 mg phenytoin equivalents of!abelled 
phenytoin simultaneously. Blood was sampled at 25 time points up to 96 hours after drug 
administration. Urine was collected just prior to the infusions and from O - 1, 1 - 24, 24 - 48, 48 
- 72 ..ad 72 - 96 hours. Labelled and unlabeled phenytoin and fosphenytoin concentrations were 
measured in the plasma and urine via satisfactory HPLC and GCIMS methodologies. The 
phenytoin metabolite S-( 4-hydro;cyphenyl)-5-phenylhydantoin (p-HPPH) was also measured in 
the urine. 

SUBJECTS: Epileptic males on chronic oral pbenytoin monotherapy (n=6}. 

DOSAGE FORM: 13C-labelled fosphenytoin disodium (229.4 mg/3.2 mL, Lot #Z88-5-5) and 
"N-uc labelled phenytoi.-: sodium (189.9 mg/3.2 mL. Lot #Z88-5-5). see also Formulation 
Summarv: Appendix 3. 

ASSAY: See Analytical Methods Summary: Appendix 4. Heparin was used as an anti
coagulant in this study. 

SAFETY RESULTS: No major adverse reactions v.er~ c>!>served in this study. 

PHARMACOKINETIC RESULTS: The pharmacokinetic results of this study are summarized 
in Tables I - 2. The pharmacokinetic parhllleters determined in these patients are very consistent 
with what was found in healthy volunteers. The AUC ratio of uC-phenytoin/1'N-uC-phenytoin 
(i.e. AUC of phenytoin from fosphenytoin injection divided by Al.JC of phenytoin from 
phenytoin injection) was 0.96 with a 95% confidence interval for bioequivalence being 0.92 to 
1.00. Thus, the bioavailability offosphenytoin is virtually unity. 

No fosphenytoin was detected in the urine. However, slightly more p~enytoin was 
detected in the urine during the first I hour after fosphenytoin administration compared to after 
phenytoin adrn:nistration ( Table 3 ). This indicates that it is possible that a very small amount 
of fosphenytoin ( approximately I o/o of the dose ) may be exc:eted in the urine, where it is 
subsequently hydrolyzed to phenytoin. The recovery ofp-HPPH was higher aft.,, phenytoin 
administration than after fosphenytoin administration ( Table 2 ), but trus diifert nee was small 
and not statistically significant. 

CONCLUSION: This was an excellent m«1thod for determining bi<>avai!ability because 
intrasubject variability was completely eliminated. An intravenous dose of fospitenytoin was 
virtually completely convened to phenytoin in patients who were on chronic oral phenytoin 
therapy. 
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TABLE 5. PHENYTOIN PHARMACOKTNETIC PARAMETERS IN PATIENTS 
(MEAN :1: SO) 

u ::s 4 

l'o,._ur (Ufti\a) ·MU lnf1&1ion<'l ....... uc,.,.,.,.,uin lnfuaio•"' 

c., (14/IL) 1.21 :I: 1.12 4.U :I: 1.17 
r., (•i•l 14.1 :I: II.I 12.1 :I: 1.1 
).,, (hro·•) 1.1%14 :t I.Hit •.nu :I: ..... 
\ 112 (hro) 21.4 :I: 1.2<•> 21.4 :I: 1.1<•> 
fU:v-r (14ohr /IL) n.2 :I: H.11'1 11.1 :t 11.1 
Ai.C.,... (i4ohr/IL) 15.1 :I: 11.i U.2 :I: 21.1 

11.X/Dou (14ohr /IL"'t) I.Ill :I: 1.14-4 1.111 :I: l.lU 

11.X Ro\io (ACC·MU/l'hen1uin) I.IQ :I: f.Hl 

c_, - Mlai- ,, ... cencen\r1\ien. 
t_, • TiH tf 111i- ,1 .. 1 CIMIC9ftt.r11t.ie11. 
).,, • To,.in1I oli1ino\ion ,.'" -'""'· 
\J.D • T1 .. in1I ol i1ino\ion hllf·I ife. 
AU;,..., • A,.. ,.., \M ,11111 -'ro\ion 1•1 \iH .. ,... ,_ I \I \M \i• ~ \M 111\ 

.,mifiule _,.,; ... 
Al.IC, ... • Ar9I ...... \M ,,_ - .. \ion t'I \iH ..... f- I \I iofioi\J. 
(•) • Ari-ic - ... IUnftN -.;,,;..,, 11a ... ic - :I:,...... 1\oM1N ... ;,,; .... ,_ 

ef hllf·li- wre 21.1 :1: 5.4 oM 24.I :t I.I for \Ill UC,·ACC·llll Ind ....... uc,..,....,i.oin 
iftfui1M, ....,.c\iMl1. 

(1>) • Su\i1\icall1 1i.,ifi- ~iff1,_. M\loea iofuai- of UC,-ACC·llU ·~ 
....... ·.ac_.,-.,uon (, (I.II). 

0.- · 121.2 If,,.. \lie UC,·MX·llU inf11i .. • lJl.11111 '"'\lie ....... uc,.,.,..,uin i•fuai .. 
in urv of \Ill •inl•\ - of .. 1•11• ,....,Uio. 

85 



RR 744·000lO 31 
Clinical Study Rtiport 19653-87-10 

TABLE 3. 9653 PHARMACOKINETIC PARAMETERS IN PATIENTS 
(MEAN t SD) 

h.-wr (Ufti\a) -KU lofuion 

loigh\ (k9) 11.2 :I: 11.i 
c_, u.1111.J II.I :I: 11.1 
r_, C•i•l 11.1 :I: 1.1 
>... (hra·') l.'2 :I: 2.17 
'•12 (•i•) I.II :I: 1. 24<-> 
NJCo-r U.Ollr/11.} 11.I :I: 1.2 
u_ U.Ollr/11.} 12.2 :I: S.4 
Q. (\./hr) 11.4 :I: I.I 
Q. (\./hr /kt} 1.117 :t 1.171 
v, (l) S.11 :t 1.12 
y. (\./kt} 1.012 :t l.'157 

c ... r_, 
>.;; 

~ 
~ 
y 

c:> 
Duo 

- llo1i- ,, __ .. ,,..,; ... 
... Ti .. ef •=i- ,1 .. 1 ClftCen\"\ien. 
• T•Nin1I 11 iaiq\i• "'" c .... Hn\. 
- T1roi111I 1li1i11\ion hllf·lifo. 
- Aroo .,,.r Ule ,,_, ..... ,,.,ioo .. &i11 cum ,,... I w Ule &i11 1f &a. Ju\ 
., .. ,ifiul1 __ ,,.,; .. . 

• Ar11 .... r \llo ,,_ -\n&ioo " &i11 cum fr11 I w iofioi\r. 
- c1 .. ..-
- v.1- ef 4inrillol\ilft. 
• Ari-ic - w ..,.,,. -.;,,;... Mlroonic - t _.- 8"""onl 
•io\ilft ,, hllf·lif1 - ..... :t 2.17 •i-. 

• 211 II '"ts·M:C·Mll 4iMi• .. I&, ..,;,., .. , w 111.1 11 ..,1.-1114 
~-tlU ,,... eci4. 
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STUDY: Eyaluatjon of the Pharmaco!cjnetjc lnteractjon Betwq;n Djpzepam and CI-982 jn 
Heiltby Male volunteers ~ -:- · 

PROTOCOL NUMBER: 982·-0ll (9653-87-11) 

RESEARCH REPORT NUMBER: RR 744-00031. 

STUDY DESIGN: single center, randomized, nonblind, 3-way crossover study in healthy 
males. Solutions were infused undiluted by Harvard Syringe Pumps into indwelling catheters 
in the same arm. Treatments were separated by at least 13 days. The treatments were: 

A) fosphenytoin ( 750 mg at 50 mg I min ) 
B) diazepam ( 10 mg/2 ml/5 min ) followed 10 minutes later by fosphenytoin ( 750 

mgat50mg/min) 
C) diazepam ( 10 mg/2 ml/5 min) 

SUBJECTS: The values below arc approximate -- 11 individuals entered the study, but only 
g -:ompleted the PK portion; the table below is for the 11 who entered. 

var1at.I• tw1 •. ~s1 Ring• 

-'9• {7e1r1) 25 1 % 1 1 21 - 31 

H• 19ot (c•) lit 1 % 2 2 lH.2 - 191 1 

h 19h• (kg) 71.7 % 2.8 Ht·ll9• 

Atl aubsecta ,.,, •••• Cavcaaiaaa and non-.. 0J1r1 

DOSAGE FOR.M: see Fonnulation Summary: Appendix 3 

ASSAY: see Analytical Methods Summary: Appendix 4. Heparin was used as an anti
coagulant in this study. Free fractions were determined by spiking y•ith radiolabel and 
ultracentrifugation was perfonned at room temperature. 

PROTOCOL VARIATICJNS: There were no protocol vmations. There were 2 dropouts. 
Subject #6 withdrew from the study after completing his first treatment ( treatment B -
diazepam and fosphenytoin ) following diagnosis of underlying borderline hypenension by 
hispersonal '>hysician. Subject #10 was withdrawn from the study after participating in 
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treatments B and A ( treatlllfllt B - diazepam and fosphenytoin and treatment A -
fosphenytoin alone ) because of a vasovagal episode during treatment A. Subjects 6 and 10 
were included in the safety analysis but not in PK analysis. 

SAFETY RESULTS: One subject ( #10) experienced a vasovagal syncopal episode which 
included hypotension and bradycardia during Treatment A ( fosphenytoin alone ) . These 
events required discontinuation of the study drug. This subject had previously completed 
treatment B ( diazeparn and fosphenytoin ) without significant effects on heart rate, EC<.: 
intervals, or blood pressure. Follow-up evaluation of this episode, which included a 24 hour 
Holter monitor recording and a more extensive medical history, n:vealed no cardiologic 
abnormalities, but did detail a previously unreported episode of syncope during an 
intravenous drug study. In the investigator's clinical judgement, this episode was therefore 
related to the intravenous infusion but not to fosphenytoin. Ten of the 11 subjects who 
entered the study reported adverse clinical events in at least one treatment phase. These 
events are summarized below. 

Syltjest.'s Ez1!yatjw 

P11n 
Burning 
Itching 

In111ti91ter'• ifalye'ilDI 

Er7U1101 
s •• 111ng 
T1nd1rn1a1 

1 ,,. ) 
1 

I 
I 
2 

j6Sl Sitt 

• ,,., 
I 

l 
1 
3 

8 'f 

p1111p11 Sjtt 

TreatJtnt Ptr1ps! 
01111p1a and 

I 2 
4(-) sc •J 
I • 
I 1 
I . 
I l 



TABLE 10. ADVERSE CLI~U:~L EVENTS SUl+tARY 
(NUMBER OF $UBJECTS REPORTING ADVERSE EVENT) 

:ay1Lta iol'l.:I ==========:rit;ili;W:L::=========== 
Ad•erae i:,ent N5l Alone D111ap1• AICH11 

N...,Der of SwbJ•Ctl 
Report 1n9 an Adw1r1• E••nt. 

M!y1h!1 

Headache 
Inf1ct1on S1t.e Inf l ... ed\•> 
Inject.ion S1W Ra1c\1on(•) 

Caal j U'KM ! a r 

Br1d1c1rd11 
N7potena 1 on 

AyLcti•W,\ttel 

C.Snl ........ $ .... 

D1111nu1 
Plreatha111 
SauoilllCI 
SlurreO SPMCh 

Pruriwa 

$5ssj1I free 

6 

• • 
2 

1 
2 

• 

• 
2 

2 

I 

(!1111) 

II 

2 

• 
1 

• 
• 
• • 
• 
• • 

• 
• 
• 
• 

1>1111pu 1Ad H53 
UP\\\ 

7 

2 

2 
I 

• 
• 
• • 

• 
2 

• 2 

• • 
2 

2 

• 
• 

(1) - i,;octorn siw n1l .. \i- .,.; .. Ule firs\ 72 illllra ,,. ''"'Md i• hlolo II. 
(b) - St.J\11t1c1Jl1 1i .. ific111t 4iff•..._• M.....,. tr•t'-IMU 4li1..,.. ,,,... P ·111111 ... llMI 

d1CltpM llOM .. dial.,_ IM• llU 
Al I adwerM awenLa .. ,. CMAi•rM ~ lAe t11w.,\191\.or \ii M pua1bl1 or 'rHlltlJ rala\ed \o t.AI 
tr11t.aan\(1) 
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PHARMACOKINETIC anq ~"I;ATISTICAL METHODS: ---
f'll.1r111acok10et1c ~~rometers o ·9653. phenytoin. and 
.1iazep~m were u1culdtea using non-compartmental methoas. 
C11c:ul11ti0n;. were r,~;.ed on the free acid form of ACC-9653 
~11.:l the c.c id form of phenytoi n. 

Maximum plasma concentration (Cmaxl and the time of maximum 
plasma concentration (Tmaxl were determined by observation. 

The termi na 1 or "apparent" disposition rate constant (Anl 
was calculated as the slope of the terminal portion of the 
log-linear concentration versus time curve. 

The terminal or •apparent" disposition half-life (t112l was . 
ca lcu 1 ated by: 

Jn 2 

Are~ under the plasma concentration versus time curve 
(AUCa-l was calculated by the trapezoidal rule 'up to the 
last quantifiable concentration (AUC~~) plus the residual 
area calculated dS the ratio of the final plasma 
concentration divid~d by An· ---
Clearance (CL) was calculated by: 

Dose 
Cl~----

AUCo-

Volume of distribution (Vdl was calculated by: 

CL 

CL and vd val11es were standardized to each subject's weight. ---------
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PHARMACOKINETIC RESULTS: ... .. . 

total foa - foa and foa • dlazepam 

20 ,, 
IO -.-.- eo 

........... _ 
--fol • dl&1epam I 

"" 120 

TABLE 3. -%53 PHARMACuH,.ETIC PARAMETERS 
IN HEALTHY ~USJErT~ 
(MEAN : ~UI 

Jr11t11pt ---
11c.1r 1un1c.s) ·9653 ...... 01111., ... , ·116Sl 

• 
c ••. (1<11/ll) 135 z 21 )'6 : ll 
T.,.. {111\} l, .• z 1.2 Ii l z l.l 
}.~ (hra • 1) 2.15 z I.II 2.92 z • 75 
i 1,. 2 (11n) 15.2 :t J.1<•> 15.1 :t J,,,.; 
AUC,...,. (1<11•nr/1L) U.l : II.I 57.1 z I I 
AUC0.,. (1<11..,r/ll) 5'. 2 z 11.• U.l z 1.7 
CL (l./hr) 19.1 :t ••• 17 .7 z l.2 
a. (L/hr /kg) 1.2•1 :t I.Ht I ~21 ., 1.w 
v, (L) .... :t l.51 1.27 ., l 51 
V, (L/kt) I.NU >: l.lloll ...... ., 11111 

• Ml1••ua plaui concuc.ra\ien. c ... 
T.,, - T11• of 11•t•• 1tlua1 cMCM\n\ien r1l1~iw1 Ml \M 1\1r\ 1f \ht 

1nf ... 1eA 

~ TeNtnal •I••'"•'-'• nu conat.an.\ 

CL 

T1r11n1I •l11in1\1on h1lf·lif1 
Ar11 l#fl41r Ute ,1 .. 1 concen&n\.ie11 '' C.1M c•r•• fr• UM: atarc. of t. 
t.o i.t'li• t.111 of U.. lut. qu1111\1ti•I• ClftCMt.rat.ion 
Ar11 ..,.., UM ,1 ... 1 cenca11,nt.1 .. •• \1M cun• fr• U.. 1&.ar• ;! 
1nfua1on t.o 1nf in1\1 
Cl11ranc1. 

'4 4 Yolae of d.1at.ritM&t.uaA. 
(1) Ar1UW•t1c Han aM 1\INartl Hw••'i•. NarMftiC .... s,..... 1UN11r~ 
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·tlU 

dew11\>1on waluea of h1lf·I i•u wr1 1 ... 1 :t J.2 aM 1 ... J s J.I •••Ma fer IM 

ieu v11-•t anti ta. 4iu- 11 NU tu=•-=::t:.., ..'.':"~·~·~·t~i:=•:•!!''~·--------====-=----------

9Z 



...... 

lolal phny - loo ond loa • dluoparn 

"L 
"~ 

----
-·-- • ftU...,n 

of~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0 10 20 "' .. .. 10 

.. ,. ..... s 

TABLE 5. PHENYTOIN PHARHALOKINETIC PARAMETERS 
IN HEALTH\ SUBJECTS 
!MEAN : j[;) 

Parl8ettr (units) HU Alono 011J•1t• Md 

c ... (~/Ill) 11.4 :t 2. 4 15.4 " r ... (••n) 41.2 :t II. t H.1 :t 
>-. (hra"') •••• :t t.N71 t.tl77 :t 
'112 (hra) 2t. I :t ... (•) lt.5 :t 
AU:o-r Jt2 :t .. lt4 :t 
.w:....,. •27 :t t2 417 :t 

- Wa11ewai ell •aaa CMClft\ret.ion. 

.. 

·NU 

2 .I 
37.4 
t.tttS 
5. I<» 

15 

" 

tmes .. rUtNe to the start Of cUnpam lnf'ullon; 
foephenJ"°"' Wiii started .. 0.25 hours 

TIM o' 4••••Ym pl1u1 CMCen,l'lt.iM relit.••• t.e U.. •'•rt of U.. NU i111fU110ft 

Q. 

v, 
(1) 

- T1t"81na1 •l1e1n1\iM raw c_.\.111\. 
- Tera1n1I 1li•1ftl&.i9" hllf•lif1. 
- Ar11 unotr &.M ,, ... cMC•&nt.i•' "' \iM cur•• free t.M awn. o llU inftttiOll t.o tM 

"'" ef "" ............. tiMI• CMC•t.n\1 .. . 
- Are• oder \.ht 1tl1M1 a.111\n&.i• 11 t.1M CUrff f,... U. •&art tf 1 •llU 1afuaiN u 

inf 1n1\7. 
- Cle1r1nc1 
- Volu.1 of ii1tribu\1en. 
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P1r1aeLer Tr••s.••ns. ., D1111p• Alone D1111paa 11 
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CONCLUSIONS: Co-administartion of fosphenytoin ( 7SO mg/IS ml/IS min ) and diazepam 
( lO mg/2 ml/S min ) resurre8 in plasma concentrations of fosphenytoin, phenytoin and 
diazepam similar to those observed when fosphenytoin or diazepam was administered alone. 
It should be noted that fosphenytoin was not administered at maximum dose and rate. The 
sponsor's labeling of fosphenytoin allows for doses up to 20 mg/lcg ( in a 70 kg individual 
this equals 1400 mg) and rates up to 22S mg/min. Th~ the dose was approximately SO% 
of the labeled maximum, and the rate was approximately 2S% of the labeled maximum. 
Similarly, Valium was not administered at maximum dose. The dose of Valium used was 
only 33% of the labeled maximum of 30 mg. Thus, conditions which have the greatest 
potential for pharmacokinetic and pharmacodynamic interaction ( maximum dose and rate of 
both co-administered agents ) were not addressed in the study. 
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SYNOPSIS 

I.lllf A RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED, RISING SINGLE
DOSE STUDY OF THE PHARMACOKINETIC AND TOLERANCE PROFILES OF INTRAVENOUS 
FOSPHENYTOIN SODIUM (Cl-982) ADHINISTEREO AT·FIVE DIFFERENT INFUSION 
RATES TO HEALTHY SUBJECTS (PROTOCOL 982-18-0) 

INVESTIGATOR 

Cl-982 ANALYSTCSl 

OBJECTIVES To evaluate, in healthy subjects, the safety and tolerance 
of escalating sitgle doses and infusion rates of intravenously (IV) 
administered fosphenytoin compared with placebo and to define the 
pharmacokinetics of fosphenytoin and phenytoin following IV 
administration of fosphenytoin 

STUDY DESIGN Randomized, double-blind, placebo-controlled, four-way 
crossover, tolerance, and pharmacokinetic study 

DRUG TREATMENT Following a randomized, four-way crossover design, 
subjects received single IV infusion doses of fosphenytoin or placebo at 
weekly intervals. The first group received 600, 1200, or 1800 mg 
fosphenytoin at 18.75 mg/min (equivalent to 400, 800, or 1200 mg 
phenytoin at 12.5 mg phenytoin/min) or placebo (identical volume of 
fosphenytoin vehicle administered at the same rate as the fosphenytoin 
dose). Subsequent groups received these saMe doses of fosphenytoin and 
placebo at 37.5, 75, 150, and 225 mg/min (equivalent to 25, 50, 100, and 
150 mg phenytoin/min). Escalation to the next dose and/or infusion rate 
was contingent on the absence of significant adverse events at the 
previous dose or rate. 

SUBJECT CHABACTERlSTICS ANQ QISPOSITIQH Twenty-one men ranging in age 
from 19 to 43 years (mean 26) participated in this study. Twenty 
subjects completed the study; one subject withdrew &or personal reasons. 

PHARMACOKINEJltS In general, fosphenytoin plasma concentration~ 
increased with dose and infusion rate, peaked near the end of infusion, 
ar.d then declined with a t\ of approximattly 0.25 hour. Mean 
fosphenytoin AUC(O- ... ) values decreased with increasing infusion rate; 
but increased with increasing dose, although less than expected for a 
drug with linear pharmacoklnetlcs. Wh~n higher plasma fosphenytoin 
concentrations were achieved with increasing infusion rates, more free 
fosphenytoin was available for conversion to phenytoin resulting in 
increased fosphenytoin clearance. 

Tota 1 phenytoin and free phenytoin pharmacoki net ics were nonlinear. 
Mean total phenytoin Cmax ~alues increased \p~roximately proportionally 
with incr~ases in dose. AUC(O- ... ) values increased at a greater than 
dose-prr.portional rate; mean AUC(O-•' values increased approximately 
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five-fold over the three-fold rar.ge of doses. While Cmax and AUC(O-..,) 
values increased with dose, they did not increase with increased rates, 
providing further evidence that extent of fosphenytoin conversion to 
phenytoin was independent of fosphenytoi.n infusion rate. 

Fosphenytoin displaced phenytoin from plasma protein binding sites 
resulting in a phenytoin free fraction that increased with increasing 
plasma fosphenytoin concentration. Displacement was greatest after 
administration of 1200 mg phenytoin equivalents fosphenytoin, leading to 
increases in phenytoin free fraction during the first hour after the 
start of infusion. During the first hour, similar free phenytoin Cmax 
values were seen at 12.E to 50 mg phenytoin equivalents/min, whereas 
higher free phenytoin Cmax values temporally related to increased free 
fraction were observed at 100 and 150 mg :,he:>'ttoin equivalents/min. 
Following conversion of fosphenytoin to phu~ytoin, free fraction, and 
plasma free phenytoin concentrations were siMilar at all infusion rates. 
Free phenytoin concentration-time profiles after administration of 
1200 mg phenytoin equivalents fosphenytoin at the two highest rates were 
similar to those historically observed following administration of 
1200 mg Dilantin at 50 mg/min. 

Renal phenytoin and free phenytoin clearances were independent of dose 
and infusion rate. Less than 2% of dose was excreted as phenytoin. 
Thus, transient alterations in phenytoin free fraction did not affect 
overall renal clearance of phenytoin. 

SAF[;TY Over a 11, 8~ of fosphenytoi n-treated subjects experien;. ·:.~ 
adverse bYents compared with 15% of placebo-treated subjects. A total 
of 220 adverse events occurred following fosphenytoin treatment; most 
were mild in intensity and attributed to drug treatment. In general, 
the overall frequency of adverse events increased with fosphenytoin 
dose. Dizziness was the most frequently reported adverse event 
following fosphenytoin treatment. Other than mild nystagmus observed at 
800 and 1200 mg phenytoin equi\•alents of fosphenytoin, significant drug
related changes were not observed in clinical laboratory parameters, 
physical examinations, electrocardiograms, or vital signs. No deaths or 
serious adverse events occurred, and no subject withdrew from the study 
as the result of an adverse event. 

CONCLUSIONS Fosphenytoin is rapidly converted to phenytoin; rate and 
extent of conversion ~re independent of dose and infusion rate. 
Fosphenytoin displaces phenytoin from plasma proteins, especially at 
infusion rates greater than SO mg phenytoin equivalents/min, resulting 
:n increased free phenytoin c:oncentrations for approximately 30 minutes 
after the start of infusion. Free phenytoin concentration-time profiles 
similar to those of parenteral phenytoin can be obtained by selecting 
the proper fosphenytoin infusion rate. Fosphenytoin doses of 400 to 
1200 mg phenytoin equivalents at r~tes of 25 to 150 mg phenytoin 
equivalents/min are acceptably tolerated. However, as with Dilantin and 
other antiepileptic drugs, dizziness, paresthesia, and other CNS 
symptoms are often reported. 
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TABLE A. Mean (%RSD) Fosphenytoin Phannacokinc1ic Parameters Following Intravenous Administration of 
400-, 800-, and 1200-mg Phcnytoin &juivalcnt Doses of Fosphenytoin to Healihy Subjects (982-016) 

Dose Rate Cmax I max I 'Ii AUC(O-oo) CL 
(mg) (mg/min) (pg/ml) (hr) (hr) (J'S· hr/ml) (mUmin) Vd., .. (l) 

400 12.S si.i (10.6) 0.53 (0.00) 0.17 (17.57) 30.1 (13.2) 1?$•i (t2.9) .,~2 (l0.S9) 
400 2S 13.$ (6.7) 0.27 (0.00) 0.24 ( IS.31) ll.I ( 10.0) #Q,6 (10. 7) ~.90 (13.0t) 
400 so n.q (7.4) 0.14 (6.42) 0.20 (15.41) 29.1 ( 14.4) U~ll (IS.0) '•1? (6.48) 

400 100 ~~ (6.S) 0.10 (30.00) 0.2S (25.77) 30,3 (7.1) ti#, . (7.0) f .# (l0.82) 
400 ISO 

~·· 
(24. 7) 0.11 (21.20) 0.26 (21.59) ie.s (22.3) m;1 (21.1) f;J~ (9.33) 

800 12.s ltl (9.2) 1.03 (11.32) 0.23 (12.68) f$.? (I0.3) - (9.7) I.ff >,,.-.· ..• , ... 
(10.03) 

800 2S u;a (3.3) 0.53 (0.00) 0.2S (24.06) $,'Hi (3.4) mi! (3.S) 1~ (22.32) . 

800 so ..• ;, (6.7) 0.27 (1.62) 0.23 (7.37) ••. 1 (10.8) f!I~ (10.0) t:n (13.36) 
. • .· ...... : ·~;· .,~ .. 

800 100 '*" (12.2) 0.13 (0.00) 0.26 (28.6S) , •.• (23.0) •• =·y (22. 7) l:14 (10.62) 

800 ISO ™' .. (14.8) 0.12 (27.14) 0.27 (10.84) •s.• (12.7) •• '.·., 
(I l. l) ·~ (14.l4) 

1200 12.S t'f·3 (14.6) I.IS (22.S9) 0.24 (11.79) 111.9 (IS.6) ~~· (ll.9) f,r( (21.12) 

1200 2S U.1 (7.3) 0.77 (7.33) 0.29 (30.64) 16.1 (7.0) ·~,$ (6.6) a.s~ (31.29) 

1200 so U6.!) (11.S) 0.38 (I l.SS) 0.2) (20.94) 6).3 (12.8) m.~ (12.S) 

··~ 
(16.75) 

1200 100 tff~t (10.S) 0.20 (0.00) 0.S7 (76.88) ~.2 (13.9) W4, (14.9) •14~ (74.27) 

1200 ISO J§f;I (10.1) 0.13 (0.00) 0.25 (S.98) $)., (11.6) Mil (10.9) •9·#$ ~8.91) 

Rate .. 'Rate or fo1pbeoytoin infusion. 
Cmax • · Maximum observed plasma IOspbeoytoin coocenlnolion. 
lmu • Timo of Cmax, times differ rrom end or inli11ion. 
l'h "' Elimination hair-lire. 
AU~O-ao) • Ara under the pluma conce1il1111ion-lime curve rrom time zero lo infinile lime. 
CL • Syllemic p'- cleanoce. 
1'RSD • Relalive atanclard deviation ( 1' of mean· value). 
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TABLBB. Mean (11'RSD) Pbcnytoin fhmnacokintdc Parameten Following 

IDtraveaoas Administration of 400-, 800-, and 1200-mg Pbenytoin 
Bquivaleot Doses of Fosphenyloin to Healthy Subjects (982~18) 

Doeo ;we emu - t'h AUC(o-oo) 
(ma) (Jiii/miil) (J&almL) (hr) (hr) (n•hrlmL) 
<400 u.5 8 • .50 (10.65) 0.!14 (9.79) 14.3 (4!1.!1) 179..5 (41.1) 
<400 :ZS 8."6 (6.!16) 1.01 (59.83) 12.0 (11.1) 164.3 (20.7) 
<400 so I.ISi (9.47) 1.11 (5'2.$9) 13.0 ('26..5) 179.0 (211.SI) 
<400 100 8.23 (10.63) 1.21 (41.27) 14;0 (11.7) 177.1 (20.2) 
<400 150 I.ISi (8.50) 0.13 (55.!14) 12.SI (11.7) 177.8 (14.7) 
IOO 12..S 15 • .U (12.19) 1.61 (20.41) 11.6 (!6 • .5) 4!111.0 (37.8) 
IOO :ZS 16..S.S (11.12) 1..32 (41.41) 12.6 (I.I) 475.0 (ISl.2) 
800 .so 15.60 (13.72) 1.21 (37.33) 16..S (37.1) 415.1 (21.SI) 
IOO 100 19.23 (23..51) 0.61 (84.45) 19.7 (16.0) 461.3 (24.7) 
800 150 16.:ZS (6.66) 1.12 (34..55) 17.0 (21.1) 5CXJ..S (11.4) 

1200 12.:S 23.41 (12.63) 2.50 (0.00) 25.1 (80.9) 1030.0 (42.B) 
1200 25 24.00 (9.19) 1.62 ('26.33) 17.6 -(21.6) 920.0 (20.2) 
1200 .so 22..53 (4.IS) 1.11 (11.55) 21.I (40 • .5) 914.3 (29.2) 
1200 100 22.11 (6 • .55) 1.22 (40.19) 28.SI (23.6) 940.8 (21.2) 
1200 150 24.35 (7.67) 1.01 (.50.65) 21.7 (35.3) 863.3 •(25.8) 

Rate ..• !Ute of fospbmytoia infusion. 
Cmax -Mui!D!na Dburved plmm pbmytoiD COllClllllrllio 
llmX - Tune of Csllu, tiDm differ froal md of bifllaicm. 
t'h - Eimjnttioa balf-lifa. 
AUC(o-oo) • Ana 1lllder tbe pi- caa•s,.d~ curw from time Zlll'O to lllfiDi.to time. 
\l&RSD -

0,\CLC\GEN\SIC940S9A.Ol!N 
03/14194 (11 :20) 

Reluive ldllldanl deYiallcm ('5 of - value). 
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TABLB C. Mean (SRSD) Pree Pbenytoin Pbumacokinetic Puametm Following 
Intnveaous Administration of 400-, 800-, and 1200-mg Pbenytoin 
Equivalent Doses of Fospbeaytoin to R-lthy Subjects (982-018) 

Dme RD Cma tamK AUC(O-ddc) 
(ms) (ms/mill) (plfmL) (hr) (Ilg• br/mL) 
400 12.$ 0.000 0.00 
400 2S 0.334 (51.6) 0.47 (T1 .'1) 0.21 (173.2) 
400 so 0.422 (25.'1) 0.69 (70.1) 1.75 (39.4) 
400 100 0.460 (26.6) 0.43 (41..5) 1.51 (30.4) 
400 1SO 0.319 ('23.4) 1.11 (92.1) 1.10 (14.1) 

IOO 12.5 0.645 (20.9) 1.41 (22.2) 3.:23 (63.0) 
IOO :ZS o.uo (24.7) 0.11 (42.:2) 8.45 (41.4) 
IOO so 0.137 (20.3) 0.43 (.0.6) 10.11 (30.1) 
IOO 100 1.537 (47.3) 0.34 (59.1) 11.54 (41.4) 
IOO lSO 0.714 (16.6) 0.61 (24.0). 13.50 (25.1) 

1200 12.5 1.083 (13..5) 1.78 (2.4) 18.61 (52.8) 

1200 :ZS 1.200 (10.3) 1.14 (69.2T 26.25 (8.1) 

1200 50 1.313 (15.6) 0.63 (34.0) 22.90 (26.7) 

1200 100 2.083 (55.:2) 0.-40 (52. 7) 24.55 (14.8) 

1200 lSO 1.120 (7.59) 0.22 (27.7) 27.73 (39.4) 

!We • . Rate of folpbmytoiD infusion. 
Cmax • Mnimum obeemd p1- free pbeaytoiD .....,,,.,inlicm. 
tmax - Tune of Cmax, ~ differ from ead of illfuaicm. 
AUC(O-"") • Alm llllder Ille p1- can caintion.timo CIU'Yll from limo mo to limo of 1be lut 

defectablo -=ilraliaa. 
~RSD .. Relalive llalldanl de¥Wioa C" of- value). 

= lndelenainable. 
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TABLB D. Mean (SRSD) Urinary Pharmacokinetic Parameters Following 

Intravenous Administradon of 400-, 800-, and 1200-mg Phcnytoin 
Equivalent Doses of Fospheaytoin to Realthy Subjects (982-018) 

0- Rate 
...., .. 

(Ill&) (ma/lllia) M "'"" Cir 
(ml) (ll) (...Ulllia) 

400 12.S 3.14 (13.1) O.IS (13.I) 0.346 (41.2) 
400 25 U4 (313) 0.77 (31.f) 0.2U (20.1) 
400 so 3.22 (lt.f) 0.11 (It.II) om (Z7.I) 

400 100 3.77 (II.I) 1.113 (11.1) 0.377 (24.2) 

400 ISO 3.24 (16.7) o.a (16.7) 0.3211 (21.7) 

800 12.5 1.13 (23.1) 1.20 (23.1) 0.365 (41.2) 
800 25 1.12 (23.1) 1.10 (23.1) 0.290 CS.25> 
800 so 9.40 (41.2) 1.21 (41.2) 0.340 ez2.7) 
IOO 100 t.n (17.1) 1.29 (17.1) 0.315 (Z7.4) 

800 ISO 1.19 (17.0) 1.21 (17.G) 0.320 (31.f) 

1200 12.5 17.6'J (36.0) 1.60 (36.0) 0.371 (62.4) 

1200 25 16.13 (2t.5) 1.46 (2t.5) 0.301 (12.S) 

1200 so 11.69 (30.t) 1.69 (30.11) 0.3711 (1.60) 

1200 100 16. 77 (II.II) 1.52 (11.t) 0.350 (20.6) 

1200 I.SO 16.42 (33.4) 1.49 (33.4) 0.362 (44.1) ,.. - "-* ............... 
AoS -·A.ma.- nc:rdfld ill un. •1fr1111 ~ u ,.._.of dolo.. 
Cl..r - llemlci--. 
SRSD -~ llladlrd d9oiali0d (ll of w v.iu.). 
)II - Numllor of<' 11 .. 11 ... (lllbjocll); 

O:\CLC\Ol!N\SK94059A.GEJll 
03/14194 (11:20) 102. 

p-HPPH 
M "-" (Ill&) (S) 

11.6 (25.7) 19.3 (25.7) 
49.5 (25.4) 11.7 (25.4) 
Sl.4 (11.2) 13.1 (11.2) 
61.2 (23.2) 14.5 (23.2) 
64.2 (21.1) IS.2 (21.1) 

141.6 (15.3) 16.1 (15.3) 
121.6 (11.7) U.2 (11.7) 
107.0 (26.1) 12.7 (26.1) 
us.a (11.5) 13.7 (11.5) 
133.0 (34.3) IS.I (34.3) 

211.1 (111.5) 17.2 (111.5) 
172.11 (3.55) 13.7 (3.55) 
179.7 (22.4) 14.2 (22.4) 

174.2 (21.6) 13.1 (21.6) 
l!IO.O (311.5) IS.O (JS.II) 
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FIGURE A. Relationship Between Mean Fosphenytoin Cmax '.'alues, Dose, and 
Infusion Rate Following Intravenous Administration of Fosphenytoin to 
Healthy Subjects (Protocol 982-18) 

Fospbenytoin doo. IDd infuioa ni.. are "Ji~ u pbenytoin oqllivaleall. 
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FIGURE B. Relationship Between Mean Fosphenytoin tmax Values, Dose, and 
Infusion Rate Following Intravenous Administration of Fospbenytoin to 
Healthy Subjects (Protocol 982-18) 

Fospbenytoin do- and infulioa - are expreaed 11 pbcaytoin equi.valenll. 
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FIGURE C. Relationship Betfieen Fospbenytoin Mean Half-Life Values, Dose, and 
Infusion Rate Following Intravenous Administration of Fospbenytoin to 
Healthy Subjects (Protocol S.82-18) 

Fospbeaytoi.o do- and infulioa ralel ue citpreaed u pbeDycoiD oquivaleaia. 
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FIGURED. Relationship Between Fosphenytoin Mean AUC(O-oo) Values, Dose, 
and Infusion Rate Following Intravenous Administration of 
Fosphenytoin to Healthy Subjects (Protocol 982-18) 

Fosphonytoin doses and infusion rates are expreued u pbeaytoin eqllivalaita. 

O:ICLCIGEN\SK94059B.GEN 
11/09195 (12:52) i 0 b 



RR 744-00086 

. . 
•• 

00095 

800 Doae 

1L..:==:::z..:::::::::::e===:Z..'.==:::::2~'-=-::-''=:'/400 <mm 
12.5 25 50 100 150 

Infusion Rate (mg/min) 

FIGURE E. Relationship Between Mean Fospbenytoin Clearance Values. Dose, and 
Infusion Rate Following Intravenous Administration of Fosphenytoin to 
Healthy Subjects (Protocol 982· 18) 

Fosphenytoin dosa and infllliOD raiea ae expreued u pbea)'Ulin oquivalenta. 
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FIGURE F. RelatiOllSbip Between Mean Total Phenytoin CmlX Value&, Dose, and 
lllfusion Rate Following Intravenous AdminisaatioD. of Pospbcnyt.Oin to 
Healthy Subjec:u (Protocol 982·18) 
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FIGURE G. Individual Phenytoin tmax Values (hour postinfusion) Following 
Intravenous AdmmistratioD of Fosphenytoin to Bmilthy Subjects 
(Protoc:ol 982-18) 

105 

FospbenytaiD dow Uld iDft1riaa ,.,. sm Gijii ~ u pbmytaiD eqaiwleala. Horimltal line depicts 
mean value. Value. iuy bave bua lbil.<d .Usbdy aloas the ordimle to r..:mwe IW>lalion. 
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FIGURE H. Relationship Between Mean Phenytoin Half-IJfe.Values, Dose, and 
Infusion Rue Following Intzaveoous Administration of Pospbcnytoin to 
Healthy Subjects (Pn>tocol 982-i8) 

Fospbeaytoin doses aad ir.fusicm - are neqim. med1 u pbmytoiD eqaivallllllL 
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FIGURE I. Relationship Between Mean Pbenytoin AUC(O-oo) Values, Dose, and 
lDfusioD Rate Following JDtraveaous AdministRtion of Fosphenytoin to 
Healthy Subjects (Protoc:ol 982-18} 
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FIGURE j, Relationship Between Mean Free Pbenytoin Cmax Values, Dose, aJJd 
Infusion Rate Following Inttavenous AdmiDistrati.on of Posphen,min to 
Healthy Subjects (Protocol 982-18} 
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FIGURB K. Individual Fteo Pbenyt0in tmax Values (hour postiDfusion) Following 
Intravenous Administration of Fosphenytoin to Healthy Subjects 
(Protocol 982-18) 
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FIGURE L Relationship Between Mean Free Pbenytoin AUC(O-ddc) Values, Dose, 
and Infusion Rate Following Intravenous AdmDiistradoD of 
Fosphenytoin to Healthy Subjects (Protocol 982-18) 
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FIGURE 0. Mean Plasma FosphenytOin Concentration Versus Nominal Sample 
Collection Tune Profiles Following Intravenous Administration of 
1200 mg FosphenytOin at 12.5 (O), 25 (•), 50 (•), 100 ( .. ), and 
150 (O) mg/min to Healthy Subjects (Protocol 982-18) 

Fospheny1oin doses qd illflllion ra1.e1 are expr t nd u phenytoill equivalents. Value1 depicted are 
mean of Period 4 dal&. 
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concenuadons generally occurred 30 minutes eadict than mmma! total phenytoin 
conccotralions. Despite disp.lacement of pheaytoin from plapn• pmte:i.Ds by 
fnsphenytoin, mean free phcmytoin Cmax following fosphmytoin was 35 $ less than 
that following Dilantin, with the mean marimum dift'ereace occuning at the eud of 
infusion. After conversion of fosphenytoin to phenytoin, plasma free phenytoin 
c:oncmtrations we.re similar for both treatmalts. At a molar cquivalmt dose and ratt 
compacable tire and total phenytoiu AUC values were oblahled following 

... fosphenytoiD and Dilantin. 

SAFETY The natu1'e and fnquency of advenc events we.re similar after fosphen)'tl 
and Dilantin; few adverse events occurred following placebo. The most frequent 
adverse events aft.er fosphenytoin and Dil•DtiJI ~ nystagmus, djzzjMSs, and 
tinnitus. Injection-site symproms (inflammation, pain, and reaction) we.re experieni 
by fewer subjects following fosphenytoin (33$) than DiJantin (839'). There were 
dealhs, serious advene events, or withdrawals due to advene events. No clinicaD 
significant changes occum:d in clinical laboratoiy parameters, physical examjnario 
electrocanliognuns, or vital signs. -

CONCLUSIONS A molar equivaleot dose of fosphenytoiD administeml at SO m 
pbcnytoin equivalents/min produces comparable free and total phenytoin AUC .a 
but slightly lower and delayed maximal free and total pheaytoin conc:enuatioDs 
compatt.d to those following DilaDtin admjnistefled at the same rate-. Tbe simHar 
tire and total pbenytoin concc:ntration-time profiles suggests that fo_sphcmytoin 
admini.stemi at SO mg phenytoin equivalents/min should be a suitable SU!lstitute 
DilantiD in nonemergent situatioas. Fosphenytoin bu a similar safety profile to 
DilantiD, but is better tolerated at the injec:tioa site. 
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SYNOPSJ!I 

TITLE A RANDOMJZF!>, DOUBLB-BllND, PLACEBO- AND Dn..ANTINO
CONTROIJ..ED, SINGLB-DOSE STIJDY OF THE l>HARMACOEINE.11C AND 
TOLERANCE PROFILBS OF INTRA VBNOUS FOSPBENYTOIN SODIUM 
(CI-982) IN HEALTHY SUBJECTS (PROTOCOL 982-2G-0) 

INVESTIGATOR 

CI-982 ANALYST 

003 

OBJECTIVE To com~ the phannacoldnetics of phenytoin following single doaes 
of intravenously administeted fosphenytoin and Dilantin, and to evaluate the safety 
and tolerance of fosphenytoin compued with Dilantin and p~ 

STIJDY DESIGN Randomized, double-bliod, 3-way crossover, pbarmacokinetic and 
tolerance study 

DRUG TREATMENT :Each subject received 1200 mg DUanrin, a molar equivalent 
dose of fosphenytoin, and placebo; each trealment was sepuated by a I-week washout 
period. Fosphenytoin was infused at 50 mg phenytoin equivalentslmin (TS mg/min) 
and Dilantin at 50 mg/min. Subjects were randomized so that only 2 subjects 
received each treatment (fospbenytoin, Dilantin, or placebo) at any one time. 

SUBJECT CBARACTERISTICS AND DISPOSmON Twelve men ranging in age 
. from 18 to 49 years (median 30) entered and completed this study. 

PBARMACO.KlNE'llCS .Plasma fospbenytoin, total pbenytoin, and free pbenytoin 
CODCelltruions were quantified using validated liquid chromatographic methods. 
Plasma fosphenytoin concentrations peaked near the end of the infusion. Rapid 
conversion of fospbeaytoin to pbenytoin was apparent from the short mean 
fospbenytoin tV.Z value of 0.29 hour. For the first hour after dOsing, total pbenytoin 
concentntimb iollowillg fosphenytoin were lower than those following Dilllltin due to 
the time required· for conversion of fospbenytoin to pbenytoin. Mean pbenytoin 
A UC(o-tJdc) values followillg fospbenytoin were approximately 8 S less than those 
following Dilantin, probably due to differmces in total phenytoin c:learance as a 
function of plasma pbenytoin concentration rather than incomplete conversion of 
fospbenytoio to pbenytoin. 

Free pbenytoin tmax values after fospbenytoin were influenced by fospbenytoio 
displac:c:oent of pbenytoin from plasma proteins as maximal free phenytoin 

O:ICLC\RR\74400143.A 118 
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TABLE S. Mrm ('16RSD) Fi:ee Phcnytoin Phannacolcjnmc Values Following 
Intraveu>JUS Administtation of 1200-mg PbenytOin Equivalent Doses 
of Fosphenytoin and Dilantin Infused at SO mg/min Pbenytoin 
Equivalents 

tmax, hr 
AUqO-tldc). I'S· hr/ml. 
AUqO-,. ), µg • hr/mL 

AUC._, 1' 
4 hr1 

t'h, hr 

CL, mJ.Jmin 

Fosphe.nytoin 
N"' 12 

2.6 (20.4) 

0.5 (35.2) 

66.1 (30.9) 

73.1 (34.1) 

8.11 (4-4.7) 

0.034 (22.9) 

21.7 
275 

Vd.,,... L 484 

(30.1) 

(28.9) 

(13.0) 

1'RSO = Relative sta12darcl deviatioo (1' of lllOID vlllue). 

N•U 
4.Ci (33.2) 
0.5 (22.2) 

74.l (24.8) 

82.8 (28.9) 

9.8 (51.8) 
0.031 (25.6) 

:24.3 (32.2) 
238 (26.4) 
476 (23.4) 

TABLE 6. Comparison of Mrm Free Phenytoio Phannacok:inctic Parameters 
Following Intravenous Administration of 1200-mg Phenytoin 
Equivalent Doses of Fospbenytoin and DilantiD Infused at SO mg/min 
Pbenytoin Equivalents 

PanmclG 
Foopbeaytaia (Teol) Di1u1iD (Rdonacc) 

Mcaa l5RSD N M- l5RSD 
emu. ,..,all. 2.51 20.4 12 4.04 33.2 
cm.u.br 0.49 JS.2 12 0.46 22.2 
AUC(IHldc). 66.1 30.9 II 74.I 24.8 

"' • llr/mL 
M- • Arilb-.: - o1...-........i dllL 
llRSD • Rclalive ll&Ddard clllrioli a (ll of w value). 
N • Number of cl wlliam <•jeco). 

N 

II 
II 
II 

Ilalio of Leut.squ.n. 901' Conlidceco 
M- (Teot/Rcf.,._) 1mava1• 

64.6• 53.a - 11.a 
10&.2 94.7 - 121.7 
17.2~ 13.0 - 91.7 

• N;o.y,.._..,..s• ..,,...fornlio<-i'•• 1ot-1rr...-wllaluoe 
• RaDo •+ · · f w ol du .,.._ • a J=r ,.,... ...- of umnl Joe trudoa 

,.._....._(_:_ 1)4 1 ... ,. .... 

026 

Ui1'ree.-lllutnytoin AUC(O-tldc) following fosphenytoin administration wu lg3ls.JMl:---
than that following As previously discussed for total this small 

difference in AUC((>-tldc) is probab I in clearance as a 
function of free pbenytoin con n rather than conve.mon of 

fosphenytoi.n m. Free phenytoin AUC(G-tldc) met comma ~ 

O:\CLC\!Ul\74400143 .A tio 
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* Fosphenytoin at 50 mg/min 
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FIGURE2. Mean Total and Free Pbenytoin Concentrations Following Intravenous 
Administtalion of 1200-mg Pbenytoin P.quivalent Doses of 
Fospbellytoin and Dilantin Infused at SO mg/min Phenytoin Equi\'llents 
to 12 Healthy Subjects 
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STUDY: A Randomjm! Nonblind. Dilantin-Cootrol!ed. Single-Dose Study of the 
Phannaco!cjnetjc Profile and Tolerance of Intravenoys fosoheoy19jo Sodjym C CI-982 ) in 
Healthy Subjects 

PROTOCOL NUMBER: 982-24-0 

RESEARCH REPORT NUMBER: RR 744-00152 

STUDY DESIGN: Randomized, nonblind, 3-way crossover study in healthy males between 
18 and 50 yrs. of age 

I 

2 

3 

w•1 w.-2 
Tmrmtnt p I ' Mll"toiD. p 'ft l'I • 
Rm 100 150 
Tmtmet ll 1JWQ'tuiD Dilmda 
Rare 1$0 5a 
Tratmmt DillllliD Pc1Fblaytoia 

Welt3 

p J'suiytola 
100 

p ,. l'toiu 
Rase so 100 150 

• IafuliOll n1e1 - ill milllpam j6ajtuiu eqlli'nllldl Jiii' llliDule tor A rt l'!Jtaia-1 m1m1 

SUIDECTS: 12 healthy males (10 whitc,1.1 other), ages 20 - 42 

DOSAGE FORM: sec Fonnulation Summary: Appendix 3 

ASSAY: sec Analytical Methods Summary: Appendix 4. EDTA was used as an anti
coagulant and ultra.filtration was performed at 37" C in this study. 

PROTOCOL VARIATIONS: There were no protocol va:iations. 

SAFETY RESULTS: 

SAFETY 1be mime of ldwno ew:ats was sjmUu aft« foipl•1ytoin &lid Dilantin. 
NystagmUJ oc:curred witb sjmUv mqucaey followiq both treatmaltl. Bowever, 
parestbesia and ptUritua wme DOied more frequently followiq fosphej1y!Ubi tban 
DilantiD, and dizzjnees occuned more often following DDantin tban folp)'.atylOiu. 
Pruritus inc:Ieued in fnquency .. fosphenytoin iDfusioa llUi iDcreued.. IJ.Vection-site 
sympioms (inflamma&n, pain, relCDoa. hypenemitivity) were erxperieoce" by fewer 
subjects following fosphenyiOin (42") than Dilantin (100~). 'I'llme WC1R1 no dcadls, 
serious advene events, or withdrawals due to adverse events. No cfurira'lly 
significant c:hange3 oc:curred in cHniCI} labontory parameters, physical onmimtioas, 
clcctrocarliograms, or vital signs. 
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PHARMACOKINETIC AND STATISTICAL METHODS: 
~,.. 

Fospbenytoin, tocal pbeoytoin, aad free pbenytOin plwmaCC>kiDetjc pulDlete2'S were 
calculated for each subject aad each tteallllent by ooricompartmell IJlllysis of 
plasma conc:entratioD-ti daJa. (10) Actn•I sample collection times were used for 

pbanllaCOkisleti paramdef (lk:nlatiMS. Maximum observed plasma fospbenytoin, 

total pbellytoia, and me pbeaytoiD c:wc:euuadoas (Cmax) llld tbo time each ocx:umd 
(tmax) were reccmled u observed. Art:& under plasma analyte COllCClll:lltioe 
curve (AtJC) was mmetecl usiq the linear trapeZOidal method. AtJC(O-tldc) was 
calculated from dme zero to tbe time of tbe last cfetectab\e ~ (Ide). 'Ibe 
appuent finl-order terminal nte COllSWlt ().z) was ..,,;mated as tbo absnh!te vllue of 

the slope of a liDeat rep"ellioD of aallU&l lopritbm (ln) of plasma 1111.fyte 
cooc:entrai:ioll on time dnri»g tbe tenDinal elimination pba.se of tbe p>am• am1yte 
c:oncentratioa profile. Appualt terminal balf-life (tlh) was e1Jm'•ted u ln(2)1).z. 

AUC(Q..oo) was calculattd u tbe sum of comspondillg AtJC(O-tldc) and~ 
values. Due IO tbe recopiied DOlllillearity Of total and free phmytoin fl!!mjnari()ll, 

wdl IDd free pbe:aytoin. AUC(O-oo), >.z, and tlh values were not 1tpmted. 

Similarity between tmhn""'' oblCrved while qualiwively comparing mean pmmccer 
values led to use of tbe foDDwiDa conventional swistieal analysis plu for tbe 
assessment of bioeqaiVIJcace which was performed using a validated computer 
system. ClO) Lll(Cmax) and ID(AUC(Q..tldc)J values for me phenytoin were tbe 
primary puameten eva1netecl for~ equivalence usiq esabJ!shecf 
bioequivalence "i!aia Secm""ry pmmecers (Cmax, tmu, ud AUC[tkldcD for 
free pbenyioio wae.abo analyzed. Panmelr:r values were evah11ttc! by ualysia of 
variance (ANOVA) usiq a model inc:mpontinc sequence, subject widliD sequence, 
period, and tn'MhMnt eft'eccs. 'Ibe sequence effect WU IS'O'aed usiq tbe subject 

within sequence meu lqUlle from tbe ANOV A u the error tam to fozm the 

appropriate 2·sided P-taL PeDod efftcb were tested using residua• error Vlriance; a 
p-value <O.OS was c:o11!drtmcf sipi1kaDt. 5111tisric:al tests were pmo•med using 
Type m sum of squana from tbe general linear model (Glld) pnat.tme of SAS 
(SAS Releues S.18 and 6.07, SAS Imthnte IDc, Cary, North Camliaa, USA). 
Last-squares tmtment man values were delermbJed for eacb plDIDClter. Program 

<Xlde and OUlpllt ue stored in cJetaboo1cs listed ill Table 1 in Appendix C.1. 

~ was condncfed if MrimW of tbe 90" c:oafidence inlerval for the ratio 

of test (fosphenytoin) fD 1elmmce {Dilanlill) least-squares meu values, bued on 
log-transfonned Cm.ax aDd AUC(O-ddc) daSa, were between 80" and 12S".<13) 1'bis 

was equivalent to using tbe two 1-sided tesU procedure. Cl4) 



PHARMACOKINETIC ~ULTS: The mean concentr.llion-time profiles for fosphenytoin, 
total phenytoin and free phenyioin are shown below. 
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FIGURE 1. Mean Fospbellytoin (Panel A), Total Pbwytoin (Panel B), and Free 
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The following table demonstrates that using the two one-sided confidence interval 
approach and the 80 - 12~ ~-confidence interval criteria, fosphenytoin at (phenytoin 
equivalent) 1200 mg and 150 mg/min is bioequivalent to Dilantin at 1200 mg and 50 
mg/min with regard to free phenytoin AUC and Cmax. Fosphenytoin at 100 mg/min is 
equivalent with regard to extent of exposure ( AUC ) but not rate ( Cmax ). 

PK PARAMETEl{S ARE FOR FREE DRUG 

bi(Caw:)', ,.,JmJ.. 
bi(AUC(OoCldc)J', l'I • llr/mJ.. 
Caw:, 111'mL 
tmu,br 
AUC(O-tlclc), 111 • br/mL 

bi(Caw:)', 11&/mL 
bi(AUC(OoCldc)J', Ill• llrlml. 

FG1plllayloill 

• 100 ... PE/mila 
:Z.72 

'IS.I 
:z. 71 (22) 

O.S24 (37) 

79.5 (14) 

• 150 ... PE/miD 
3.01 

14.S 

Dilatia• 

3..ll 
15.5 
3.30 (26) 

O.S26 (17) 
17.1 (22) 

3.21 
15.5 

3.11 (28) 1.30 emu. 11&/mL (26) 
0.5"76 (S9) O.S26 tma,br (17) 

15.S (17) rt.I AUC{Oolldc), Ill• llr/mL (22) 
R.ao - llllio(_,,.._)oltrs __ .... ..,.__...._ ,, 

lt.llio 

14.7 
92.2 
14.2 
99.6 
91.3 

96.0 
91.1 
96.4 

109.5 
91.2 

I haaptt 

90" CI 

72. 7 - 91.1 
!3.4 - 96.2 

NA 
NA 
NA 

12.1 - 111.7 
94.1 - 103.2 

NA 
NA 
NA 

U• ... 

90" CI - 90" cmdlolwe ... ... !or nlio {IMl..r.-) ol- I II' -·-·..--...... 
•• I I a U & ,.,,,_,.. 

PE • PheaYfOiD eqai•aleilll. 
NA • Nae 1pplicable. 
• At SO m&fmill 
b ValllOI r.preoml utilop of~ dala 

Because e:oo;tent of expcsure at early time points is important in therapy of status 
epilepticus, the sponsor was asked to evaluate cumul&tive A UC across time. The results are 
shown on the following 2 pages. 
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FIGURE 13. Cumulative nee Phenytoin AUC Ratio Analysis: Study 982-24 

Mean ratios of AUC fer 181t Wt (fOlpbmytoiD ll 150 mafmDIYAUC fer refcreace lre#mlm' 
(Dillll!in Ill 50 lllf/min) - plOGld alCllll wilb !be cauesp • rlina 90'llt '"'":le• ... iDlerftla. The dulled 
venicll liDel 1ep 1em Ille c11111:111ary SK lllld 12S .. nm1!denre immval baaadarill for bioeqllivllem:e 
testin& and tbe IOO'I> 1e!e:teoce lille. Time Axil G-2 (tap pael) 111C1 G-96 (boaDm pwl) boon. 

Note: All doses and dme rares are expreued ill pbaiytDill equivalaila. 
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FIGURE 14. CUmulative Free Pbenytoin AUC Ratio Analysis: Study 982-24 
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The above figures ue~$trate that, at the 150 mg/min rate of fosphenytoin, AUC of 
free phenytoin from fosphcnytoin reaches that of free phenytoin from Dilantin at 
approximately 8 min. post-start-of-infusion., rises above that of Dilantin, and then falls to be 
approximately equal to that of Dilantin within 30 minutes post-start-of-infusion. This 
approximate equality is then maintained over the remainder of the time course. At 100 
mg/min fosphenytoin, cumulative AUC of free phenytoin takes approximately 1.5 hrs. to 
reach the 80 - 125 % band. · 

As forementioned, the cumulative AUC from fosphenytoin is greater than that from 
Dilan tin for approximately 10 - 20 minutes. However, examination of the concentration-time 
profiles ( Panel D -- page IJ7) shows that the reason for the increased AUC is because 
fosphcnytoin delivers free phcnytoin more rapidly than Dilantin, and not because Cmax is 
increased. An additional point is that the differences in cumulative AUC between the 100 
and 150 mg rates is due to the first 15 minutes post-initiation-of-infusion. From that point 
onward, the differences between the 100 and 150 mg/min infusion rates are minimal. 

These analysis' show that, at 100 - ISO mg/min, free phenytoin from fosphenytoin 
closely approximates, but docs not duplicate, free phenytoin from Dilantin at 50 mg/min. 

CONCLUSIONS: The concentration-time profile of free phenytoin from 1200 mg of 
fosphenytoin administered at 100 or 150 mg/min is comparable to that following 1200 mg of 
phcnytoin administered at 50 mg/min. The 150 mg/min rate meets equivalence criteria for 
Cmax and AUC, whereas the 100 mg/min rate meets criteria for AUC oniy. 

If cumulative AUC is examined, the 150 mg/min rate meets equivalence criteria from 
30 minutes onward, the 100 mg/min rate from 90 minutes onward. At time periods longer 
than 90 minutes the A UC of free phenytoin from fosphcnytoin at either administration rate 
are equivalent to free phenytoin from 50 mg/min Dilantin. 
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STUDY: Pharmacpkjnetic meta Malysjs of fosoheoytpjn clinical trials ... .. . 
RESEARCH REPORT NUMBER: RR-X 764-02114 

OBJECTIVE: To compare systemic exposure of phenytoin, 11 after dosing fosphenytoin and 
Dilantin•, 2) between patients and healthy subjects, 3) between arterial and venous phenytoin, 
and 4) the effects of age, gender, and race on the pharmacoki11etic profiie of fosphenytoin. 

STIJDY DESIGN: The data from clinical studies 982-13 to 982-16 and healthy volunteer 
studies 982-18, 982-20 and 982-24 were utilized. 
1) Phenytoin population phannacokinctics was carried out using a nonlinear mixed effect 
model to evaluate the effects of dosing regimen, body weight, time, age, gender, and serum 
albu1ain concentration on phenytoin clearance and distribution in a linear pharmacolcinetic 
model. The studies 982-14 and 982-15 used in the analysis were from routine therapeutic 
drug monitoring. Only samples collected more than 6 hours 11..fter fospbenytoin administration 
were used (to avoid cross reactivity with immunoassay). 
2) Graphical analysis of patient/subject differences were made by subsetting free phenytoin, 
total phenytoin and fosphenytoin concentralion time profiles by dose and infusion rate and 
visually inspecting for patterns and/or differences among patients and hr.althy subjects. All 
the above studies were included. 
3) Comparison of arterial and venous plasma concentrations for fo~phenytoin, total phenytoin 
and free phenytoin were made in 6 neurosurgery patients. Plots were visually inspected for 
trends. 
4) Patient sub-populations were graphically analyzed by subsetting plasma concentration 
profiles by route of administration and then further subsetting by age, gender, and race and 
visually inspecting for patterns and/or differences among patients. 

RESULTS: 
1) A linear phannacolcin~c modcl served as a suitable alternative to the generally applicable 
non-linear model given the restrictions in the range of doses and pl~ma phenytoin 
concentrations available from these clinical trials. 

Consistent with previous clinical experience, phenytoin clearance and volume of 
distribution exhibit a direct relationship with weight. Mean trough phenytoin levels decline 
over time (Fig 1) and this is also reflected in the individual. plots (Fig 2). Modeling suggests 
this decline in mean plasma phenytoin concentration i~ most likely explained in terms of an 
increase in phenytoin clearance in those patients remaining in the studies for more than just a 
few days rather than a tendency for patients with intrinsically high clearance to remain in the 
study longer (Fig 2 and Bayes estimates). 

Modeling for difference in extent of systemic availability suggests that fosphenytoin 
delivers 15 9' less phenytoin than Dilantin, however, this may be due to model 
misspecification uf the i. m. dosage. 
2) Graphical presentation of free phenytoin, total phenytoin, and fosphenytoin concentration
time profiles by dose/infusion rate does not suggest the presence of sub-populations or 
specific individuals for which these levels are atypical. 
3) Graphical comparison of plasma arterial and venous concentration time profiles for free 
phenytoin, total phenytoin and fosphenytoin do not shew any differences. 



... 
4) Graphical analysis of patie!nt sub-populations did not suggest the presence of 
sub-populations or specific individuals for which fosphenytoin concentration time profiles 
were atypical (Fig 3). 

CONCLUSIONS: The observed trend for concentrations to drop within individuals suggests 
a time dependent increase in clearance in phenytoirt clearance which has been observed 
previously in febrile patients and trauma patients. This does not appear to be related to 
fosphenytoin administration. The observation that intravenous fosphenytoin is 15 % less 
bioavailable than Dilantin is not of concern bccau~- the improved fit of the data to the model 
including this bioavailability term is moderate. No further unusual trends where observed. 

Visual inspection of plasma arterial and venous concentration-time profiles for 
fosphenytoin show no obvious differences which is consistent with the fact that phcnytoin is a 
low extraction ratio drug. 

Visual inspection of fosphenytoin concentration time profiles does not show any 
apparent differences across age, gender, race or in any of the sub-groups. This is consistent 
with the fact that phosphatase activity is extensive and differences in individuals is unlikely to 
make much difference in the conversion of fosphenytoin to phenytoin. 

The conversion of fosphenytoin to phenytoin is consistent and essentially complete. 
There is no evidence of atypical phenytoin pharmacok.inetics due to differences in 
fosphenytoin disposition between individuals. 
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note: Fosphenytoin concentrations and parameters reported in the this review have been 
corrected. They DO NOT suffer from the errors detailed in the Important Note on p. 3. 

STUDY: Characterization offo5pheovtoin and pbenvtojn human plasma pmtejn binding jn vitro 

RESEARCH REPORT NUMBER: RR 764-02124 

OBJECTIVES: To determine the protein binding characteristics of fosphenytoin and phenytoin 
using standard in vitro methodologies. 

STUDY DESIGN: Plasma samples were spiked with fosphenytoin (up to 800 µglmL) and 
phenytoin ( up to 80 µglmL ) and total and unbound drug ceincentrations were determined via 
ultrafiltration and HPLC. NONMEM was used to fit the data to a variety ofbjnding models. 

RESULTS: The following pertinent conclusions can be made (see Figures 1 • S ): 

l. F osphenytoin binding is best described by a model which incorporates 2 saturable binding 
sites. F osphenytoin binds to the site of highest affinity with a binding constant of approximately 
I. I µglmL, suggesting that this is the approximate unbound plasma concentration above which 
nonlinear binding may be observed. The second site has a much lower affinity ( Kd > I 00 µglmL 
) suggesting that binding at this site will b"' linear at typical in vivo plasma fosphenytoin 
::oncentrations. 

2. Phenytoin binding is best described by a model which incorporates 1 saturable binding site 
and I linear binding site. The affinity constant for the saturable binding site is approximately 30 
µglmL. 

3. r· osphenytoin ( at free con~entrations above approximately 1. O µglmL or total concentrations 
above approximately 75 µg/mL ) is capable of displacing phenytoin from the high affinity 
binding sights whereas phenytoin ( at total concentrations below 80 µg/mL ) docs not 
significantly displace fosphenytoin. 

4. These results are qualitatively consistent with the results of in vivo studies. However, 
quantitatively there are some inconsistencies. These inconsistencies are likely due to 
deficiencies in the in vivo studies ( including the performance of ultrafiltration at non
physiological temperatures, the use of heparin as the anticoagulant, and the use of contaminated 
radiolabeled drugs ). 
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COMPREHENSIVE FORMULATION SUMMARY ... 
The composition of the drug product intended for market is the same as that identified 

m the attached as Formulation 1 Fosphenytoin Injection 75 mg/ml. Other than the 13C
labeltd fosphenytoin (Formulation X) used in Study 982~ 10. Formulation 1 was the only 
fosphenytoin formulation used in clinical trials. 
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I Fosphenytoin Sodium 
Injection 

Ust of All Fonnulations Used in Clinical Studies 

Sllldy No. 
982-

001 
001 

002 
002 

003 
003 

005 

006 
006 

007 

010 
010 

01 I 
Oil 

012 
012 
012 

013 

013 

013 
013 

Fonnulallotl 
No. 

I 
IP 

I 
' 

I 
IP 

I 
• 

x 
y 

I 
' 

I 
IP 

' 

9PAI 

llAJ 

I 
IP 

.. • (Soned by Study Number) 
(Page 1 of 2) 

FonnuWion Name/Stren&th Lot No. 

FOlpltcnytoin Injection 7S maJmL I 

l'W:ebo for f<JfPltenytoin 
I 

Fosphenyloin Injection 7S malmL 286-0-8 
Dil&nlin Injection 50 m&JmL 05126 

f.,.P,enytoin Injection 75 maJmL I 

Pbcd>o for Foopbenytoin 
I 

.Foophenytoin Injection 75 malmL I 

foopbenytoin lajectioa 75 ma/mL Z86-l-8 

DilanlU>. Injection 50 m&JmL 05726 

Foophonytoin lnj<,clior, 75 mc/mL Z87-3-I 

13CrFoophenytoin lnjeciioa ZBB-5-4 
15Nr13c,-Pbenyl<>ift Injection zgg.5.5 

Fotpbeny!Qin lnjedioe. 75 ""'mL Z&7-1-I 

V aliwn IDjoclioa S maimL ' 

Fotpbenytoin lnjoclioa 75 ""'mL CM 344120 
~for Foopbenytoin CM 345120 
Dilalilin Injection 250 m&/5 mL 0306G 

CL 0020\7 

CM 223070 

FoophenytOia lnjec:lioa 75 m&Jml.. CM 344120 
Place0o for FOlplienycoin CM 345120 

014 I Fotpileayfoiz1 Injection 75 m&/ml.. CM 344120 

I Not opeoified. Study --- by 
b Manufactured 11 
' Commen:ially availab# proctu;t. 
d Not specified. Study c-.ied b)I 
' Rocbeller, Micbipa 
f Mo:r11 Pl&ial, New Jeney 

.. . 
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I 

• 

I 

I 

d 

d 

d 

1 

' 

100 L 
150 L 

' 

500,000 
Caps 

105,000 
Caps 
100 L 
150 L 

100 L 

Sn" of 
Manufacture 

PR~ 

PRl/MOPS 

Roch acer 
Rochacer 



I 
I 

I • ' i 
I 
l 
I 

Fosphenytoin Sodium 
Injection 

List Qf. All Fonnulations Used in Clinical Studies 
(Sorted by Study Number) 

Study l'fo. 
982· 
015 

Ots 
CIS 

016 

016 

017 
017 

018 

020 
020 
020 

021 
021 
021 

022 

Fom111!0aon 
No. 

• 

l 
IP 

46 
1 
• 

(Page 2 of 2) 

Fon111da1ioo Na-/Slretl&ll> Loi No. 

foopheaylOia Injection 7S maim!. CM 0020192 

Dilanlift lnjecci<m 250 m&fS mL CM OS7031 
Fotplienytoin lqjection 7S ...,imL CM 344120 

Fosphenytl>in lnjoclion 75 msfmL CM 0020192 

Foapbea)N>ia lqjec:lioa 75 msfml. CR 0200193 

Foophon)N>in Injection 7S mcJmL CM 344120 
Dilulin lnjecci<m 2.SO ""'5 mL 03060 

Fospllenytoift Injection 75 D>JlmL CM 344120 

Foophcuytoia lnje<lion 75 mJlmL CM 344120 
Placebo for FOlpbenyo>ia CM 34Sll0 
DilAalin lnjeccioD 250 ""'5 mL 0306<. 

Dilelia lnjeccioD 250 ""'S mL CM 057031 
Foopbonycoin llljeclion 75 ftlllmL CM 344120 
Sodium Clik>ride lnjoclion USP 66-429-DK 

F....,._ytoin Injection 75 "lllmL CM 0020192 

022 I Foopbeayt0ia Injection 75 ms/ml. CM 344120 

024 46 Dilanlin btjedioD 250 mr/S 1111. CM OS7031 
024 I F.,..,,,..,)'IOill Injection 75 lllJ/mL CM 344120 

• Not speciliecl. SIUdy coodllcted l 
• Muufaclllrod • 
' Commen:Wly availabk proGiti. 
d Not opecitied. Seu· 
• Rocheater, Micbisan 
r Morris Plaiaa, N.,.. i....,. 
I Powder blend mMle 

..... -. 

BolCh Sii.e 

17,000 
......... 
480L 
100 L 

17,000 
......... 

S,000 Villa 

100 L 
• 

lOOL 

100 L 
ISO L 

• 

480 L 
lOOL 
• 

17,000 
........ 
100 L 

480 L 
100 L 
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Sile of 
M.,,..f""1Ur< 

Rocbaier 

Roc.......,r 
R-r 

Rochalcr 

Rochalcr 

Roch-
Roch-

Roct....... 

Rocheotu 
Rocbeoter 
Rochell&r 

Roch-
Rocltater 

Abboll 

Roch-

Roc4-

Roch-
Roell-
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MEMORANDUM 
• • 

DATE: December 6, 1995 

FROM: Associate Director, 

, 
.r .. ~·· ,.~! 

DEPARTMENT OF HEAL TH AND HUMAN SERVICES 
PUBLIC HEAL TH SERVICE 

FOOD AND DRUG ADMINISTRATION 
CENTER FOR DRUG EVALUATION AND RESEARCH 

Division of Scientific Investigations (HFD-340) 

SUBJ: Review Of EIRS Covering 
NOA # 20-450, Fosphenytoin Sodium (Cerebyx•) Injection, 
sponsored by Parke-Davis Pharmaceutical Research, Division 
of Warner-Lambert co. 

TO: Paul o. Leber, M.O. 
Director, HFD-120 
Division of Neuropharmacological Drug Products 

At the request of HFD-120, the Division of Scientific 
Investigations initiated audits of three pharmacokinetics and 
bioequivalency studies. These audits were expedited due to the 
User Fee status of this NOA. 

The clinical portion of study 982-014 was performed at the 
University of Tennessee, Memphis, TN. The clinical portions of 
studies 982-018 and 982-024 were performed a 

The analytical portions of all three 
studies were performed at I 
the inspections, Forms 483 (attached) were issued. 
evaluation of these findings is as follows: 

Following 
Our 

1. Reported fosphenytoin concentrations were in error since 
the water content of the fospher.ytoin reference standard 
was not taken into account in calculations. 
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Page 6 - Dr. Paul D. Leber 
~. 

protein-binding, unbound phenytoin, and percentage unbound 
phenytoin, be reviewed for corroboration independent of the data 
evaluated here. 

In light ot the nonlinear kinetics ·for fosphenytoin and 
phenytoin, a dosing error up to 5' combined with analytical 
errors up to 10' may need to be considered when interpreting 
pharmacokinetics. 

After you have reviewed the material, we request that this 
transmittal memo be appended to the original NOA submission. 
Please forward a copy of your review to HFD-340 for our files. 

c. T. Viswanathan, Ph.D. 
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***SENSITIVE*** 

REVIEW 

OF 

ENVIRONMENTAL ASSESSMENT 

FOR 

NDA 20-450 

Cerebyx® 

(Fosphenytoin Sodium Injection) 

HFD-120 REVIEW DIVISION 

CENTER FOR DRUG EVALUATION AND RESEARCH 

HFD-102 

DATE COMPLETED: August 30, 1994 
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EA Review #1, NDA 20-450 

1. Date: 

... 
ENVIRONMENTAL ASSBSSMENT 

EA dated: 
NDA filed: 
Consult to HFD-102 
Assigned: 
Telecon: 
Faxed response: 

06/30/1994 
07/14/1994 
07/27/1994 
08/19/1994 
08/22/1994 
08/22/1994 

2. Name of applicant/petitioner: 

Warner-Lambert Company 

Adequate. 

3. Addreas: 

201 Tabor Road 
Morris Plains, NJ 07950 

Adequate. 

4. Deacription of the propoaed action: 

a. Reque•ted Approval: 

Warner Lambert has filed an NDA for Cerebyx® 
(Fosphenytoin Sodium). 

Page 2 

DBFICIBNT. The drug 
names are incorrect. 
of the document. 

product name and drug substance 
This occurs throughout the rest 

b. Need for Action: 

The product will be used in the tr~atment and control 
of seizures in patients with status epilepticus. 

Adequate. 

' 



EA Review #l, NDA 20-450 Page 3 
~. 

c. Production Locations: 

i. Proprietary Intermediate(s): 

None 

ii. Drug Substance: 

Address: Parke-Davis Holland Chemical Facility 
188 Howard Avenue 
Holland, Michigan 49424 

Facility Description & Adjacent Environment: 
A brief facility description is provided. The 
facility is located in an industrial and 
commercial area which includes residential, light 
industry and retail business. It is adjacent to 
the Macatawa River and is in the Eastern Deciduous 
Forest Ecoregion (climax forest beech-maple) . 

Adequate. 

iii. Pinished Doaage Porm: 

Address: Parke-Davis Rochester Facility 
870 Parkdale Avenue 
Rochester, Michigan 48307 

Facility Description & Adjacent Environ~ent: 
A brief facility description is provided. The 
facility is located adjacent to a city park, 
residential areas and light manufacturing. 

Adequate. 

d. Expected Locations of Use (Drug Product): 

Not discussed. DBPICIBNT. 

e. Disposal Locations: 

The fate of returned or expired drug product or 
rejected drug substance is not discussed. DEFICIENT. 

s. Ide&tification of chemical substances that are the subject 
of the proposed action: 

Drug Substance: Fosphenytoin DBPICIBNT. Should be 
identified as the sodium salt. 

' 



EA Review #1, NDA 20-450 

~ . 
Drug Product: 

Chemical Name: 

CAS #: 

Page 4 

Not listed. Adequate as the drug 
product is identified elsewhere in the 
EA. 

5,5-diphenyl-3-[(phosphonooxy)-methyl]-
2,4-imidazolidinedione DEFICIE~lT. 
Should be identified as the sodium salt. 

92134-98-0. The Library (Roy) co~firms 
that this number is the CAS for 
Fosphenytoin Sodium. 

Molecular Weight: 362.28 g/mole (free acid) 
406.24 g/mole (sodium salt) 

Molecular Formula: C,.H.,N,O,P (free acid) 
C,.H.,N,O,PNa, (sodium salt l 

Structural Formula: Not included. DEFICIENT. 

Physical Descrip.: i~ne white solid (drug substance) 

Additives: 

Impurities: 

No information provided. DEFICIENT. 

No information provided. DEFICIENT. 

6. Introduction of substances into the environment: For the 
site(s) of production: 

a. Potential Emitted substances: 

A list of raw materials used in the synthesis of the 
bulk drug and the composition of the drug product is 
provided in the non-confidential portion of the EA. 
Note: the company will be given the opportunity to move 
this information to a confidential appendix, although 
they may chooae to leave it where it is. 

The company was requested (telecon 8/22/1994) to 
provide a flow diagram for the synthesis of the drug 
substance and the manufacturing process for the drug 
product. This was faxe1 on 8/22/1994. An official 
copy should be provided. DEFICIENT. 

b. Controls (Air, Liquid Effluent, Solid): 

DEFICIENT. See Attachments 1 and 2. 

' 
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EA Review 11, NDA 20-450 •• Page 5 

c. Compliance with Federal, State and Local Emission 
Requir-ente1 

d. 

A list of applicable environmental regulations are 
included and they state that the Rochester and Holland 
Michigan facilities are substantially in compliance 
with all applicable regulations (page 28). Adequate. 
They do not discuss meeting compliance wjth 
occupational exposure requirements. DEFICilnn'. 

Effect of Approval on Compliance with Current Emissions 
Requirements: 

DEFICIENT. See Attachments 1 and 2. 

e. Estimated Expected Emitted Concentration/Quantities: 

DEFICIENT. .See Attachments 1 and 2 . 

The maximum expected environmental concentration for 
Fosphenytoin has been calculated at 4. 6 x 10' 5 ppm ( 46 
ppt), based on the 5th year manufacturing estimate of 
5,115 pounds. Adequate. The EA document refers to 
this as the minimum EEC. DEFICIENT. 

7. Fate of emitted substances in the environment: 

Parent Compound: 

In vivo: 

Metabolites: 

Fosphenytoin Sodium (99.2% conversion to 
phenytoin1 

Phenytoin 

Hydroxyphenytoin 

The approximate percent excreted as phenytoin and 
hydroxyphenytoin should be provided if known. DEFICIENT. 

The Tier O testing provided indicates Tier 1 (aquatic) 
testing for Fosphenytoin and Hydroxyphenytoin and Tiers 1 
(aquatic) and 2 (terrestrial) testing for Phenytoin. See 
Attachment 3. 

No information was provided regarding hydrolytic stability 
or dissociation constants for the compounds of interest. 
DBPICIENT. 

• 



BA Review #1, ND~.20-450 Page 6 

Insufficient information is provided regarding the test 
methods for water solubility and partition coefficient. 
DEFICIENT. For water solubility informa.tion such as the 
methodology used (e.g., undersaturation/oversatc;ration), the 
study site, the temperature at which the solubility was 
determined and the HPLC method should be provided. For the 
partition coefficient information such a.s the test 
methodology, the study site, concentration at which the 
study was performed ( 2 different ones net!ded) and the HPLC 
method should be provided. 

Although not necessary, the photolytic degradation of 
Fosphenytoin Sodium was determined. The conclusion (page 
17, 1st sentence in second paragraphl should be revised to 
indicate that photolysis is not a primary removal mechanism 
of Fosphenytoin Sodium from the environment. DEFICIENT. 

Fosphenytoin Sodium is aerobically biodegraded in the 
aquatic·compartment to Phenytoin. Phenytoin does not 
biodegrade in the aquatic compartment and does not to absorb 
~o soil. The company states that Hydroxyphenytoin 
aerobically biodegrades rapidly in the aquatic compartment 
and that jt has been proven/demonstrated to completely 
degrade to co,. The data provided does not support these 
statements. DEFICIENT. (See Attachments 4 and 5) 

8. Environmental e~fects of releaaed subatances: 

See Attachments 4 and 5. 

Neither Fosphenytoin, Phenytoin or Hydroxyphenytoin inhibit 
microbial growtt at concentrations expected in the 
environment nor are they acutely toxic to Daphnia magna. 
(See Attachment 4). 

Adequate. 

9. Oae of reaourcea and energy: 

a. Production: 

Production of the material will result in a 1% or less 
increase in production levels or energy usage over 
current levels at both the Holland and Rochester 
facili~ates. Adequate. 

b. Effect on Endangered/Threatened Species: 

None. Adequate. 

' 



EA Review #1, Nnl\,. jZ0-450 

c. Effect on Properties Listed/Eligible for National 
Register of Historic Place•: 

None. Adequate. 

10. Mitigation measures: 

Page 7 

The Emergency Plan, Pollution Incident Protection Plan 
(PIPP) and Spill Prevention Control ar.d Countermeasure Plan 
(SPCC) for the Holland Facility is provided. 

The Emergency Response Plan for the Rochester Facility is 
provided. 

Safe handling guides and MSDS's are provided to personne:. 

Material is disposed as indicated under# 6. 

Adequate. 

11. Alternatives to the propaaad action: 

They &tate that the proposed action will have no impact on 
the environment and the one alternative is no acticm 
(approval) by the FDA. 

DEFICIENT. They can not say it will have no impact, only 
the FDA can in the FONS!. 

12. List of preparers, • their qualifications (expertise, 
experience, professional disciplines) and consultants: 

A list i3 provided. DEFICIENT. They state that no 
consultar.ts were used, but include 

in the list is a 
consul tar.!.. (performed many of the environmental test) for 
this EA. also did some basic testing is 
support o. 
vitae for the 
not included. 

13. Certification: 

They also state that the Curricula 
listed individual are attached. But they were 

Provided. Adequate. 

14. Reference•: 

References are provided. Adequate. 

' 
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DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS 
Relliew of Chemistry, Manufacturing, and Controls 

NOA#: 20-450 CHEMISTRY REVIEW: # 1 

Sybmlsslon Type Document Pate CPER Pate 

ORIGINAL 14-JUL-94 15-JUL-94 
RESUBMISSION 22-FEB-95 23-FEB-95 

Assigned pate 

04-AUG-94 
24-FEB-95 

pate Reyjewed 

05-JUN-1995 

NAME AND ADDRESS OF' APPLICANT: PARKE-DAVIS PHARMACEUTICAL RESEARCH 
Division of Warner-Lambert Company 

DRUG PRODUCT NAME: 

Proprietary: 
Nonproprletary/Establlshed/USAN: 
Code Name/#: 
Chem. Type/Therapeutic Class: 

"2800 Plymouth Road 
Ann Arbor, Ml 48105 

CEREBVX-
fosphenytoin sodium. injection 
Cl-982 
1S 

PHARMACOLOGICAL CATEGORY/ INDICATION: Anti-epileptic 
Injection DOSAGE FORM: 

STRENGTHS: 
ROUTE OF ADMINISTRATION: 
DISPENSED: 

75 mg/mL 
IV/ IM 
M_Rx _OTC 

CHEMICAL NAME, STRUCTURAL FORMULA & MOLECULAR FORMULA: 

5,5-diphenyl-3-[(phosphonooxy)methyl)-2,4-imidazolidinedione 
disodium salt 

C,0H,,N20 0PNa2 •7H20 Mol. Weight: 406.24 (anhydrous) 
532.35 (heptahydrate) 

REMARKS/COMMENTS: 

JUN - 7 1995 

Phenytoin starting material is synthesized under DMI . which is currently under review and 
contains some major deficiencies. In genera!, the deficiencies in the NOA appear to be minor, 
however some control issues need to be resolved. Fer one intermediate in the fosphenytoin 
synthesis, there is no data to show that it is not present as an impurity in the drug 
substance. The proposed impurity limits for the drug product need to be evaluated. 

CONCLUSIONS & RECOMMENDATIONS: 

Establishment Evaluations, Microbiology and Environmental Assessment are still pending as is 
Methods Validation (this cannot be initiated until we obtain a satisfactory response to questions 
about possible impurities in the n.d.s., see Item :; of draft letter]. Due to these issues, and 
manufacturing deficiencies in both the NOA and DMF lhe NOA is Not Approvable for 
Chemistry at this time. 

cc: Orig. NOA 20-450 
HFD-120/0ivision File 
HFD-120/MHeimann/05-JUN-1995 
HFD-120/CSO/RNigh~j~ 
HFD-120/SBlum/loi!.~. /, 

- G/'11tt) 

~f4())~~ ~Ms~ 
M a R. Heimann, Ph.D., Review Chemist 
Filename: N20-240.001 
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FINDING OF NO SIGNIFICANT IMPACT 

NDA 20-250 

Cerebyx® 

(foaphenytoin sodium) 

Injection 

The Food and Drug Administration (FDA) recognizes the National 
Environmental Policy Act of 1969 (NEPA) as the national charter 
for protection, restoration, and enhancement of the environment. 
NEPA establishes policy, sets goals (section 101), and provides 
procedures (section 102) for carrying out the policy. 

Environmental information is to be available to the public and 
the decisionmaker before decisions are made about actions that 
may significantly affect the quality of the human environment; 
FDA actions are to be supported by accurate scientific analyses; 
and environmental documents are to concentrate on timely and 
significant issues, not to amass needless detail. 

The Food and Drug Administration, Center for Drug Evaluation and 
Research has carefully considered the potential environmental 
impact of this action and has concluded that this action will not 
have a significant effect on the quality of the human environment 
and that an environmental impact statement therefore will not be 
prepared. 

In support of their new drug application for Cerebyx®, Warner
Lambert Company has conducted a number of environmental studies 
and prepared an environmental assessment in accordance with 21 
CFR 25.3la(a) (attached) which evaluates the potential 
environmental impacts of the manufacture, use and disposal of the 
product. 

Fosphenytoin sodium is a synthetic drug which is administered as 
an injectable solution in the treatment and control of seizures 
in patients with status epilepticus. The drug substance will be 
manufactured at Parke-Davis Holland Chemi~al Facility, Holland, 
Michigan. The drug product will be manufactured at Parke-Davis 
Rochester Facility, Rochester, Michigan. The finished drug 
product will be used in hospitals and clinics. 



.. 
Fosphenytoin sodium is a pr~drug which is rapidly and completely 
converted to phenytoin in vivo. Patient excretions contain a 
small percentage of the dose as phenytoin (<St), some dihydrodiol 
phenytoin ("7-llt) and the major metabolite 5- (4-hydroxyphi!nyl) -
5-phenylhydantoin (p-HPPH) (-67-88%). small amounts of 
fosphenytoin sodium may enter the environment due to manufacture. 
Chemical and physical test results indicate that fosphenytoln 
sodium, phenytoin and, the major metabolite, p-HPPH will most 
likely be restricted to the aquatic environment. 

Hydrolysis of fosphenytoin and phenytoin and photolysis of 
fosphenytoin sodium is expected to be slow under environmental 
conditions. Fospnenytoin is rapidly biotransformed to phenytoin 
under biodegradation test conditions, phenytoin is not chemically 
converted and p-HPPH can be complet~ly biodegraded, although the 
biodegradation is not rapid. 

As fosphenytoin and the major metabolites are expected to persist 
in the aquatic environment for some time, the toxicity of 
fosphenytoin sodium, phenytoin and p-HPPH to aquatic organisms 
was characterized. Acute static toxicity studies in water fleas 
(Daphnia magna) indicate that the drug substance is generally not 
toxic to aquatic organisms at concentrations of at least 5 orders 
of magnitude greater than the maximum expected environmental 
concentration (MEEC) . 

Microbial inhibition studies indicate that environmental 
microorganisms are not inhibited at concentrations of at least 7 
orders of magnitude greater than the maximum expected 
environmental concentration (MEEC) . 

Disposal of the drug may result from out of specification lots, 
discarding of unused or expired product, and user disposal of 
empty or partly used product and packaging. Returned drug 
product will be disposed of at a licensed incineration facility. 
Out-of-specification drug product and drug substance will be 
reprocessed or disposed of at a licensed incineration facility. 
At U.S. hospitals and clinics, empty or partially empty packages 
will be disposed according to hospital/clinic regulations. 

The Center for Drug Evaluation and Research has concluded that 
the product can be manufactured, used and disposed of without any 
expected adverse environmental effects. Precautions taken at the 
sites of manufacture of the bulk product and its final 
formulation are expected to minimize occupational exposures and 
environmental release. Adverse effects are not anticipated upon 
endangered or threatened species or upon property listed in or 
eligible for listing in the National Register of Historic Places. 

2 
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t:16c.l1s- ~Tl{·~-·~ 
~L Concurre / 

Robert A. Jerussi V Ph.D. 
Associate Director for Chemistry 
Center for Drug Evaluation and Research 

Attachment I: Environmental Assess:nent 
Attachment II: Material Safety Data Sheet (drug substance) 
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FREEDOM OF INFORMATION ENVIRONMENTAL ASSESSMENT FOR 

FOSPHENYTOIN SODIDM INJECT[ON 

1. DATE 

November 29, 1994 

2. NAME OF APPLICANT 

W:uner-Lambert Company 

3. ADD~ OF APPLICANT 

201 TaLor Road 
Morris Plains, New Jersey 07950 

4. DESCRIPrlON OF THE PROPOSED ACTION 

4.1. Desaiption of the Proposed Action 

Wamer-Lambert has t;led a New Drug Application for Cerel:.yxt' (Fospbenytoin 
sodium). The drug substa!W is Fosphenytoin sodium. The New Drug Application 
requests approval of Fospbenytoin Injection for the tretUmeat and control of seizures 
in patients with status epilepticus. 

4.2. NMd for the Action 

004 

Approval of this application will result in production 81ld distribution of Cerebyx4' in 
the United States. Approval will offer patients .in the United States an effective 

therapy for treatmmt and control of seizures in patients with status epilepticus in 
hospitals and clinics. RccanBL" of the therapeutic benefits a.W>Ciatcd with its 
availability and use, approval is sought and preferable to nonapproval. It is estimated 

U:INDA\Cl-982\RE0332RA.EA2 
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that l-5 million people are identified as suffering from epilepsy in the United States 

with an estimated yearly increase of approximately 70,000 to 130,000 patients. 

4.3. Locations Where the Products WW be Produced 

Bulle dIUg substance will be manufactUied at the following Wamer-Lambcrt facility: 

Parke-Davis Holland Chemical Facility 

188 Howard Avenue 
Holland, Michigan 49424 

The Parke Davis Holland Chemical facility is located on appro'rimately SO acres of 
land in the Township of Holland (1990 population-17 ,523), in Ottawa County, 

Michigan, approrimately 30 miles west of Grand Rapids. 'Ibe site is just north of the 

city of Holland and consi.~ of approximately 15 bi1iJdings and employs an avlX'age 
work fon:e of 300 employees. It is adjacent to the Macalawa River near the river's 
confi •1encc with Lakr: Macatawa. Lake Macalawa flows into Lake Michigan 
approx lmate)y 4.S miles downstream from the facility. 'Ibe plant is located in an 
industrial and commercial aiea which inc)11de5 reridemial., light indnstry, recall 
business and beech-maple forests. 

The Holland facility teeeivcs its potable water from Holland Township. Rolland 
Township obtains its potable water from the city of Wyoming, the city of Holland, 
and in rum! aieas, from ground water. Wyoming obtains water from Lab Michigan 

via an intake structun: located approxim•tely 6 miles northwest of the facility and 

about 6 miles llOl1h of Lake Macuawa's outlet to Lake Michigan The city of 
Holland obtains its potable water from Lake Michigan via an in~ located about 

0.15 miles off-shore and about 5 miles west of the facility and 2 miles north of Lake 

Macata.va's outlet to Lab Michigan. 'Ibe facility pumps its sanitary wastes to the 

Holland Mnnicipal Waste Tl.atment Facility. 

Process water for noncontact cooling is obtained from an intake located on the 
channel leading to the Macatawa River on the east side of the facility. 

U:INDA\Cl-982\REG332RA.EA2 



Fosphenytoin Sodium 
lnj~tion 

~ . 
3 

The Holland facility is located on a former beacl:. and associated offshore deposits of 

a higher stage of Lake Michigan. These areas have locustrine sand and gravel 

deposits and may include intercalated clay. Eolian sand and organic soils may be 
present. The area is in the Eastern Deciduous Forest Bcoregion, and the climax 

forest is beech-mapleCl). The site slopes from a high in the north of 605 feet to the 

Macatawa River in the.. south, which bas an approximate elevation of 579 feet. The 

site is mostly paved .>r covered with buildings. 

Drug product formulation, packaging and testing will be performed at the following 

Warner-Lambert facility: 

Parke-Davis Rochester Facility 

870 Parkeda'e Avenue 

Rochester, Michigan 48307 

The Parke-Davis Rochester facility is located on 80 acres of land in Oakland County, 

Michigan in the northeast comer of the City of Rochester (1990 popolation-7,096). 

It is approximately 30 miles north of Detroit, Michigan. The facility OODSists of 

006 

40 buildings and employs an average worlcforce of SOO people. The closest 

neighboring structure is over 800 feet away. The facility is surrounded by a city park 

to the south, a public roadway and residential uea to tile north, light manufacturlng to 

the east, and vacant p:topetty followed by residential neighborlloods to the west. The 
site is approximately 35 miles upstream from the confluence of the Clinton River and 

Lake St. Clair. See Appendix 1 for Site Loc:ation Map and Site Plan. 

Returned and unused drug product will be returned via the Warner-Lambert Drug 

Distribution System. Material with inadequate shelf-life for distribution will be sent 

to the following facilities: 

Warner-Lambert Company 
400 W Lincoln Avenue 
Lititz, PA 17543 
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Returned products will be destroyed by high temperature (1800°F-2200°F) 

incineration in accordauce with all applicable environmental regulation.~. 

Material that does not meet specifications will be either reprocessed at the 

manufacturing sites specified and submitted as a supplement to the NDA or destroyed 

by high temperature (1800°F-2200°F) incinemion in accordanc:e with all applicable 
enviromnental regulations. 

5. IDENTIFICATION OF CHEMICAL SUBSTANCFS THAT ARE 
SUBJECT TO THIS PROPOSED AC1'10N 

5.1. Chemical Names 

S ,5-Diphcnyl-3-[(phosphonooxy)methyl]-2,4-imidazo)idinedionedi.•ncHum salt 

CAS Registry Number 92134-9~ 

5.2. Synonym Names 

Fosphenytoin sodium (USAN) 

5.3. Structural Formula 

JJ'fo o 
L>---N, II e 

~-O-P-O 

6e 
@ 

•2Na 

U:\ND.~ICl-982\REG3J2RA.E.."2 



Fosphenytoin Sodium 
Injection 

5.4. Description 

Fine white solid 

5.5. List of Potential Impurities 

Phenytoin 
Dibcnzylphosphate 
Diphenylglycine 
Diphenylhydantoic Acid 
Diphenylimidarolidinone 
Diphenylglycinamide 

5 

(2,S-dioxo-4,4-diplwlyl-2,4-imidarotidinyl-l-yl) methoxy]methoxy)phosphoric acid 
bis(phenylmethyl)ester 
2,4-Imidazoldinedione,3,3 '-methylenebis[5,5-diphenyl-
( 4-cyclohexyl-2,5-dioxo-4-phenyl-l-imidirolidinyl)methyl ester, disodium salt. 

A material safety dala sheet (MSDS) for Fosphenytoin sodium is provided in 
Appendix 2. 

5.6. Ultra"riolet Spectrum 

The apparent maximum UV abSOibancc in water and methanol is 200 and 204 nm, 
respectively. Spec:tta are provided in Section 1S(a)3. 

6. INTRODUCTION OF SUBSTANCFS INTO THE ENVIRONMENT 

008 

Fosphenytoin sodj11m is syntbesiut' in the Holland, Michigan facility. The following 

chemicals with their comsponding CAS numbers are wed in the production of 
Fosphenytoin sodium. 

5.1. Materials Finjtted into the Air in Holland, .Michigan Plant 

Ambient air quality at the Holland, Michigan facility is not routinely monitored. 
Indoor air quality is monitored. In addition, the facility has a number of other air 
permits that are not associated with hazardous waste management but are asso;iated 
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with the specific batch manufacturing processes conducted at the site. Fmission 

permit applications have been submitted for the Fosphenytoin sodium process. The 

permit (air, liquid, and solid) numbers, requirements, expiration dates, and other 

peninent infonnation are snmmarjUJd in Appendix 3. Refer to Appendix 4 for where 
emission permits apply in the ftow diagrams of synthetic route and mannfacturing 

direction for drug substance and drug product, respectively. 

6.2. Materials Disposed as Solid Waste in Bolland, Michigan Plant 

Solid waste is generated in the bulk pharmaceutical production at the Holland plant in 
2 forms. Waste cabs from process solution filtration, and mixed wastewater 
filtntion. The former solids are isolated from Niagaxa (stacked plate) pressi.re filters, 
and are pr..marily activated caibon and diatomaceous eatth filter aid from decolorizing 
operations. The latter type is a product of process wastewater filtntion. Suspmded 
solids present in the wasteWatcr are removed after pH adjustment by passing the water 

through a rotary pxecoat filter. Slndge from the wastewater is peeled off the filter 

along with diatomaceous earth filter aid. Both of these sludges are combined in 
roll-off Lopp>rs and disposed of in a bazaxdous waste landfill. 

The solid waste and waste solvent for our Holland, Michigan facility are disposed by 

the following contmctors: 

Wute Stream Vendor Nune Addie-JI 
Waste Solids Cliemical Wute Mamgemmt Adam'• Cenlt:r Lmdlill 

4636 Adami Carter ROid 
Port Wayne, IN 46806 

Waste Solvent EWRinc PO Box 160 
CcaJ City. n. 60416 

Wute Solvent Sy9tech &viromnenla1 11397 County Rold 176 
Coi:ponlion l'ullding, OH 4~1!7!1 

Off-Specific:alion Oiemical Wuto Mamgemmt Tndo Wute Incinenlor 
Plwmlceutical Subst1nco lf7 Mobile Av .nue 

Sauget, n. 6::20 l 
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6.J. Materials Disposed u Liquid in Holland, Mlchipn Plant 

010 

Aqueous e;!llissions are regulated by Michigan Minerals Wells Act, Safe Drinking 
Water Act, and the Resource Conservation PDd Recovery Act. Compliance with these 
statutes bas bee;n achieved by ob~ajning Underground lnjeclion Control permits from 
US EPA Mt-139-lW--0003, .M'I-139-lW-0004, PDd MI-139-IW-OOOS. For noncontact 
cooling wau:r discharges, NPDPS Pennit MI-0004715 bas bee;n granted. 1be permit 
numbers, authorizing agencies, P1ld other peninent infomlltion are Riso summari'Uld 
in Appendix .1. 

A storm water retention J>Ond is located in the llOUthwest comer of the Holland, 

Michigan site Imt to the Macatawa River. 1bis pond n:ceives swface nmoff from 
the west part of the site, except IUl 10ff from certain X"OOfs P1ld all secondary 
containment areas, which is sent to the chemical waste treatmcmt system. 1be nnlinM 
retention pond bas no outlet, but water leaves it through the soil. A cfts::i iption of the 
wastewater treatme<lt !l}'stem is provided in Appendix S. Water from this treatment 
system is disposed of by deepwe.ll !njei.'tion for which Permita MI-139-lW--0003, 
MI-139-lW--004, aad MI-139-lW-OOOS bavco been gmnted. 

1be Fosphenytoin sodb1m is received in blllk form from the Pam-Davis facility 

located in Holland, Michigan, and the following clwni<'Als with their CAS numbcn 
are nsed in the production of Fosphenytoin s.'>lntiom for iajection. 

6.4. Material DDposed of as Liquid - Rocbester, MJchipn 

Liquid wastes m cootPineriUld and transported at= on-site siorage to Drug & 
Laboratory Dispo.oal, Inc (D&L), lcqted in PIPinwe.11, Micmgan D&L is an EPA 
licensed Treatment and Disposal facility meeting the requiremmts of 40 CPR 
Part 265 and is a licensed Michigan Act 136 liquid Industrial Waste Hauler. D&L 
treats the waste as follows; the liquid waste is bulked and tieated by flocculation to 
remove all solids, tbt. ~ ,uids ue decanted P1ld sent to a liCl.'Oled fuel bleodcr for 

incineration. 
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6.5. Materials Disposed of into the Sewage Treatment System in 

Rochester, Midrlaan 

011 

For the Rochester, Michigan site, mixing tank residues and spent rinsate solutions 
CODtaining de minimis CODCCDtralions of Fosphmytoin S<V!inm will be discharged to 

the Detroit Wastewater Treatment PlanL Excess bulk Fospbmytoin solution will be 
containcri7.cd and placed into temporary storage in the bazudous waste stomge shed 
prior to transpott to a licensed hazaidous waste illciDmator for destruction. Excess 
buffer solutions will be neutraliud prior to disclwge into the sewer system. 1be 

application for the wastewater permit bas been submitted to Detroit Water and Sewage 
Department (DWSD). The pertinent information on the liquid emission permit is 

summarized in Appendix 6. Approval of this product will not exceed the limit for 
this permit. 

6.6. Materials Disposed of as Solid Waste lo Rochester, Michigan 

1be glass vials and ampoules used in the production of Fospbmytoin for injection 

may become solid wastes due to inspecrioo failures, QC failures, and stmility failures. 
Filled vials and ampoules which fail inspections and testing will be stored and 
scheduled for crushing. After crushing, the liquids are sepamted from the cmshed 
glass and containc!d7.ed. The se:parated liquids are sent off-site for incinemtion. The 

crushed glass is rinsed and then seat to a licmsed Class II landfill located in 
Michigan. The divmrioo of solid waste is nnder a registeled hazudous waste 

gcnemtor identification number, MID 005380126. Pertinent information of this 
registration is al:io snmmariud in Appendix 6. 

6. 7. Materials Disposed of as Hazardous Waste Materials in 
Rochester, Michigan 

Parke-Davis' Rochester facility is a registeied generator of huardous wastes. All 
solid and hazardous waste as.ooci•ted with production of Fospbenytoin sodinm 
Injection will be managed as hazardous waste utilizing a licensed waste hauler and 

disposal far.:ility (Drug and Laboratory Disponl, Inc). 1bis contractor is an BPA 
licensed treatment and disposal facility located at Plainwell, Michigan. There is no 
complianc:e issue reguding the generation, hanling, or disposal of this material. 
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Off-specification (including rejected) and excess Fosphenytoin sodium will be 

containerized and stored in the Haz.ardous Waste Storage Shed prior to transport to a 
licensed hazardous waste incinerator. Storage of this waste shall not exceed 90 days 
from initial placement in the storage shed. All waste shipments shall be properly 
manifested using Michigan Department of Natural Resources UnifOim Manifests. 
:Manifest copies will be kept and submitted as required by Michigan Public Act 64. 

6.8. Materials F.mittecl into tbe Air in Rochester, Michigan 

012 

Air-borne particulates may be generated during the fOimulation process, although such 
an occurrence is unUJcr:Jy. Bulk Fosphenytoin sodium powder is weighed-out in the 

Drug & Chemical Dispensing area prior to delivery to the bulk fOimulation room. 

The Drug & Chemical area is equipped with several in-line HEPA filtering systems 

capable of 99 % particulate removal efficiencies prior to discharge to the ambient 
atmJsphere. In the bulk fOimulation room, Fosphenytoin sndinm is added dim:tly to 
the injection solution containing; water for injection; buffet sn!ntioas; and 

trometbamine. The rewl.ting mixtim is agitated to completely mix the ingredients. 
The miTing occurs in an enclosed fomiulation tank, thus mjnimjzing potential air 

releases. Vapor pressures of all ingredients are very low and none are expected to 
vapori7.e during handHng and mi:ring. Nevertheless, application of air emission 

permit.s has been gmnted for HBPA filters in Drug and Chemical Dispensing and 

solution manufacturing areas. The numbers authorizing agencies, requirements, and 
other pertinent infomiation are mmmarized in Appendix 6. All employees working 

with Fosphenytoin Injection production will adhcte to Warner-Lambert's Safe 
Handling Guideline for Fosphenytoin sodium (Appendix 7) which require the use of 

personal protective equipment. Additionally, Tndumja! Hygiene monitoring will be 

conducted to verify that wmker exposures to all Fosphenytoin Injection ingredients 

are below Occupational Bxposure Guidelines (OBGs). 

6.9. Compliance With Regulatory Statues and Fmisc!on Standards 

The Holland, Michigan, Puke-Davis facility maintains compliance with the following 

fedenil, state, and 1ocail regulations. Tue in.crease in waste generation and emissions 
due tCI Fosphenytoin sodium production will be negligible and will not adversely 
impact our ability to comply with these rules. 
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Federal: Resource Conservation & Recovery Act (RCRA) 
P.mergency Planning & Collllllunity Right To Know Act (BPCRA) 
Hazardous Materials Transportation Act (HMTA) 
Superfund Amendments & Reauthorization Act (SARA) 
Clean Ait Act Amendments (CAAA) 
Clean Wala Act (CWA) 

State: MI PA 64 - Hazardous Waste Management Act 
MI PA 641 - Solid Waste Act 
MI PA 24S - Clean Water Act 
MI PA 348 - Clean Air Act 
MI PA 368 - Medical Waste Act 
MI PA 136 - Liquid Industrial Waste Act 

Local: Holland Chal1er Township Ordinance 106 
- Wastewater Discharge Regulations 
- These IUlcs cover the discharge of sanitary sewage from the Holland 

plant. 

013 

The Rochester facility has maintained substantial oompli•!!ct! with all of the above 
regulations, and production of Fospb.enytoin Iltjection will not advend.y affect cunent 
compliance status. In addition, the Rochester facility has dso ma;ntained substantial 
compliance with the following state and IDcal regulations: 

State: MI PA 307 - Environmental Response Act 
MI PA 478 - IaJdng Underground Storage Tanlc Act 

Local: City of Detroit Industrial Wastewater Disclmge OrdiDaDce 

Disclwges to the salritary sewer system ue eApCCted from mixing tank riJDSe wata, 
disposal of cleaning solutions, and discarding of excess buffer solutions. The 

quantitim and componems reacliing the waste water treatment plant ue oot &peCted 

to exceed effluent quality limiU as set by the City of R.ochester. All brdfer solutions 

will be neutralized prim to discharge, and only hot deiolli7.ed/distilled ·water is used as 
a cleaning agent. 1be City of Roe.bester regulates industrial disc:barges and ~ 

that industry monitor tZr effluent at least twict: per year to demonstJ:ate compliance. 
The Rochester facility has maintained compliance with this ordinanct;. 
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The Rochester waste water tmllment plant bas a maximum capacity of 2.S million 

gallons per day and is t B-rated plant utilizing an activated sludge process. The 

Rochester plant offers primary and secondary treatment, and disinfects by chlorination 
followed by dechlorination prior to discharge into the Clinton River. After June 1, 

1994, the City of Rochester will be sending its sanitary and industrial discharges to 

the City of Detroit's waste water treatment plant. The Detroit plant has a maximum 
capacity of 1.2 billion gallons per day and is c:unently receiving 800 million gallons 

per day. The Detroit waste water tmltment plant utilil.es an activated sludge process 

and offers primary and second3Iy treatment, and chlorination for disinfecdon prior to 

discharge into the Detroit River. 

Finished product waste is &pected to be generated. Crushed glass will be sent to an 

approved Class n landfill. The MDNR Solid Waste Division administen landfill 

compliance. Finished product liquids are sepantcd from crushed glass and are 
drummed and stored on-site pending transport to a liamsed bazmlous waste 

incinmtor. The waste finished product is regulated by MI PA 64 and also 
administered by the MDNR-Solid Waste Division as hazardous liquid waste. 

Puke-Davis Sterile Products bas been issued EPA Generator ID MID 005380126 as a 
generator of hazardous wastes. 

Applicable expoSUie and eDJission limits for the Rochester facility are shown in the 

Table below. 

6.10. Muim.um Espected &nftted Concentration 

Calculation of a maximum BBC is based on release of the Drug Substance uniformly 

within the US using the equation p~ted by the Pbannaceotical Manufactmers 
As.wciation in their guida!IN'l document for prqmation of environmental assessments 
and an estimatr(I fifth-year production of pounds of Posphenytoin sodium. 

ppm (in US environment) = lbs/year x (8.9 x 10-9) 
derived from ppm = (A)(B)(C}(D)(B)(P) 

where: 
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A = pounds produced divided by 1 year {fifth-year production estimate). 
B = 1 year by 36S divided days {length of year). 
c = 1 day-person divided by ISO gallons {avenge daily water use per 

person in US). 
D = 1 divided by 246,000,000 persons {population of US). 
E = 1 gallon divided by 8.34 pounds {weight of a gallon of water). 

F = 1, 000, 000 {conversion to parts per million). 

The maximum ell.'pOCled emitted concentmdon in the US is caknlated to be: 

ppm (m US environment) = 
ppb {in us environment) .. 

ppt {in US environment) = 

015 

Estimated environmemal concentrations and exposures as a result of drug product use. 

CaJcnlatiQllS were perfonned in order to esl'imate the worst-case concentration of 

Fosphenytoin that could possibly be pI = sent in the United Slates. The esl'imatc: 
assumes that all Fospbenyto.in IJtjection prodnced for sale in the US {based on 
fifth-year postapproval production esl'imates, _ lbs) will be admini:stered to 
patients and disposed of directly into sewage systems. 1bis c:a.tc:nlation overe.ctimares 
the environmental concentration of Fosphcnytoin wHum in at least 2 ways: (1) It 

assumes that all the Fospbenytoin prodnced will be sold and used by parir:nts, and that 
none will be left uusoJd, 11m1wl by patients, or will expire or be rewmed for disposal 

outside sewage treatment systems, and (2) It assumes that all of the Fosphenytoin 
sodium Injection administr:Rd to patimts will be excreted into sewage tre2tment 

systems. Patient metabolism will obviously reduce the quantity of Fosphenytoin 
sodium reaching the enviroumeut, as will discharge into piivate septic systems. 
Nonethe!CM, 46 parts per trillion is ca!rol•ted to be the •manmum• expected 
envlronmental concentration in the US following the estimate presented above. 

7. FATE OF EMlTI'ED SUBSTANCF.5 IN THE ENVIRONMENT 

Fosphenytoin sodium is 11 prodrug which is n:adily converted quantitatively to 

phenytoin {dilantin) by patients. Based on a review article on the metabolism of 
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phenytoin (Appendix 8), it is expcct.ed that Fospbenytoin sodium to be largeiy 

meiabolized to bydroxylated phenytoin. The major metabolite, S-(4-hydroxyphenyl)· 
S-phenylhydantoin (p-BPPB) excreted in urine,~ for 67% to 88% of 
administered dose. The other urinary m:tabolite is dihydrodiol phenytoin which only 
accounted for about 7% to 11,:; of the dose. Less than S'Jr. of the dose is expected to 

be excreted in urine as unchanged phenytoin. Acc:ordingl.y, data were developed on 
Fospbenytoin, phenytoin and p-hydroxyphenytoin (BPPH). 

1.1. HydrolysU or Fosphenytoin Sodium 

Hydrolytic stability: Hydrolysis of Fosphenytoin disodiwn bad been studied at 

various pBs and buffer concentrations by V. J. Stena (Appendix 9). The rate 

constant is COlltained in the table below: 

Effect of Buffer Concentration on the Rate of Hydrolysis of Fosphenytoin Sodium ai. 

Various pH Values" 

016 

Buffer Buffer Cone, M Apparent F'Ull-Onler Rate ....... at Zero Buffer 
Cuimnt (IC), X to4h•I Coac, X 1o4h·I 

Acelale 
pH3.9 0.025 SO.I 

o.os 50.7 
0.1 62.l 44.4 

Pbotph•te 
pH 6.S 0.02 13.4 

0.03 lS.2 
0.04 18.3 8.3 

pH7.4 0.01-0.04 2.~ 2.9 
pH 8.1 0.02-0.04 1.lb 1.1 

• "' - o.s, 1o•c. 
b No buffer calaly.u 

Studies of the hydrolysis of phenytoin was described in the Analytical Profiles c;f 
Drag Substances Volume 13, Page 429 (Appendix 10). Ahr tefluxing phenyt.oin in 
2.S N HCL for 7 hours, essentially complete recovery of starting material was 
obtained. Pbenytoin heated 24 hours at 170°C to 18"C in 20% NaOH(S N) gave 
82 'Jr. yield of diphenylglycine. St.ability study of phenytoin injection bad shown the 
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presence of dibenylbydantoic acid as a decomposition product along with 
dipbenylglyci!le. 

7.l. Dis.9ociation Constants 

The ionization constant (pKa) for Fosphenytoin sodium, pbenytoin md 

p-hydroxlphenytoin is listed below: 

Compound 

F~IOdium 

Pbmytom• 

HPPH 

6.2 ± 0.017 (D "' 3) 
8.31, 8.33 

8.22 

pKa 

• Reported in Amlytical Profile of Drug Subeta.._ Vol 13, P 426 (1984) (Appendix 10). 

The study report is provided as Appendix 11. 

Physico-Chemical Data Summary Table 

Fosphenytoin sodium 

Molecular Formula and Weight: C1~15N206P, 362.28 g/mole, free acid 
C1~13N206PN82, 406.24 g/molc, sodium salt 

Phenytoin 

Molmdar Fonnula and Weight: C15H1iN2~, 252.27 g/molc, free acid 
C1sH11N2~a. 274.25 g/molc, sodium salt 

Hydroxypbenytoin (HPPH) 
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Solutions of ~osnbenyroin sodium were mixed on a rotary wheel for 1 hour at 

24 rpm. Samples were filtered and quantified by HPLC yielding the following 

results. 

Buffer Syltm1 pH Solubility (m&/mL) F"malpH 
0.25 M Na~Oz 4.0 78.S 4.37 

s.o 140.2 6.39 
O.OSM?-1~4 6.0 148.7 7.04 

7.0 134.S 7.60 
8.0 137.2 B.SO 

O.OSMN~40, 9.0 141.3 9.:>S 
10.0 121.'i 10.28 

The complete test IqlOrt inch1ding the HPLC procechn-e, study site, and temperature 
is provided in Appelldix 12. 

018 

The water solubility of pbmytoin has been put-li~ in Analytical Profiles of Drug 

Substancn, edited by KLws Flory, Volume 13, Page 417 (1984). Informatbn 

prcscattld below for pbmytcin was :~ from this reforea:ie (Appendix 10). 

Information regarding buffer compositiou and final pB were oot available, however, 
the relatively low solubilities obwved suggest that the final pB values were similar to 

the pH of the buffers. 

pH Solubility (llllfmL) 

1.6 0.02 
4.4 0.;)2 

s.o 0.01 
S.9 0.02 
6.9 0.02 
8.0 0.01 
9.0 0.10 

10.0 0.96 
11.0 9.6 
12.0 96 
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Solubility: Solutions of Hydroxyphcnytoin were mixed on a rotary wheel for 1 hour 

at 24 rpm. Samples were filtemd and quantified by HPLC yielding the 

following results. 

The complete test report including HPLC method, study site, and tempetatuie is 

provided in Appendix 11. 

Buffer Syotem pH So!ub;..ty (mg/mL) 

O.OS M NlffiP04 4.0 0.013 
s.o 0.014 
6.0 0.014 

O.OS M N"2HP04 7.0 0.014 
7.S 0.016 
8.0 0.022 

O.OS M N"2B4~ 9.0 0.104 
10.0 1.19 

7.4. Partition Coefficient 

019 

Fosphcnytoin sot!jnm, phenytoin and hydroxypbenytoin were equilibrated with equal 

volumes of oelaDol and aqueous buffer. An internal standard, acetophenone, was 
added to each container and mixed on a rotary wheel for 30 minutes at 24 rpm. Bach 
phase was analp,ed by HPLC with the following results. 

Buffer Syltem Wa<X-> Wa<K-> 101CXow) Hydtoxypbtuytoiu POlpbeaytoin Pbmytoin 

O.OS M fbooph•te, pH 4.0 -1.10 2.48 1.96 

0.0~ M Plvwpb•te, pH 7 .4 -2.03 2.40 1.91 

O.OS M Bonte, pH 9.1 -3.06 1.34 0.82 

The complete test reports are provided as Appendices 11 and 12. 
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The vapor pressures of FosphenytOin sodium, phenytOin, and hydroxyphenytOin were 
determined following the procedures in FDA Environmental Assessment Technical 
Assistance Handbook Section 3.07. The gas saturation method was used for each 

compound, and for each compound the vapor pressure was determined to be less than 
1.3 x 10·5 Pa (1.0 x 10-7 toil'). The complete final report on the vapor pressure of 
FosphenytOin, Study Number 10320-0993-6129-740, Report Number 94-6-5318 is 

attached as Appendix 13. The complete final report on the vapor pressure of 
phenytoin, Study Number 10320-0394-6140-7 "'l, Report Number 94-6-5308 is 

attached as Appendix 14. Th6 complete final report on the vapor pressure of 

hyd."'Oxyphenytoin, Study Number 10320-0394-6144-740, Report Number 94-6-5307 is 

attached as Appendix IS. 

7.6. Sorption/Desorption 

The propensity for human drug substances to be tr..nsported from disposal sites is 

determined by factors contributing to their distribution, mobility, and persistenre in 
the environment. Partitioning between solid and aqueous phases influences mobility 

by controlling sorption and leaching rates. A measure of a compound's tendency to 

sorb and desorb readily can predict the ultimate disposition of residues as either 

bound to soil/sludge, or as fuely soluble matcrlal. 

FosphenytOin sodium, phenytoin, and hydroxyphenytoin were studied to determine 

their soiption and desorption prtll.erties following the FDA Environmental Assessment 
Technical Assistana: Handbook Section 3.08. Three soil types were used with both 

reagent water to mimic "soft• water, and 0.01 M Caeli to approximate "hard" water. 

For Fosphenytoin sodium, 11 a solution to soil ratio of S: 1, results showed that the 

mean percent sc~ for all 3 soil types ranged from 19.o,; to 42.4" in CaCI.i and 
from 8.68" to 29.9,; in magent water. When desorption was tested, none of the 

sorbed Fosphalytoin sodi11m could be removed from reagent water or CaCJ.i. This 

indicated that FosphenytOin sodium was strongly bound to the 3 types of soils tested, 

but the low desorption was probably due co rapid degtadation or.cun:ing in the 
sampl~. Since radiolabeled Fosphenytoin sodium was not aw.ilable for this study, 
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water and soil concenttations were determined by using HPLC with UV detection. 
The preliminary screening portion of the study demonstrated tllat minor differences in 
sorptlon o.:curred between reagent water and CaC12 solution for all 3 soil types. 

Results of the preliminary study are Sllill1l1ari7.e below. 

K.i K.,. 
Soil Type Ca~ w- CaC12 Water 

WubiqUm 6.29 9.60 972 1480 

Kuau 149 42.8 10100 2910 

Wi1C011oin 46.9 23.5 1450 727 

Washington soil: 461 sand, 47'5 silt, 7'5 clay, 1.1 '5 organic matter, pH 7.8, 

cation exchange capacity 23.6 mcq/100 g. 

10\!li sand, 47'5 silt, 43" clay, 2.5% organic matter, pH 5.5, 
cation exchange capacity 34.4 mcq/100 g. 

Wisconsi11 soil: 48\!li sand, 37\!li silt, 15" clay, s.5fi organic matter, pH 1.1, 
cation excliange capacity 17.2 meq/100 g. 

Consisten1 with the FDA Handbook, advanced isotbenn Wring was condm:ted with all 

:I soils ju t .oth water types, since binding at a 5:1 ratio would have demonstrated 

greater than 25" sorption. Due to the relatively high sorption obseived in the 

screening phase, solution to soil ratios of 50:1 and 100: 1 were used in the advanced 

isotherm ti' ..t (50:1 for Washington, 100:1 for Kansa• and Wisconsin). Results of the 

definitive test condlic:ted at concentntioas ranging from 50.7 to 3.02 mg/Lare 
summariz.ed below. 

Soil Type 

U:INDA1Cl-982\RE0332RA.BA2 
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1.25 
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Re..~ults of the definitive test conducted at concenttations ranging from 49 .4 to 

3.80 mg/Lin 0.01 M CaC12 are summari7.ed below. 

Soil Type K.i K.,. D .;: 
Wubington 23.1 3,570 1.85 0.866 

Kanas 31S 21,400 1.99 0.99S 
Wjpmsin Sl.2 1,SBO 71.7S 0.941 

~comp~ final report on the SOiption/desotption of Fosphenytoin sndjnm, Study 
Number 10320-0993-6128-710, Report Number 94-6-5352 is attached as 

Appendix 16. 

022 

For phenytoin, the •. me testing was pei:formed using soils from the same lots. Al a 

solution to soil ratio of 5:1, IeSUlts showed that the mean percent sorbed for all 3 soil 

types ni.nged from 10.1" to 43.0" in CaCI.i and from 2.04" to 45.0'5 in reagent 

water. When desoiption was tested, 51.6 to 87.4" and 63.4 to 100" of the sorbed 
phenytoin could be removed from reagent water and ea~. respectively. This 
indic.itcd that phenytoin was only slightly bound to the 3 types of soils tested. 1be 
preliminary screening poition of the lltlldy clmnomtiated that no significant diffemice 

in soiption occuned between reagent water and CaCI.i solution for all 3 soil types. 

Results of the preliminary lltlldy are snmmarimd below. 

K.i K,,. 
Soil Type Ca~ Waler eaa, Waler 
WubiDgtan 0.604 0.303 93.3 46.8 

Kamu 1.16 1.01 78.S 68.8 
w;..,..,.m 3.61 3.41 112 !OS 

Consist.cot with the FDA Handbook, advanced isothenn testing was only conducted 
with the Wiscozuin soil in Ca<:li since desotption was greater than 75 '5 for the other 
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2 soils. Results of the definitive test conducted at concentrations ranging from 10 to 

0.6 mg/Lare summari7.ed below. 

Soil Type K.i Koc D fl 
Washington NA NA NA NA 
Kamas NA NA NA NA 
W"uc:oalin 3.46 107 1.0ti 0.996 

The complete final report on the SOiption/desotption of pbenytoin sodium, Study 
Number 10320-0394-6141-710, Report Number 94-6-5314 is attached as 
Appendix 17. 

023 

For hydroxyphenytoin, the same testing was ped"ormed using the soil from the same 
lots. At a solution to soil ratio of 5:1, results showed that the mean percent sorbed 

for all 3 soil types ranged from 13. 7$ to 53.3" in C.aeli and from 3.54 to 43.8 '5 in 
reagent water. When desorption was teated, 45.S'lli to 61.2'lli and 30.S'lli to 100'5 of 
the SOibed hydroxyphmytoin could be removed from reagent water and C.aCi, 
respectivel~ 'Ibis indicated that hydroxyphmytoin was only slightly bound to the 

3 types of soili tested. The preljminaiy screening portion of the study demon..~ 
that no significant difference in SOiption ocamed between reagent water and 
CaC~ solution for all 3 soil types. Results of the prelimiDuy study are snmmarj?M 

below. 

K.i K.,. 
Soil Type Ca~ Water Ca~ WU« 
W..mn,taa 0.851 0.487 131 75.3 

KalllU 1.92 l.~ 130 142 
Will"O'!ejn 4.81 3.SS 149 110 

CQnsjW!nf with the FDA HandJviok, advanced iaothenn testing was only conducted 

with the Kansas and Wisconsin soi!s in CaC12 since desorption was greater than 7S '5 
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for the other soil. Results of the definitive test conducted at concentrations ranging 
from 1.2 to 0.08 mg/Lare summariud below. 

Soll Type K,i IC,,. D r1 
Washingtan NA NA NA NA 
Kmaa l.IS 124 1.2D o.m 
WiKcaain 3.33 103 1.1!1 0.998 

Tite complete final n:port on the &01pti.onldesorption of hydroxypbcnytoin, Study 
Number 10320-0394-6145-710, Report Number 94-5-5286 is attached as 
Appendix 18. 

7. 7. Photolysis 

Fosphenytoin soclinm was studied to drtennine ita potelltial for photolysis following 
the FDA Environmental Aswsmeztt Techniciil A•si~ Handbook Section 3.10. 
Photolysis as a pathway for degradation a·n be important from an cnviroomental 
perspective since most phannaceuticals will enter the cmvi.-nnment in a dissolved 
form, whether from disclwge from the site of production or from patic:nt use. 
Photolysis occurs when a dissolved compound ablOlbs light and degrades through 

energy transfer. 

024 

Photolysis was investigated al 3 pHs, 5.0, 7.0, and 9.0 for a 30-day period. Results 
demonstrated that Fospbenytoin sndjnm i~ rcla!i.vcly resistant to photolym. The 

half-lives were determined w be 112 days 11 pB 5, 193days11 pH 7, and 86 days 11 
pH 9. Correlation coefficieuts ranged from 0.586 to 0.654 and are consistent with 
half lives 3 to 6 times longer than the experimental period. These data indicat.c, that 

photolysis in aqueous solution is i10t a primary removal mtdianism for Fosphenytoin 
sodium in the environment. 
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The complete final report on the photodegmdation of Fosphenytoin sodium, Study 

Number 10320-0394-6138-720, Report Number 94-6-5328 is attached as 
Appendix 19. 

7.8. Biodegradation in Water 

Biodegradation is a process by which organic chemicals may be significantly reduced 

in their structural complexity in the environment through biological means. 
Knowledge of the potential for biodegradation of a chemical is often crittcal in the 

assessment of environmental exposure and impact of the chemical. 1be objective of 
the study was to determine the potential for biodegradation of Fosphenytoin sodium 
under standard labotatory conditions. 'Ibe biodegndation studies were conducted 

according to modified methods and procedures based in part on the information 

published in the FDA Technical Assistance Handbook, Section 3.11. 

A~robic biodegradation studies in water were performed with Fosphenytoin sodium, 

[14C..)>henytoin and (14C]hydroxyphenytoin. Test flasks were incubated It 22°C in 
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the dark to minimi:r.e the potential for photolysis, and inocuJated with a bacterial 
population obtained from a publicly owned sewage treatment plant. The study design 
was a batch activated s'11dge simulation in which activated sludge was m:noved from a 
local waste water treatment worla and used in a concenttation similar to that found in 

most treat. ,wet plants, 3,000 mg solids per liter of solution. ('lbc study design 
recommended in the haDdbook is based on a solids concentrations several orders of 
magnitude lower). The studies were conducted in tripllcasr: with glm:ose as a positive 

reference c:nntrol, and negative blank controls. The quantity of carbon dioxide 
(14CQV released as a result of microbial degradation in the sludge/water was 
measured. HPLC m.eamrements were pelfmmed periodiclllly to determine whether 

paltial degradation of Fos:>henytoin sodium, bad occurred. 

From the Fosphenytoin sodium flasks, the cumulative C~ collected over 28 days was 
negligible relative to the~ initially applied. Volatile organic products also were 

not detected from these flasks. From the glucose flasks, greater than 609' of the 

dosed radioactivity was collec:ted as C~. While these results showed no evidence for 

the complete biodegtadation of Fosphenytoin sodium to CIIbon dioxide, analysis of 
the test solutions containing Fosphenytoin sodium were performed using BPLC 
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throughout tbe study. Results of these analyses indicated complete bioO'ansfor:mation 
to phenytoin occurred in the first day. 

1be complete final report on the aerobic aquatic biodegradation of Fosphenytoin 
sodium, Study Number 10320-1093-6136-731, Report Number 94-6-S349 is anach~ 

as Appendix 20. 

From the [14C]phenytoin flasks, the cumulative 14CC>i collected over 42 days was 
r.ogligible relative to the dose initiaJJy applied. 14C-volatile organic products also 

were not detected from these flasks. From the 14C-glucose flasks, greater than 60$ 
of the dosed radioactivity was collected as 14CC>i. Analysis of the teSt solutions 
containing [14C]phenytoin were perfolDlcd using HPI.C-RAM throughout the study 
and indicated that no chemical conversion occurred during the study. 

1be complete final report on the aerobic aquatic biodegradation of phenytoin, Study 
Number 10320-0394-6142-731, Report Number 94-6-5337 is attached as 

Appendix 21. 

026 

From the [14C]hydroxyphenytoin fia.sb, the cumulative 14CC>i collected over 42 days 
was approximately 10$ of the dose initially applied. 14C-Volatile cnganic products 
were not detected from these flasks. From the 14C-glucose flasks, greater than 60$ 

of the dosed radioactivity was collectrd as 14CC>i. 'Ibese results demonstrated 

conclusively that the complete biodegl:adation of [14C]hydroxyphenytoin to carl>on 

dioxide can occur using organisms commonly found in publicly owned treatment 
plants. However, this bioclqradalion is not rapid. Analysis of the test solutions 
containing [14C]hydroxypbmytoin we.re performed using HPLC-RAM throughout the 

study and indicated that approximately 30'5 of the applied test substance bad degraded 

to more polar products. 'l111is cbancterization of polarity was made by comparison of 
HPI.C P.tmtion times. 

1be complete final rqlOrt c1n th= aerobic aquatic biodegradation of hydroxyphenytoin, 
Study Number 10320.0394-6146-731, l~ Number 94-6-5323 is attached as 
Appendix 22. 
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The environmental distribution of Fosphenytoin sodium should plac:e in the aquatic 

phase. The low vapor pressure demonstrates that the atmospheric companment will 
not be significantly affected by release of Fosphenytoin. With the extremely low 
solids level of sewage treatment plants, Fosphenytoin and its degradation products 

027 

will be pmsent primarily in the hydraulic phase. The ultimate fate of Fospbenytoin is 
detennined in part by the metabolism in patients and the biodegradation in water. 

Metabolism data indicates that Fosphenytoin is completely modified by patients to the 

hydroxy derivative, hydroxyphenytoin. Biodegradation data shows that 

hydroxyphenytoin will easily liegrade when exposed to common bacteria indigenous to 

sewage treatment plants. 'Ibmefore, fosphenytoin and its degradation products will 
not persist in the environment. 

8. ENVIRONMENTAL EFFECTS OF RELEASED SUBSTANCFS 

Production, use and discharge of Fosphenytoin sndium into the environment will pose 
no adverse effect on humans, animals, plants or eavinmmcntJJJ.y significant 

oigamsnu.. All organisms tested indiaited that no threat to any of them BR' possible 
at concentrations at or near those caJcnlated to occur upon approval of this NDA. 

As a measme of the tMicity of any chemical, the determination of the lowest 
concentration that inhibits microbial growth is import'1Dt because of possible 
ramifications if that concentration is exceeded in the eavimnmeDt. 1bree microbial 
growth inh.ibition studies were conducted according to die methods and pnx:edures 

pub!ishe<l in the FDA Trdmical Auistance Handbook, Section 4.02. The microbial 
inhibitmy concentrations (MIC1) of Fospllcnytoin sodium, phenytoin and 

hydroxyphenytoin were ddmnin!'11 for each of S species. For all 3 compounds, 

preliminary tests using concerurmons of 0.1 to 1000 ppm (0.1 mg/L to 1000 mg/L) 

showed no effects to all S species invcstigattd at all coDCelltrations testro including 

1000 mglL. Based on the results of thti preliminary exposure, definitive lc$tS were 
not conducted. The MICs reported were defined as the lowest concentrations of the&: 
materials that completely inhibited the growth of the test oigallism. 
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Specits 

Npaiillus niter 
Tridwdenna Wide 
ao.andium pafrin1av 

Bad"•" mblilis 
Noaoc 

25 

Fosphenytoin MC (mc/L) 

>1000 

>1000 

>1000 

>1000 
>1000 

The complete final report on the microbial growth inhibition of Fosphenytoin sodium, 
Study Number 10320-0S94-61SS-no, Report Number 94-6-5293 is attached as 
Appendix 23. 

Specits 

Npaiilbu niter 
1'rldiodama Wide 

CloaTidJum pa/rintt!M 
Badlhcr subt:iJi.r 

FbmJtain MC (mc/L) 

>1000 

>1000 

>1000 

>1000 

>1000 

The complete final report on the microbial growth inhibition of phenytoin, Study 
Number 10320-0594-6156-nO, Report Number 94-6-5294 is attached as 
Appendix 24. 

SpecifS ll)dtliX)jJbeiqlllln MC (mc/L) 
~~~~-..... ~~~~~~......;.~_;..;.~ 

..V,-,11111.r nJter > 1000 

1'rldiodama WMk > 1000 

CloaTidJum pofrlntav > 1000 

NO#OC 
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The complete final report on the microbial growth inhibition of hydroxypbenytoin, 
Study Number 10320-0S94-61S7-nO, Report Number 94-6-S29S is attached as 
Appendix 25. 

The acute toxicities (concentration at which SO% of the orr.."'nisms are affected or 
ECso> of Fospbenytoin sodium, phenytoin and hydroxyphenytoin to Daphnia magna 
(,1 freshwater invertebrate), were investigated. 1bis organism is often tested and 

considered to be 1 of the most le"•irive aquatic species available for stanaardized 
aquatic studies. The no observed effect concentration (NOEC) was cfetennined as 

well as the EC50• 1be NOEC is defined as the highest concentration at or below 
which thcte was no toxicant-rdated immol>ilizarinu, or physical or behavioral 

abnonnalities when compared to the control The study was conducted acc:ording to 
the methods and procedures published in the FDA Technial Aa.~iml!O" Handbook, 

Section 4.08. 

During the Daphnia magna acute toxicity study with Fosphenyt.oin sodjnm, 

immobi1inrion or subleth:d effects were observed among c!aphnids exposed to several 

of the measured concentrations (0% at 23, 48 and 94 mg/L, 10'5 at 190 mg/L, 75'5 
at 380 mg/L, and 100% at 7t$J mg/L) following 24-hours of exposure. After 

48-hours' exposure, 75% were immobiliz.ed at 190 mg/L, 95% at 380 mg/L, and 

100'5 at the highest conc:eattation, 7t$J mg/L. No immobilization was observed at 
lower concentrations or in the control solations (some emdc behavior was noted at 
94 mg/L). The outcome of the study wu a ai!adated 48-hour BCso for c!aphnids 

exposed to Fosphenytoin of 170 mg/L. The 48-hour NOEC for this study was 
determined to be 48 mg/L. 

1be complete final report on the Daphnio magna Static Acute Toxicity of 

Fospbenytoin sodium, Study Number 10320-05~154-110, Report 
Number 94--S-5273 is attached as Appendix 26. 

During the Daphnia magna acute toxicity study with phcllytoin, no immobiUnrion or 

sublethal effects were observed among daphnici.1 exposed to uy of the measured 

concentrations (39, 23, 14, 8.3, and 4.9 mg/L~ ~'>llowing 24-hours of~· The 
functional limit cf solubility in the hardeued freshwater used for this study was 
39 mg/L, determined by stirring a saturared solution of pbmytoin for 24 hours. After 
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48-hours' exposure, 20% were immobilized at the highest concentration, 39 mg/L. 

No immobilization was observed at lower concentrations or in either the solvent 
control or the control solutions. The outcome of tne study was a calodatect 48-hour 
ECso for daphnids exposed to phenytoin of greatcr than 39 mg/L. The 48-hour 
NOEC for phenytoin was detennined to be 23 mg/L. 

The complete final report on the Daphnia magn.a Static Acute Toxicity of phenytoin, 
Study Number 10320-0993-6134-110, Report Number 94-6-5321 is attached as 
Appendix 27. 

030 

During the Daphnia magna acute toxicity study with hydroxyphenytoin, no 

immobili7.ation or subJetha! effects were observed among daphnU!s exposed to any of 
the measured conc:mtration (2&, 17, 10, 6.2, and 3.6 mg/L) following 24-houn of 
exposure. The functional limit of solubility in t!lc haxdened freshwater used for this 
study was 28 mg/L, detcnninrd by stirring a salurated solution of hydroxyphenytoin 
for 24 hOUIS. Aft.er 48-hours' exposure, no immobi1izatiou was observed at any 

concentration or in either the solvent contxol or the control solutions. The outcome of 

the study was a ca1odated 48-hour ECso for daphnids exposed to hydroxyphenytoin of 

greater than 28 mg/L. The 48-hour NOEC for hydroxypheoytoin was dderminrd to 
be 28 mg/L. 

The complete final report on the Daphnia magn.a Static Acute Toxicity of 
hydroxyphenytoin, Study Number 10320-0494-6153-110, Report Number 94-5-5271 is 
attached as Appendix 28. 

The nmowest mugin of safety for Fosphenytoin sodium is based on the NOEC fuf 
Daphnia magna (the most aensitive species tested) and is c:alr.ulaied by dividing ...-........... "'""'.....,.. 48 mg/L by,_ (the mjm=- e•1iec:tec1 c:oncentration based on 
distribution of all Fospbalytoin over the entire United States). This caJcularion 

results in a safety mugin of 1,067,000. Similar safety margins for phenytoin and 

hydroxyphenytoin uaing the NOBCa dcmmiW'd ~· The safety 
margin for pbenytoin is 500,000 and for hydroxypbenytoin, 609,000. 

Based on the documented rapid degradation pathways and the large safety margins 

(greater than 100,000), Fc;;phenytoin sodium has been shown to have no effect on the 
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extemal aquatic environment. Fosphenytoin sodium was shown to degrade in water 
with a half life of less than 1 day under microbially populated conditions similar to 

those seen in wastewater treatment plants. 1bis clearly demonsuatcs that 

Fosphenytoin snd»un will not persist in the envUonment. Furtbennore, Fosphenytoin 
sodium was shown to have no effect on a wide variety of micioo1gaoisms at 

conccntntions as high as 1000 mg/L. Tbc Leso to Dapbnia magna was determined 
to be 170 mg/L and the no observed effect conc:entntion was cala•btecf to be 

48 mg/L. This lowest risk concent:ratbn is more than 1,000,000 times higher than 
that which would occur if all the produced Fosphenytoin were used and clischatged 
over the entire Unitecf States. 

Metabolism data produced by Parlee-Davis jrvHcatt!.C that the entiie quantity of 
Fosphenytoin sodium taken by patients is excreted as hydroxypbmytoin. 

Hydroxyphenytoin has been proven to biodegrade to more polar compounds and 
ultimately to cubon dimidc. Furthermore, DO toxicity was observed for 
hydruxyphenytoin at the limit of solubility. Therefore, degradation pathways were 
determined for the parent drug submnce Fnsphrnytoin, and the ultimately discharged 

metabolite, hydroxyphenytoin. Tbc intermediate in dqp'adarion, phenytoin, which is 

fonned in vivo tnin•iently, was not obaerved to degrade under the labot2lory 

conditions employed. Nonetheless, no environmental. effects weic obaerved at 

concentrations within 100,000-fold of the predicted environmental concentration. 

9. USE OF RFSOURCFS AND ENERGY 

In 1993, the Holland, Michigan llJ.UIUfactming site used 19,643,113 kilowatts of 
electricity and 34.62 x 1010 BTU of steam to produce 1,085,153 kg cf drug 

substmces. lbtdifth--year produ;:tion estimate for Fosphi!nytoin is pounds 
(11,253 kg) and xqn:sents an ir.c:rease of 1.04,;, on 11 q basis. 

The production of Fosphenytoin sodium represents Jes,.d'11a&-0f the total 
pham.aceutical production at the Rochester facility. The pxopoaed action will not 
alter land use since production will tab place on pmiiiw cmreatly owned by 

Parke-Davis and utilized for the manufacture of phaxmaceutical products. 1be use of 

natural l'CSIJIJl'CCS and energy for the manuf'actlm of Fospbenytoin sodium is 0.1 "' of 
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the present total plant usage and can bl-. accomm!ldated by the existing infnlstructure. 
The Rochester facility generates its own eleclricity via a gas-fired twbine. In 1993, 
the total natural gas use was 46S,098 billion cubic feet and~ increase in 
consumption due specifically to the production of Fosphenytoin lltjection is estimatrd 

to be less than 1 '6. 

032 

No impact will occur to endangered or tlueatened species. Since this activity does not 
involve the alteration, demolition, or construction of b11i1ding or arth projects, 

approval will have no impact on property listed in the Naticlnal Register of Bistoric 
Places. 

10. l\llTIGATION MEASURF.S 

The following measures ate taken to prevent potential adverse environmeatal impacts: 

• Use of MDNR permitted air purifying equipment to prevent air emissions from 
~ing established Federal and State levels; 

• Disposal of neutralir.ed buffer solutions and washlri.'lle water into the City of 

Rochest.er muoicipal sewer syst.em which is treated by their tertiary wastewater 
treatment facility; 

• Disposal of CIUshed glass wastes into a MDNR liccused Class n landfill; 

• DestJ:uction of all solid waste Fosphenytoin in a ll..::ensed bazudous waste 

incinerator; 

• Material Safety Data Sheets for hazanlous or potaltially hazudous materials aie 

made available to employees of Pam-Davis Company. These documenta provide 
information on potential bazanls, penonal protective equjpment, safe handling 

practices, and emergency procedures. Additionally, P:ub-Davis distribW3 Safe 
BandUng Guidelines for all new pharmaceut.4cals which describes the precautions 
which must be taken when handling these compounds. 
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Parlee-Davis bas a comprehensive occupational health and safety program. This 
include& conducting preplacement physical examinations of employees and periodic 

health surveillance examinations of all employees in manufacturing areas. 
Additionally, the company operates a health clinic to address any employee illness 
and/or injury occurring during the work: day. The above procechues will serve to 

monitor employees fl'l' the development of conditions attributable to exposure. 

033 

The Rochester facility bas an established Emergency Response Plan and Spill 
Prevention, Control & Countermeasme Pb.a and bas conducted employee training in 
these procechues to effectively control ar.d respond to re)Q.ses of haz.ardous materials. 
Spill control stations equipped with absorbent materials and personnel protective 
equipment are located throughout the facility. A facility-wide Waste Management 
Plan has also been t>repared and employees trained on their respective reaponsibilities. 
The Waste Management Plan include& procedures for huaxdous, nonhazardous, 
pathological, flammable, and liquid industrial waste handling. 

11. ALTERNATIVES TO THE PROPOSED ACTION 

Based on the data summariz.ed in this environmental assesmnent, the proposed action 
will have no impact on the mvironment. One alternative to the proposed action (drug 
approval) is no action by FDA. 'Ibis will deprive humanity of potentiaJJy beneficial 
theiapy, and also will have no impact on the environment. 

12. LIST OF PREPARERS OF THE ENVIRONMENTAL ASSF.8SMENT 

Thr following is a list of penoas and respcc:tive qualificaticons, that participated in 
pre';aiation of this Environmental Assessmeut document. Springboro Laboratories, 
Inc, was utilized as the consultant in the completion of this document. 

M. K. Lemon ClIMM Environmental Engineer 
BS - Environmental Sciences 
Certified Ha7.ardoos Materials Manager 
Professional Experience - 13 years 
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A. Sommers Industrial Hygienist 
MS - Occupational Health & Safety 
Professional Experience - 3 years 

M. Nickolaus Senior Associate Scientist 
- Technical Services 

P. Fackler 

T. Bauer 

BS - Management 
Professional Experience - 24 YW'I 

Diiector, .:2nviromnenta1 Chemistry 
PhD - Analytical Chemistry 
Professional Bxperimoe - 16 years 

Bnvironmental Manager, 
B. S. Chemical Bngineerlng 
Professional Bxperimoe - 15 years 

Curricula vitae for these individuals aIC attached as Appendix 29. 
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The undersigned official ccnifics that the information presented is true, accurate, and 
complete to the best of his knowledge for the preparation of the environmental 
assessment. 

Date: November 29, 1994 

Signamre: Scan Brcmian 

Titlc: Senior Dim:tor, Worldwide Regulatory Affairs 
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(a) Data Summacy Tables 

1. Structural Fonnula: 

34 

~Yo o 
..--N, u e e 

~-O-P-0 • 2 Na 
be 

Chemical Names: 5,5-Dipbenyl-3-[(phosphonooxy)methyl]-2,4-imida:rolidintdione 
disndium salt 

CAS Registry Number 92134-98-0 

Synonym Names: Ceiebyx9 
Fosphenytoin sodium (USAN) 

2. Vapor Pn:ssute: 

U:\NDAICl-982\RECJ332RA.BA2 

x.- tbim. 1.3 x 103 puc11 o.o x 1cr7 torr) 

x.- tbim. 1.3 x 1cr5 puc11 c1.o x 1cr7 torr) 

i- tbim. 1.3 x 1cr5 puc11 c1.o x 1cr7 torr) 
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3. Ultraviolet Spcctta 

~ 

2.e 

I. 8 

I. 6 

ii!l.4 
~ 

e l.2 
0 

51. B 
..0 
c.e.a 
0 • ..oB. 6 
a: 

B.4 

2BB 22B 

3S 

24B 26B 2BB 3BB 
Havel•nR~h<nm> 

32B 34B 

FIGURE 1. Ultraviolet Spectrum of Pospbenytoin Reference Standard n in Water 
(0.016S mg/mL) 

I • 
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••• 
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• .11a.• 
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:a.1 
la.z 
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FIGURE 2. Ultraviolet Spectrum of Fospbcnytoin Reference Standard n in 
Methanol, (0.016S mg/mL) 
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4. Water Solubility: 

Fosphenytoill Scidi.111111 

0.05 M NazHP04 

O.OS M Naz84~ 

Pbenytoin 

... 

Hydroxypbenytoin (BPPB) 

O.OSMN~4 

O.OS M Nazl'4~ 
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pH Solubility C!l!f/mL> FuulpH 
4.0 18.5 4.37 
s.o 1..0.2 6.39 

6.0 1"8.7 7.04 
7.0 134.S 7.60 
8.0 137.2 8.SO 

9.0 141.3 9.3S 
10.0 Ul.7 10.28 

pH Soll!bility <!!f{mL> 
1.6 0.02 
4.4 0.02 
s.o 0.01 
S.9 Q.02 
6.9 0.02 
8.0 0.01 
9.0 0.10 

10.0 0.96 
11.0 9.6 
12.0 96 

pH Solubility (ma/DIL) 

4.0 
s.o 
6.0 
7.0 
1.S 
8.0 
9.0 

10.0 

0.013 
0.014 
0.014 
0.1114 
0.016 
0.022 
0.104 
l.19 



Fosphenytoin Sodium 
Injection ~ . 

5. Partition Coefficient: 

Buffer Syatem. 
Hycboxypbmytoin 

0.05 M fhotph11e, pH 4.0 

0.05 M Pboopbale, pH 7.4 

O.OS M Bonte, pH 9.1 

6. Soxption!Desorption: 

37 

loa<K-) 
FOlpbeayloin 

-1.10 

-2.03 

-3.06 

lo&<Kow) logcx_) PbmytaiD. 

2.48 1.96 

2.40 1.91 

1.34 0.82 

For Fosphenytoin sodium at concentrations rmte from 50.7 to 3.02 mg/L. 

Soil Type K.t 'IC,,. 
~~~~~~~~~-

W ubingtan 11.8 11:.ZO 

Kamu 43.2 ~.940 

Wi1MD1 in 6.10 188 

D 

1.25 

1.59 

0.953 

0.997 

0.976 

0.801 

Results at concentrations ranging from 49.4 to 3.8 mg/L in 0.0/M CaC12 

Soil Type KJ K.,. D ;. 
Wubiagtun 23.1 3,570 1.BS 0.866 
Kamu 315 21,4''.lO 1.99 0.995 

Wl*'""sjn Sl.2 1,S80 ?1.7S 0.941 

For phenytoin, advmct:d isothcm1 testing was only conducted at concentrations 
ranging from 10 to 0.6 mg/L with the Wisconsin soil in CaC)z since desorption wu 
greater than 75 % for the other '. l soils. 
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Soil Type Kd Ko., D 
,,, 

WubingtOD NA N,\.. NA NA 
IC... NA NA NA NA 
Wironsin 3.46 107 1.06 0.996 

For Hydroxyphenytoin, advanced isotbmm testing was conducted with Kansas and 

Wisconsin soils at concentrations ranging from 1.2 to 0.08 mg/Lin Ca~ sinc.c 
desoiption was gICater than 7S '6 for the Wasbhlgton soil. 

Soil Type 

WulUngtcn 

IC... 

WllCO"•" 

1. Photolysis: 

TJ:INDAICI-982\REG332ItA.EA2 

x. 
NA 
1.85 

3.33 

NA 
124 
103 

D 

NA 
1.20 

1.19 

PblJtolysis for Fosphenytoin Sodium 

s.o 
7.0 

9.0 

112 

193 

86 

NA 
0.993 

0.998 
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8. Toxicology Studies of Fosphenytoin Sodium 

Tabular Summary of Toxicology Studies 
(Page 1 of 19) 

Specieo (Stnin) Route 
Remllo 

Sllldy Repact 

Sn/Oroup, Tot.I (DOM Volame) l>ooo (me/kl) 
(me/kl) 

Lab NDA Locllioa 
Ap 0:....Vlllion Period P""l'h...,IDID" Pheaytoia' 

RR Nwr.ber 
Volame Pap 

AC1lte TosldtJ Stadi. 
Moaoo (CtH) IV lnlboion° SAL Fosphea;plllla0 ACC 74S-01722 1.12 114 
SM+ ~P. 120 (20 rrd.Jkl°I' Ve" NOBD •33.3 
6Weob 14 De}·• 33.3 33 MNLD •63.3 

63.3 6l MLD • IS6 
120 120 l'llea,tola 
230 233 NOBD •ND 
433 440 MNLD • 63 

MLD • 192 

Rot (SD) IV Bolu1 SAL FOll"heDJIOIA" ACC 74S-01726 1.12 147 
SM+ SP, 120 (IOmLJqf VCI VC NOBD •SO 
7Weeb 14 Day1 so 4S MNLD • 153 

73.3 6S MLD • 213 
107 9S l'llea,tola 
IS3 14S NOBD •ND 
233 210 MNLD • 45 
333 300 MLD • !I0.4 

Abbrmaliom an de&ned on Pap 19 of lho Tlhulor Sammary. 
• l>ooo expseuod u lllillipaml!dlopam phenytoin equiYolealo. Approxlmato fotphenymin dole can bo dem.ed hy multiplyin1 the phenytoin .... ivllent dooe 

hy l.S. 
• Phenytoin Sodium lqjeclion, USP; vehicle • 40!5 ptopylene pycol wt 10!5 llcohol, pH adjulled lo 12. 
• Daralioa of inlboioa - 30 aliaala. 
• l'olpbenytoln dooin1 10lutioa eonccftlnliona ransed from 2.SO lo 32.S msfmL. PhenylDin dolin& ooludon concentradono ran&ed &om I .6S lo 22.0 mslmL. 
• Vddcle • 1-arpniae HCI, pH oc!julled lo I.I. 
1 l'olpbenytoin dooin1 IOlalion concealralionl ran&ed froao ~ .S lo SO msfmL. Phenytoin dolin1 10lulion concenlradono ran1ed &om 4.SO lo 30.0 ma/ml... 
I Vehicle • Tm bull'er, pH adjulled lo I.I. 
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I Specieo (Slnin) Route 
Sex/Group, Tolal (DOM Volu-) 
Ap Obouvalioa Period 

Ante ToxlcltJ Studies (eondmed) 
Rot (SD) IV ln6alioa• 
SM + SP, 130 (10 mLJqf 
7Weeb 14Daya 

Rot (SD) 
SM +SP, tlO 
4Weeb 

IV laftisioa• 
(10 mLJtti 

14 Dayo 

Tabular Summary of Toxicology Studies 
(Page 2 of 19) 

o-cma11<1> 
Polpbeaytoln" Pheaytoin. 

SAL 
SOI 
73.3 

107 
153 
233 
333 

SAL 
VC" 
33.3 
63.l 

120 
230 
433 

4S 
65 
9S 

14S 
210 
300 

33 
63 

120 
233 
440 

R-118 
(ms/kl) 

.........., ....... 
NOBD •ND 
MNLD • 153 
MLD • 242 ,._,. 
NOBD •ND 
MNLD •210 
MLD -~ 

....,...,... 
NOBD • 33.3 
MNLD • 120 
MLD • 251 ... , ...... 
NOBD • 33 
MNLD • 120 
MUI • 2'7 

...... 

ACC 

ACC 

AblmMalionl are defined OD Pap 19 ofdle TabuluSummuy. 

Sllldy lleport 

NOA Loellion 
RR. Numbt" vo1u- Pap 

745-01727 1.12 110 

74S-0172S 1.12 214 

• Dole expr 1 u millipam/kjlopmn phenylllin equivalcnll. Approia- foaphenylllin dooe can be derived by mulliplyin1 lhe j>henylllin equivalent doae 
by l.S. 

• l'MnJtoiD Sodium lnjedion, USP; vehicle • 40S propylene sJycol and IDS alcohol, pH adjulted lo 12. 
• Danlion of infiaoioa - 30 minufeo. 
• Vclilcle - 1-upoino HC!, pH adjull!cd 1o a.a. 
f F.. ........ )'loin dooin1 ooladon _....,,. nn1cd from 7.S lo SO m&fmL. Pbeaytoln dooina IOlution ~ nnscd &om 4.SO lo 30.0 msfmL. 
I Vclilcle • Trio bull"ec, pH lldjulfed lo I.I. 
• l!"i='h; .... -w ""'be cllcoli.ded ....... Mcmna A-...ap llllapOlation i>r Plablt Anolyw Method. 
I Po1j1hu1ytoin dooina oolalion eoneeaibadono r...,...t &em S.O lo 65 ms/ml.. l'lw:iq...., dooina oolution eoncealnliono nnpd from 3.3 lo 44 msfmL. 
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Speciel (Slnin) Route 
Su/Group, Toe.I (Dole Vola-) 
Ap Oblorvatioa Period 

AC1de TodcftJ Studlel (CCllllimled) 

Rat (SD) IM 
3M + 3P, 72 (5 mlJkpl.k 
7 Weeb 14 Dq1 

Rat (SD) IP 
SM+ SP, 160 (10 mlJka)"' 
6Weeb 14 Day1 

Tabular Summary of Toxicology Studies 
(Page 3 of 19) 

Doto (ms/kl) 

--.....i .. • l'heftytoin. 

SAL 
33.31 
76.7 

167 
247' 
3331 

SAL 
VC" 
33.3 
60 

100 
177 
300 
SOD 
ISO 

. 34 
169 
250 
337' 

33 
60 

102 
171 
305 
500 
860 

Rooulta 
(ms/kl) 

FotpheaJlolu1 

NOBD • 33.3 
MNLD • 167 
MLD • 271 ..._,.. 
NOBD • 34 
MNLD • 337 
MLD • >337 

....... ...,,., •. 
NOBD • 60 
MNLD • 177 
MLD •352 .. ...,,.,. 
NOBD • 60 
MNLD • 171 
MLD • 339 

Lab 

ACC 

ACC 

Alib<nialioaa - defilled Oii Pap 19 of die Tlbalar Sawwww1. 

Sludy Report 

RR Number NDA Locllion 
vo1u- Paae 

745-01731 1.12 241 

745-01723 1.12 321 

I 0-Npt'I II f U mlDipm/iilosnm phcnylDin equiv..r-, Approxilllale ~ dooo Clft bo derived II/ .... lliplyin, lho pllen)'loin equivl!eat dote 
by l.S. • I'll...,.. Sodium lqj1 clioa, USP; fthlol. • 40" ptopJlene c11co1 and 10• llcohGI, pH ~ID 12. 

0 Vohid9 • 1-aqjablo HQ, pH ...-SID I.I. 
I Vcldolo • Tri& llaft"er, pH ...-S ID I.I. 
J 0-YOlume for 337 me/ti,._, ...... pvuJ' WU 6.74 ml./ta• 
t ~do.inc lolalion cone 1 1t1111io111 nnced from 10 ID 100 ms/mL. l'llea)loin dolinc IOlutioa concenlntionl nnaecl from 6.1 ID SO ms/mL. 
1 N • S nlll.ex. 
• l'olphenytoin do.in& oolutioa concentralioaa nncod from S.O lo 75 mc/mL. Phenytoia dolin& oolution concentratiOftl nn&od from 3.3 lo SO mc/mL. 
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Specia (Slnin) Route 
Sn/Group, Tolal (DI* Volume) 
Ap Of>enrllioa Period 

Acute TnlcltJ ~dla (cotlliaaed) 

RI& (SD) IP 
SM + SP, 140 ('20 mLlt,}" 
7 Day• 14 Day• 

Tabular Summary of Toxicology Studies 
(Page 4 of 19) 

Dooo(msltl) 

Poopheaytoin" Pbenytoinb 

SAL 
Ve" 
31.3 
60 

100 
177 
300 
soo 

33 
60 

102 
178 
305 
500 

RelUllo 
(ms/ti) 

PolphtuJloln' 
NOBD • 100 
MTD •JOO 
Ji.;J) .. 111 
PbeoJIDla 
NOBD • 102 
MTD • 102 
MLD • 224 

Lab 

ACC 

AbbteYialloao ..,. defined on Pap 19 of lhe Tlhullr Summuy. 

Sllldy Repent 

RR Number NDA Localion 
Volume Pose 

745-01720 1.12 351 

• o- apr, ''' • u miJlisramlkilosnm pheaytoia equivalenl.o. Approllimlle COlphenytoin dote can be derived by multiplyina lhe pheaytoin equivolent dolo 
by 1.5. 

b Pbenytoin Sodium Injection, USP; vellicle • 40" propylene llycol ond 10" llcohol, pH odjaoted ID 12. 
• Vchicle • 1-aqinine HCI, pH odjullod ID I.I. 
• POlpbeaytoln clooin& llOlution eoncentnliona nnpl &om 2.50 ID 37.5 mpmL. Phenytoia dooin& oolutioa -llli-ranpd &om 1.155 ID 25.0 mslmL· 
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Specica (Slnin) Routo 
~ox/Group, Tolal (D- Volume) 
Aso Obtavalion Period 

Eml~lbla-Dote TosldlJ Stadia 
Rabbit (NZW} IV lnfilaion• 
6M + 6P, 24 (10 mIJtc)" 
NA 

Dos (buslo) 
2M + 2P, a 
10 Moadta 

IV Bolu1 
('Z mUq)• 

Day 

I 
3 
6 
9 
13 
151' 

I 
3 
5 

" 

Tabular Summary of Toxicology Studies 
(Page S of 19) 

D"'° (m&lt&) 

POlphenytoin" Plaeiaytoin' 

6 • .,. 
13.3 
20 
26.7 
40 
53.3 

6.7' 
13.3 
26.7 
40 

6.1 
13.S 
20.2 
27 
40.S 
54 

6 
12 
24 
36 

Reoulto 
(m&fkl) 

Lab 

F01plle11Jfola" ACC 
NOBD - 40 
MTD -40 
NoDeodia 
l'fleaJlola 
NOBD -27 
MTD -40.5 
Nol>eadll 

ll'wpliea11111a0 ACC 
NOBD - 13.3 
MTD - 26.7 
No l>eadi1 
PlleDJlllla 
NOBD-6 
MTD -24 
NoDeadll 

Abbrevillioal ae defined Oii Pap 19 of lho Tlbalar SUuuowy. 

Study Report 

RR Number NOA Location 
Volume Pap 

745-01721 1.12 386 

745-01721 1.12 412 

• 0- 6Xfl 11 ! ~ aa miDipmlldlosnm pllenj10in equiYaleaU. Appro~ hpLM)'lain - con bo derived by mulliplyin& 1ho pllenj10in equivalent dooo 
by l.S. 

• PllM)'lain Sodium lqjocllon, USP; YeLiclo - 40'5 ~ sJycol >nd 10'5 alcohol, pH lldjullod lo 12. 
• Duration of inlUaion - 30 mimlla. 
• Vehiclo - 1...,.;mao llCI, pH adjualecl"' a.a. 
I Vehiclo - Trio holler, pH Mijmled lo I.I. 
0 PoapLM)'lain doolns IOlutlon COllCelllnllona nngod &om 1.0 lo 1.0 msfmL. PllM)'IDin doolns IO!ution concentntiono nngod &om 0.61 lo S.40 mstmL. 

P Animala oi-rvoc1 for 14 day1 allier tut -· 
• Poaphenytoin dooiq lolution conceatnliolll ranged &om S.O lo 30 msfmL. PllM)'lain clolins oolution co-.ilono nngod &om 3.0 lo II msfmL. 
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Specia (Sldin) Roule 
Sex/Group, "." .ic.1 (DoM Volume) D~y 

A&• Oboe.r:alion Period 

Elcalellaa-Dote Toalr >: Smd8 (coalinued) 
Dos (bcap) IV Jabioa• l 
2M + 2P, • (2 mIJts>' 3 
10 Mondl1 S 

Dos (bcaal•) 
JM+ JP, 12 
10 Moadul 

IM 
(O.IJ-1.00 mUtl)' 

" 

I 
3 
7 ,. 

Tabular Summaiy of Toxicology Studies 
(Page 6 of 19) 

o- (""1Jcl) 
PoopheaJtDln' PbcaytoiA. 

6.7' 6 
13.3 12 
26.7 24 
40 36 

6.7' 
16.7 
33.3 
50 

6.7 
16.9 
33.7 
50 

Reoulla 
(""1Jcl) 

Ji'ospllmJfola" 
NOBD - 13.3 
MTD • 26.7 
No Deolha 
PlleaJf<lla 
NOBD - 12 
MTD -24 
No Deolha 

Ji'ospbmJtola" 
NOBD -33.3 
MTD -33.3 
NoDeolbl 
Phm)tola 
NOBD -6.7 
MTD • >50 
No Deolba 

Lab 

ACC 

ACC 

Abbm-._ an de6ned oa Pap 19 .. r lhe Tabular Sunmmy. 

Sludy Report 

RR Number NDA Location 
Volume Pase 

745-01729 1.12 471 

745-01742 1.12 527 

• o- ....,., ,, , f u mm;,..'Mllh....,.._ p1ieay1o1n equiYllam. Appnlldmelo bpbcaJloiat .io. - be deriYed by -•liplylns 111e pheayloln eqaivaleal c1ooo 
by 1.5. 

~ Pbeaylaia Sodium lilj.. ...... C!SP; vehicle • 40" propyleao slYcol and 10" alcohol, pH u.Jlllled IO 12. 
• Dmwtion of infuoioD - 30 mi-. 
I Vdilcle - Trill bulrer, pH adjulled IO I.I. 
• Aaimolo oboa1ed for 14...,. .a....1ut dolO. 
• FwpbeaylOin dooin& IOlulioa concealrlliom nnaed &om S.O lo 30 m&fmL. Pbeayloin dooina oolution concenlraliont nnaed &om 3.0 lo II m&fmL. 
' Poop..,,,..,.. doolns liOludM concenlrotioa - 7S mctmL. Phenyloia dooiGs coac-.lon - SO mctmL. 

U:INDAICl-9821RE0332RA.BA2 

.§'. 61 
2.a a.If 
0 ::a 
::a s 

5· 
(I) 

~ c 
B 

~ 

0 
.,i:.. 

-J 



c: 

I 
~ 

Tabular Summary of T():ri.cology Studies 
(Page 7 of 19) 

Sludy Report 

llDA Loclllion 
Speciel(Slnin) 
Sox/Group, 1'otal 
Ap 

Route 
(D-Vom-) 

Danlioa 

Daily Dooe' 
(ms/kl) 

R-lta (L&bontory) 
RR Number Vohlme Pac• 

Mullldote TozldtJ Studies 
RM (SD) IV Bolwo 
SM + SP, 60 (10 mLlk&)' 
6-7 Woob 7 Dayw 

Rll 1SD) 
\OM + \OP, 100 
IWoob 

RM(W'lllar) 
ISM + ISP, 144• 
6-7 Weeb 

IV Bohll 
(\ 0 mLllt.&'/ 
2Woob 

IV Bohll 
('2 mLllt.I)• 
4Woob" 

vcr 
20 
40 
66.7 

107 
160 

SAL 
v~ 
133 
333 

100 

v~ 
20 
40 

100 

Deada ll 107 and 160 msJk&. D_.Rllled lediarcr, llaXia, 
and bad-. u ;t66.7 ms/k&. Docroued body wei&ht 
pin and food comumpdoa, sl-ria, and ;,..,,....i ALT, 
ALP, and BUN ll 107 and 160 msJkl. No podiolopo findinp. 
(AC~ 

74S.0\730 

Dealb, bypolcliYily, df...-. c&Wed pupi1I, prootnlion, llaXia, 745.01732 
hypalhunlia, tlocreoud body weiPt pin in -io., lnlllieal 
decreaam in food COllllU1lplioa, inca ued urine volu-, and 
sJuc-1ria in bolh ooxa al 100 msJk&. No pllholosio lindinp. 
(JRDC) 

No tlealha. Alula, hypoaclivil)', and ..inlion al 2SO.Ol64a 
40 and 100 msJk&. 0-1111dbody wei&ht pin in ...... at 
100 Efllltl. Rovalible lacr111e1 in ALT and ALP at 
100 Efllltl. Iner rood lita • ......, wei&ht in rmloo al 100 msJk& 
and f'emalel al all ....... ~ al 20 and 40 msJk&. 
Re9eniblo dooH'elaled lqjeclion oito lrritalloa at 220 msJkl 
and,............., or h 1 •',,...al 100 msJk&. (SP) 

AbbreYiati0111 are defined on Pap 19 or tho Tabalar SullldW)'. 

1.13 001 

\.13 106 

1.14 001 

• o- ""l'f llE o d u millipomltilopam plleaytoin ~· Appn>simate foophenyloin doN can bo derived by multiplyina tho phenytoin equivalent doe 
by t.S. 

I Veliiclo - Tria buffer, pH lldjmled lo I.I. 
I Poophenytaln doeins oolulion ----pd &om 3,0 lo 24 rncfml.. 
' Poophenytoin doeins oolulion ~-pd &om 2.0 lo IS msfmL. 
• Three additional anima1I I""' aox included in ~ art4/or c1111...-...i poapa and utilizecl only for clelenninalion of drug concentntiOlll. 
• Poophenytaln .to.ins aolulion concealnliono -pd &om 15 1o 75 rncfmL. 
• Pivo animala px "" per poup were -··e!lzed aftet a 4-week withdaawal period (Woet I). 
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Spec:ieo (Stnin) 
Sex/Gtoup, Tolai 

""' 
Route 

(DooaVoiu-) 
Daralioa 

Mullldose TcndcltJ Stadleo (ooalinDed) 

lh& (SD) IM 
.SM + .51', 90" (0.7-3.3 mLJta)' 
7-9 Wocb 2 Wocb 

Tabular Summary of Toxicology Studies 
(Page 8 of 19) 

Dlily Dooe• 
(mc/kl) 

SAL 
33.3 
66.7 

100 
133 
167 

R-111 (l.abontory) 

Dealha It 133 and 167 mcJkl. o-nllliod Jedwsy, 
prooludioa, olalda, and/or cnmon"' :t66.7 """"· Deer ..... 
body wei&ht pin, tralllieat 'r :rrnnz· fa food oonau114ti-. and 
Iner 11 hriae ..,.,_la 1111leut :t 100 mcJkl. 
lqjocliaa tthW pwo palholoslo claapa la -lo ia I onimal 
uch ll 100 and 167 mcJkl. (DCC) 

Scudy Report 

NDA Locllioft 
RR Number Volume Pap 

74S-Gl74S 1.14 338 

lh& (SD) IM 
(0.4-2.0 mLlkct 

13 Wocb 

SAL 
PH'r 

20 

blo'euod livw weipll ia femoleo ll 111 doea. Dealb•, dibtod 74S-Gl7"4 l.IS-16 001 
!OM + !OP, !SO' 
7 Weeki 

40 
100 

pupilf, h)poaelivily, u: o l•e llliYllion, clecteued body 
welJhl, i-euod AST, ALT, and ALP, h)percl)cemia, 
........,ma. aad ialrllcJtorl ..... ..,...,.,..,.. .......... elioa widi 
iMphenylola ll 100 mcJka. Similar liallaae were aoeed wilh 
ohea¥IDla. Local lni• :!1t1 wi11a boda °"""'a rdL (JRDC) 

AblxeYUliono .,. delined oa Paso I' or die Tababr Su_,-. 
• o- up1 md u milllpamlldloaram pheaylola eqalv....._. ~ ~ doM e111 be deriTed bJ -1liplJiac die pheaytoia eqa!Yolent doM 

.., 1..5. 
• Throe oddilioaal am-lo per - ;,..i......, la CCllllrUI ._,.~or dnl.-W """"' and ulilired oalJ for d • 1 •'•tlnn or .true ~-
• P...,,,enyloia dooin1 llOlulioa -.lioa - 7S Ma/mL. 
' Piw ..tcL~nol am-lo per - per poup ulilired only for clelenninllioa or dnl1 coac 1alnlloao. 
1 Pbeayloia Sodium lajoclioa, USP, ..tndni-...111 100 mcJka, dooinJ llOlulioa -illkla • SO ma/mL; poup tamiaallod It Weck 9. 
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Specieo (Straia) Routo 

Tabular Summary of Toxicology Srudies 
(Page 9 of 19) 

Srudy Report 

NDA Locolion SelfGroup, Tola! (Dooe Volume) 
Ap Dunlioa 

Daily Dooe' 
(ma/ks) 

Re111lto (Labontory) 
RJt Numb<r Volume Pap 

MallldMe Tnlclt7 Stadles (continued) 

DoS (beagle) IV BolDa 
2M + 2P, 24 (2.0 mUt.&'r 
J 1-12 Mondi1 7 Da)'f 

DoS (beagle) 
4M + 4P, 40 
7-1 Monlh1 

Dos (lleaglo) 
4M + 4 P, 24 
ICH2Moalha 

IVBobla 
(2.0~ 

2Weeb 

IV Bolu1 
(0.67 :nUQ)'° 

4W...t.M 

VCI 
6.7 

13.3 
20 
26.7 
33.3 

SAL 
VCI 

JO 
20 
33.3 

VCI 
JO 
20 
33.3 

No dealha. Doae-related dianftea, ulivllion, aod emeaia Ill 
:t13.3 m&lkc· In addilion, atuia ot 26.7 aod 33.3 m&lk&· No 
lipilicanc clumpa In clinical llbonlocy ~· No 
podiolosio &nclinp. (ACC) 

745.01731 

No cleatha. H7JIOldiYily, emelia, exceaiveulivllion, aod 745.01733 
atuia Ill 20 aod 33.3 m&/kc. la Mdirion, -. Ill 
33.3 ms/t1. No lipi"""at clwJpa In clinical laboulOiy 
panmeeen. No padlolopo llndiap. (IRDC) 

No cleatha. Dooord- iD-ido 1CO of emeaiuc 2: 10 ms/ti 745.01970 
aod tnnlieat ulivalion, lllula, aod aylbema or pm1 ac 
:1:20 m&lkc· Treon aoc11'Jpo6cllvily ac 33.3 m&lkc· 
lnm:o '' t ALP ac 33.3 m&ltc ac Weeb 4 and a. lncnued 
aliYary lllaad welpta In ....... - • 33.3 m&ltc and rem.tea 
ac 20 m&/kc ac Woek 4. I_,, .... livw:body weipt In molel 
ac 20 aod 33.3 m&ltci re••liblo ac 20 m&/kc. H1JIOltaophy or 
oalivuy glaadl In alllea ac 33.3 m&ltc ac Weeki 4 aod a. (AA) 

Abbrevialion1 are deJined on Pap 19 or lhe Tabular Sullllllll)'. 

1.16 292 

1.17 OOJ 

I.II OOJ 

1 DOie exp1 11ed u millipomlkilop:am phenytoin ~· Approllilnalo bphenytoin dole co bo derived by mulliplying lho phenytoin equivalent dooe 

bJ J.S. 
I Vehicle - Trill buffior, pH adjutled lo I.I. 
11 P°""'enytoin doein& 10lution ...-.iiolll raaced &om 5.0 to 2S mc/mL. 
W. POlpheny101u dooin1 oolution cancenlnliono raapd liom 7.S lo 2S msfmL. 
" l'Olphenytoin dolin& oolulion concenlnlion1 raa&ed from 22.4 lo 75.0 ms/ml. • 
.W Ono animal per IOX per croup WU euthanalizocl after a 4-week withdrawal period (Week 8). 
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Tabular Summary of Toxicology Studies 
(Page 11 of 19) 

Tell 
Specioa (Strain) 
Se.tGroup, Tolal 

Special ToslcllJ Studies 
v-aadPerl-• ....,r lrrllatloa• 
Rabbita (NZW) 
6 M,66 

lalramDKUlar 
lrrllatloaD 
RoblJita (NZW) 
12 M, 12 

Rabbilo (NZW) 
4 M, 21 

Study Desisn" 

Doolas: Sinai• 30-minute IV in&oion or 
SC lqjection 
POS(msfmL):VC", 10, 25, SO, 1S 
Plrr'(ms/od.):VC, 6.7, 16.9, 33.7, SO 
Obtermloa: 24 hoan 
Paramdttl: a.- a.....i mictoocopi.: euminalioaa 

DDllD&: Slap IM lqjecliOD 

POS(mslmL):VCI, 25, SO, 7S, UIO 
Plrr'(ms/mL):VC, SO 0............. 24 hoan 
Paramdml: a.- ud microocopio euminaliona 

llolba&: S daily IM l'llec:liono 
POS(m&/mL):VC', SO, 75, 100 
Plrr'(ll.,lmL):VC, SO 
OINet talln: S .,. 
Paramdln: Serum CPK, sr-ud mic:raocopio 
AYamiftllllfto• 

~.,.defined OD Pap 1' of lhe Tlhalar SUDllllll)'. 

lleluhl (l.oboratoey) 

No li1nifiMn1 clill'eawww in perivuculor 
or - lnilalioa between foophOll)'IOin 
md aliDo conlrola. Sipdlicanl v_, 
and perm-tar irritoliOD md hip 
ind1 

I of tllromba 6Jnnalict1 widt 
pheaytain. (ACC) 

Pooplleuylula 1- irrilatiD& lhan uline or 
phoaylala. Trace ID mild h-.bap, 
_ in'hm-... OD 111111 ........ with 
aliDo, pheaytain vehicle, and pheaytain. 
(ACC) 

Homonhap in all COlllrol md -
poupe. N8CIOlia wilh phe11)'fala; ... 
-wllh bpheoyloin It 75 ud 
100 msfmL. Jacnaeed CPIC with 
pheaytain vehicio, ph...,mln, and bi.,..,...... (ACC) 

• PbeDyloin Sodium lqjecliaD, USP; vdiicle • "°" jN"""""O slYcol md 10" aleohol, pH adjalled lo 12. 
• Vchiclo • hajliniw HCI, p8 odjlllllOd to I.I. 
I Vehicle - Tri.I buft'er, pH odjlllllOd lo a.a. 
tr AD in Yivo lllldiea includod aliDo (0.9 !5 NaCl) COlllrol poup. 
a Concealnlio• bued OD die welpt of die IOdiwD all of foophOll)'IOin or pheaylloin. 

U:INDAICl-912\Rl!CJ332RA.l!A2 

Study Report 

NOA Localion 
RR Number Volume Pap 

745-01724 1.20 001 

745-01737 1.20 oss 

74S-01741 1.20 094 
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Tabular Summar; of Toxicology Studies 
(Page 12 of 19) 

Tell 
Speciea (Stnin) Su/Group, Total Slllcly Deli&n" 

Special Tnk:llJ Shadltl (co 11 Mid) 

G1-urla1 Dolla&: Siqlt. ~i>-..iinute IV lnbion 
II.all (SD) POSS(ma/lra): 100 
10 M, 30 PHT'(malka): 100 

CNS s.r.q Screea1 

Mico(CD-1) 
6 M, 90 

Dose Vala- 10 mLlka'* 
ot.enatlen: 41 lloan 
l'anmderl: Cllaical .....,, ..vm and urine 
...,_ _llliotll 

Dosla1: Sinslo IP lqjoclion 
FOS(mllk&): VCI, 33.3, 66.7, 133, 333, 667 
Pll'1'9(ms/lrl): veil, 33, 159, 134, 337, 67S 
0-Vot.me: 20~ 
Olllemdloa: Approximately 4 lloun 
1'111'11mder1: Cllaical ...... and bclulYianl .......... 

Ahbrmaliom 1n1 delinod on Pase 19 of llio Tlbl!llr Saawy. 

Reoulll tl.aboralory) 

Similar Iner•- in ..vm and arinuy 
sluco- oonc-.iom wilh foopheaytod1 
and phenJtoln. (DCC) 

Deodia It 333 and 667 m&fk& folplienytoln 
and 337 and 67S melt& plienJtoiA. 
Similor iaoH:a: a and -eri1J of CNS 
._ ....... red widi bDheaYlaiD and 
...___(ACC) 

s ... c1y Report 

NDA Location 
RR Number v..wn. Pap 

745-41734 1.20 140 

745-41736 1.20 170 

I 0- upi 111 d U ~ ,.,..,... eqainlna. ~,.,.,,...,,..... ...... can be derivecl by -hiplyina tho phenyloin equiv.oJent dolO 

by 1.5. 
• l'beaylloia Sodillm Itgo cdoa, USP; Yeliicle - 40lll propyleno sl>"COI and IOlll .olcobol, pH !idjalllld lo 1%. 
I Vehlo:lo - TrU bulrer, pH !idjalllld lo I.I. 
If AD in mo ....... WI do d nliDo (0.9lll NaCl) comol poap • 

.. Pooplleaytoin dooia& ICllutlon """"'*"""' - IS ma/ml.. l"1eaytoin dooia& ooluliaa --don -10 ma/mL. 
i Vclddo wu -4 in 3 ......,. of......, It IOOlll or dllalod lo 66lll or 31lll will! n1iDo (0.9lll NaCl). 
JI Pooplleaytoin dooia& ICllutlon - " aiilku11nnaedhra1.S "'SO ma/ml.. "*"""" daoin& IOIDlion co-allot• nnaed from 1.65"' 33.75 ma/ml.. 

U:INDAICl-912\Rl!0332RA.BA2 
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Tabular Summary of Toxicology Studies 
(Page 13 of 19) 

Tut 
Spociu (Slrlin) 
Sn/Group, Tocal 

S111dy Deoicn" 

Special Tosldt)' Stadle (coalinued) 

Cardlo•ucular Saretr Doslaa: Si.a&lo IV injection 
Su.a" POS(m&lk&): VCI, II 
Dop (Beap) PHr(malts): vc, 11 
4 P, 20 DoNVohlme: : mL!k/k 

Omenadon: 60 miautca 
Parallld«I: Cardiov-..!u, blood clruJ 
-..bu 

Re...lta (l.abonlosy) 

No dealha. Ondual decreuo in HR, 
LVdP/dt, and MABP with f'olphenytoin 
and im0 rf•fe decteuuin Chao 
,__ with plleaffoia. Sipificllll 
increue in L VBDP with pheaytoin. 
Maximum pbmna pheaytoin 
~were21.l 11a/mLS minuee. 
,_._ aad 49.4 .. rtmL 30 ._,..... 
JIOlld ... followina adminillntioa of 
foop11eaJ1oin and pheaytoin, rapeclively. 
(ACC) 

Study Report 

RR Number NOA Location 
Volume n.. r•I• 

745-01735 1.20 193 

Hamaallood 
CompatlbilltJ" 
In V"llrO 

Caar ballou: No ...,_,,. or pJama pn>1e1a 745-01746 1.20 279 
POS(ml/mL): 0.15 lo 75 
~(msfmL): 0.10 ID SO 
Para...,_: Hemolyllo, pJama pn>lela 
""-lrMn 

~ ara de6aed on Pap 19 of!be TllluluS....,. 

floccD ....... with~ Hcmolytia 
al S.0 ID ''l ma/mL and mDd pJama 
prollin ftoocglaffoa willl alatn"lllin al 
20 mslmL. (DCC) 

• 0- OXjH I d U miJli,.....,...,.._ pheaytoin eqaiftlo!W. Approximlle fooplleaJloin dooo CM be derived by mulliplyin& !he phenyloin cqRvolcm dooo 
by 1.5. 

• Plwaytoia Socliam l1!loolioa, USP; Ydlicle - 40'5 ,..,,,,._ sfycol aad 10'5 llcolaol, pH .odjv.w ID 12. 
' Veldcle • Tril bulrer, pH ldjwad ID I.I. 
tr AD in vivo ..-. inolucled alino (O.t !I NaCl) coatrol pvup 
" c-e itallioM bued °" !he wei&ht of die IOdium lolt of foopheaytoin or plleaylDin. 
U: Poophenytoin dolin& solution -.lion • 27 msfmL. Pheayloin dooina oolution eonce........, • II ma/mL. 

U:INDAICl-9121RJ!0332RA.BA2 
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Speclca (Slnin) Rouco 
SexiOroup, Tolll (Vehicle) 
Ap (o-V.,.._J 

Reprodacdftl Todcky Stud'
J'ertlllt, 
Male 
Ral (SD) 
40, 200 
12-13 Weeb 

Female 
1111 (SD) 
40, 200 
15Weeb 

Teni.loa 
Erymal017 
Rat (SD) 
3P,9 
NA 

lM 
(Tn. Bulrer) 

12 mlA&1 

lM 
(Tril Buffer) 
(2 mLltsl 

IV Bolu• 
(Tril Buft"cr) 

12 .. ~. 10 mLlkd 

Tabular Summary of Toxicology Studies 
(Page 14 of 19) 

Dooe1 

(msJks) 

UC 
vc 
16.7 
50 

100 

IJC 
vc 
16.7 
50 

too 

100 

~ 
Re,U-. 

75 D.,,. 
Prior lo 

and ....... &h 
Malina 

UDa)"I 

Rclulll (Loboratory) 

Pllemal rolicily al so and too ...,iq. 
No elfecls oa ferlility or ~oa. 
(AA) 

Matomal and reproduccive IOalcily al 
Prior IO Malin1 SO and 100 lftl/kc. ~ 

lhnla&h IOxicitJ' al all clMel, includill& 
Larto"°" ....... ,.,; ;17 al 16.7""" 100 llf6/kl. 
Day21 (AA) 

10 Daya All aalmalo eudwwi::.ed moribund by 
Day 4. No tnllm& at injo<.iZ"" ... (AA) 

~ ue cleSned on Pap 19 of Ille TnalarSumawy. 

SIUdy Repon 

RR Number 
NDA Location 

Volume Pace 

745-02042 1.21-22 001 

745-02092 1.23-24 017 

745-011143 1.24 276 

I Dow exp< utod aa mlUip:amlkilopm pheayroin equ!Talellll; foopbeaylOin dotinJ aolulioll -.iom nopcl from 5 IO 7S JJJflmL. ~ 
(oopheayroin dole can be derived by ....itiplyin1 Ille pheaJtoin equtrol<lll dooo by j .5. 

U:INDAICl-9821ltl!0332RA.BA2 
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I Tabular Summary of Toxicology Studies 
(Page 15 of 19) 

Speciea (Slnin) Route Sludy Report 
Dooe1 Treatment 

~ Sa/Group, Toi.II (V.mcle) Raulll (Laboralmy) NDA Location 
(ms/kc) Repmen 

~ 
Ap rDooeVolume) RRNumbor 

Volume 

Reproducd•e Tosld!J Siad!<! (.:ondaued) 

TentolosY (continued) 

Dose Raa1•J'lnclln1 
Rtt (SD) IV llolua VC Cleolalion Malaml tollicily at 16.7, 33.3, ud 745-01159 1.25 
5P,35 (I'ria llaffer) 6.7 D&7117 66.7 lftl/kl. Developmental tDllicily at 
20Weeb (2 ml.Jtd 16.7 duoap 17 SCI lllld 66.7 mJlk&. No oclv-~ It 

33.3 6. 7 mc/tl· MTD - 66. 7 mJlk&. (AA) 
so 
66.7 

lleflaltlte 
Roi (SD) IV Bolu1 UC Oe!llalion Pour dealho, decleuod malenW bocly 745-01973 1.25-26 
40P, 200 (Trio Buft'u) VC Da11"' weipt pin ""' food COllllllDplion, 
12·13 Woeb (2 ml.Jtd 6.7 ........... 17 clecr1uecl bii1h ud llll1e oftiprin1 

33.3 ....,.II at Weet 13 at 66. 7 mJlk&. No 
66.7 ICllllO&•aioitJ' or behavionl 1ollicily. (AA) 

AbbreYialioal ""dcfiaecl on Pap 19 of lhe Tobalar Sammuy. 
I Dooeo UJIC 1111 ~ u millipaul/kilop pbeayloln equMleall; foophenyloia dalina oolulion concet*aliono ronpcl from 5 lo 75 mclmL. Aft>roximata 

foophenyloin dooe ean be derived bJ ~Jina lho pbeayloln oqaivalont clooe bJ 1.S. 

U:INDAICl-9L2\lll!0332RA.BA2 
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Specia (Slnin) 
Sex/Group, Toe.I ,.,. 

Route 
(Vdlicle) 

[l>oM Volume] 

aepndadhe ToDdtJ Stad!IS (coalimaed) 

Tentolou (codi"-t) 

SsplDntolJ 
ltaMiil (NZW) 
3P,6 
NA 

Dose •••&Hllacllac 
bblril (NZW) 
SP,35 
7-1 Molllhl 

IVBeluo 
(Tril llaffec) 
(1,2 mUqJ 

IV Bolu 
(Tril Buffer) 
[1-2 mL/k&) 

Tabular Summary of Toxicology Studies 
(Page 16 of 19) 

o-• 
(ms/k&) 

33.3 

vc 
3.3 

16.7 
33.3 
so 
66.7 

T-
ReJimm 

13 day• 

ROIUlll (Laboratoty) 

No cllaical ..... oc elf- on body 
weisht or food coa.mplion. No trauma 
al in,jedion de. (AA) 

o-.;on M.........i loxlclly ot 33.3, SO, and 
Day 6 daaap 66.7 me/ti• Dc ....... n11lll toxici1J al 

II 66.7 me/ti. No advaM elf- al 
3.3 me/ti. M11> • 33.3 me/ti. (AA) 

Abllrmalionl ll'O de6aed Oii Pase If of die Tabalar Suuuawy. 

Sludy Report 

RR Number NDA l.ocalion 
vo1u- Pase 

745-01144 1.27 1)14 

745-01171 1.27 021 

I 0- apt I I du~ phco1jkU eqak._; ,......,,..,....., doliDa oolation ~ nnaecl from 5 ID 75 "'I/ml.. Af>prolUn!llle 
..... ...,....., doeo caa be derived by -11iplyiac •e I heaylDin equivaleal doeo by I .S. 

U:INDAICl-912\RE0332RA.BA2 
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t.pocieo (Slnin) Route 
Sex/Group, Total (Vehicle) 
As• [DOM Volumo) 

ReproductlYe ToddtJ' SCudi. (eonlinued) 

TeralololJ' (coalinued) 

Defllllllte 
Robbit (NZW) 
20P, 100 
7-8 Monlh1 

IV Bob 
(l'ria Buffer) 
(I mLltsl 

PltRJNATAL-l'OS'INATAL TOXICITY 
Rlt (SD) IV BollUI 
:ZS P, 125 (T:i1 Butr.) 
12 Weeb 12 lllLll<sl 

Tabular Summary of Toxicology Studies 
(Page 17 of 19) 

ooJ 
(ma/kl) 

Trealmenl 
Resimen 

llewlta (Labon.tocy) 

Sllldy Report 

RRN..-
NOA l.ocalion 

Volume Pap 

UC 
VC 

6.7 
16.7 
33.3 

~ No deodio. Decreuod body weishl pin 74,-01931 1.27 15' 

UC 
vc 
16.7 
33.3 
66.7 

Day 6 """"sh and food~ 11 33.3 malt&. No 
II malallll nprocluctiYe or fetol lolicily, 

and no lorllOaenlcitY. (AA) 

Oeeteh 
o.,." 
"""""' L1,, 'im 
o.,. 20 

Mllemll and~'"1 lolicily 
1133.3 and 66.7 malt&- Salillo 
belia'lionl. lolicily at 33 .3 and 
66. 7 malt&· (AA) 

745-02071 1.21-30 001 

AbbroYillioao.,.. clelinod on Pap 19 of lie Tllbular Sumnwy. 
I Dooeo ill(ll' 111' u milHsramllcilopam phell)1oin eqaivllem; folpheaytoin dooiq 101ution eo-.iiono nnpd from S lo 7S msJmL. Approximate 

folphenyloin dooe cu be derived by arddplyin& M pbeaytoin equtraletil dooe by t.S. 

U :IJllDA ICl-9121RB0332RA J!Al 
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Tabular Summary of Toxicology Studies 
(Page 18 of 19) 

Concenlnolion 
RlnaoorD-

Remlla (Laboratory) 
RR Number 

).:111a1 ...... in 
S.W-Ulla 'YP"""""'°" 

312.5-5000 ps/~ · Nonnadap.oic in lho obleaco or ..-ace of 59. 745-01951 

Pon mutation .-.yin V79 Chlneeo 500-4000 psfmL
b.- luns <clll 

ClufosealdtJ 

(AA) 

No lNllllicri ll HOPRT locull in lho ""- or 
pmonco of 59. (AA) 

SlnlclUnl cht-oberrllion 50MOOO psfmL-C-59) C-pnic ll :113000 psfmL only ill lho 
_,ill V79 cw-... ,_...... 12'-4000 psfmL-C +59) .,._-of S9. (AA) 

celll 

745-01935 

745-0ZIOI 

Sllldy Report 

NDA l...ocolU>n 

vo1u- Pace 

1.31 016 

1.31 093 

1.31 145 

Micionu....., _y 33.3, 116.7, UJ lllllkc"" No a...-ln lldicl-chuafreq: 1 "'1· (AA) 74S-01191 1.31 241 

AbbrmtlioM .. defined on Pap 19 of lho Tll>alu Siummey. 
- C'lllCelllrrioal bu.id on lho welaht of~. 
• 0-upt I u milfisnmlldlopu I• n,roiA equ!Yolenla; Mphen)'toln dooiaa 1011itioa wlllionl nnsecl from S to 20 msfmL; do. volume • 

10 ml.Jts. ~ ""h l)'loln ........... domed by lblddpl7lns ... phenjfDia equivalent.._ by l..S. 

U:INDA\Cl-982\IU!(J332RA.EA2 
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Tabular Summary of Toxicology Studies 
(Page 19 of 19) 

ABBREVIATIONS: 

AA -
ACC • 
ALP • 
ALT • 
AST • 
BUN • 
CNS • 
CPK • 
DCC • 
p -
POS • 
HOPRT • 
HR • 
IM • 
IP • 
IRDC • 
IV • 
LVBDP • 
LVdP/dt • 
M • 
MABP • 
MLD • 
MNLD • 
MTD • 
NA • 
ND • 
NOBD • 
NZW • 
PHT • 
59 -
SAL • 
SC • 
SD • 
sr = 
JJC • 

vc -

Pub-Davia Phannaccuticll R......,h, Divi1ion of Warner-Limbert Company, AM Albor, Michigan 
American Criticll Care, McOaw Park, Winoia 
llblino~ 
alanine~fone 
aspartate .... ~ ...... 
blood urea ni1ropn 
central ncrvwa ayllenl 
creatine phoopWinuo 
Du Pont Critical Care, Wwkegan, Winoit 
femalo 
folphonytoiA 
hypounth;-suanllie phoaphoriboayltnnaferuo 
heart die 
illlnmutculu 
illlnpcrilonoo1 
Inlcmalional Reaoarcb and Dovelopmeat Ccnpontion, Mattawan, Miehipn 
iolraYOMUI 
loft YenlricuJU' end diutc>lic prealUro 
left vcalriculor .-ilily 
male 
mean arterial blood in-
median lethal cbo 
muimum nonlclbal cbo 
muimum tolentecl cbo 
not avdablo 
not determined 
no obacrvecl cffoct dolO 
New Zealand While 
pbcnyloin 
pootmitocbondrill aipernalanl from Even of tab induced by Aroclor 1254 
ulino (0.9" NaCl) control ... ~. 
Spra-Dawley 
J>ark&.Davil Raearch Irlllitulo, Sheridan Pad:, Mi11illaup, Ontario, Canada 
untreated oonlnl1 
vehicle control 

U:INDA\Cl-982\RB0332RA.BA2 
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Fospbenytoin Sodium 
Injection 

• • 

9. Microbial Growth Inhibition 

57 

The Microbial Inhibitory Conc:entrations (MC) for Fospllenytoin Sodium 
Species FC11Pa-ytoin MC (mc/L) 

Asperrilllu ni1a > 1000 
1HdtoUrma virlde > 1000 

>1000 
>1000 
>1000 

1be Microbial Inhibitory Concentrations (MC) for P!ie:nytoin 
Species Fmpbmytoia MC (mc/L) 

Asperfillu.r ni1a > l<lOO 
Tridtodmna vlrilk > 1000 

Bari""' mbtili.r 
>1000 
>1000 
>1000 

1be Microbial Inhibitory Concentrations (Mg for Hydloxyphenytoin 
Species Byclrmypbmytoin MC (ml/L) 

Asperrillu.r ni1a 
Tridwderma viriM 
aostridium pafrln1t111.• 

10. The Acute Toxicity Studies with DaphnJa magna 

Foopbmytoin Sodium 

ECso 
(mglL) 

170 

Phenytom 39 

Hydroxypbmytoin 28 

>1000 
>1000 
>1000 
>1000 
>1000 

NOEC 

(mglL) 

48 

23 

28 

ECsc,, Concentration at wbich 50" of tbe orpnipm ue affected. 
NOEC: The llCH>bserved effect ~on for 48 boun. 

U:\NDAICI-982\REIJJ32RA.EA2 
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ti A T B R I A L s·A.l?BTY DA'i'.'A·• SHBBT 

THIS MATERIAL SAFETY DATA !:iEET IS DIRECTED PRINCIPALLY TO PROCESSORS, FORMOLATORS, 
ANO USERS OF nils MATERIAL. THE DESCRIPTION OF PHYSICAL. CHEMICAL ANO TOXICOLOGICAL 
PROPERTRIES AS WELL AS THE ADVICE ON HANDLING IS BASED ON PAST EXPERIENCE ANO 
CORRiNTLY AV1'ILABLi INFORMl'<TION. IF YOO HAVE ANY QUESTIONS REGARDING THE HAZARDS 
ASSOCIATBO WI'nl THi OSE OF 'n!IS MJl.TiRIAL PLEASE CONTACT THi PERSON NAMED IN SECTION 
I. 

1. JIATIDUAL IlllDl'l'IPICATJ:OH ii 
Product Jlaae: 5, 5 ·DI PHENYL· 3 • PHOSPHotlOOXYMBTHYL 2, 4 • l'MTDAZOLIDINBDIONE DISOOIOM SALT 

POZ111Ula: Cl6Hl3N206P Na2 
Proc••• t: CI·982 
W.L. Ill t: PO 135711·00153 
RDC Ill t: ND 
UPC t: NA 

Jlanufacturing Divi•ion: 
Parke-Davis 
188 Howard Avenue 
Holland, MICHIGAN 49424 
OSA 

COllllOD Jlaae: NA 
Cbaaical Paaily: ND 

SynODylU: 

KSDS I: ND 
Data of I••ua: 06/10/94 
Supar••da•: 03/18/93 
Rari•ion Jlo: 3 

PDSOJI TO COJITACT: 

Chri• Pfeiffer 
(616)392·2375 

Jll:OSll RftCS Jlo: ND 

5,S•DIP!mlllYI.·3·PBOS~ 2,4-IMTDUOLIDDIBDIORB DISOOIOH SALT 
POSWI rum SODitlll 
CI·982 

2. DIGUDID'l'S .um llDOSORll LlXI'l'S 

5,5·DIPHBRYL·3·PHOSPHOIKJOXiHBlHIL 2, 
-l·IMJDUOLIDIREDIONi DISOOIOH SALT 

OSHA Pm.: ND 
ACGIB TLV: ND 
Oth8r llzpoaura: ND 
Regulatory: ND 
Caz.car: No 
Synaaya/Coomoa: ND 
Vapor Pre••ure: NJ\ 
Lower llzplo•i- Liait (LllL): RA 
c-..t•• NOlU 

PROI>u<. "t Bzpo•ure Lilli t• : MlRB 

cu • 

ND 99 

NA • Not Appl tcable ND • No D•t• FOU'ld Page 1 of 4 
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Iaau•d: 06/10/94 •.. 
r 
App9ar&1>c•: Cry•talline •olid. 
Odor Tbr•ahold: ND 
CAaract•ri•tic ~= ND 

Pbyaical Stat•: Solid 
Spmcific Gravity (B20 • 1) : lllD 
Aaidi ty (pB) • 25. c : lllD 
Boiling Point •c (7CO 1111119) : NA 
Jlaltin; Point •c: 220 + Deccmp. 
Pe:rc ... t volatil• by vol,_: lllD 
Water Solubility1 Ye• 
Othllr Solubility1 1'0 
Vapor P:re••ure <• 2o•c1 1 llD 
Vapor O...aity (Air• 1): lllD 
SVaporatiOD Rate IB20 • 1): lllD 
llOleaular Weigbt1 .C.06.23 

n 'MMUILS LDa'l'S DI .lDl 
LSL: NA 
IJJIL: NA 

Pla•b Point (Jlatbod) : lQ. 

- • PHYSICAL DATA 

llztin;uiabiD; Jladia 1 C02, Dry Cbelllical., POlllll, Water Spray 
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llSDS I ND 

,, 

Spmcial Pire Fighting l'roc•dure•• tJae appJ:OVed •el:f·ccmtained br9atbing apparatua. 

Ull.uaual Pire Basard.a I ND 

'Oll.Ullual bploaion Basarda1 llD 

Bazatul CcmbuatiOD P:rodw:ta: ROI " llitrogen Oxida• 

5. llDC'nVn"r DATA 

Stability: Stable 
Basardo!U Pol:r-eriaati-• Bo 

Clleaical 1Dcompet.t.bilitiea1 llD 

H C. llDLTll S&UJU) DIPOllM'l'%Olr II 

'l'OUCI'r'l DIPOllXl'l'%Olr: llD 
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Iaaued: 06/10/9• KSDS I ND 

7 • PXRST Am li'Jl<>Cm>UIUIS 

TllllRA.l'SUTIC CLASS: NA 

llyea: Plush with water for 15 minutes. 

SkiD: Wash with soap and water until free of residue. 

IDbalation: RelllOVe frcm exposure. Seek medical attentiOD. 

Ingestion: Seek medical attention. 

I a. 1IOltDLM3 IUOll'nmrs I COlmlOLS 

II 

I 
ll&Ddling/Storage Precauticms1 Store in a cool, dJ:y locatiOD, isolated frcm oxidizing 
agents. If UDU8Ual expoaurea an ~cted, an IndUatrial Hygiene review of work 
practices and controls ia rec nditd. 

VantilatiOD: General ventilation; loca1 exb•11at ventilation • 

...SOID.L PROTSCllV& KQblPW&ii 

I 

aeapU.tor: Negative praaaur9, full face, cmat filter. 
11ye l'rotection: Safet,1 glaaHa 
Glowea: Coveralls, Gloves 

Work Practices: The .abaft peraODal protective equipment rapraa-ta the min;mm 
protactiOD rec nded. Uae appzupzute balldl.insj -t:boda to minimise duat 
genera.ticm. Avoid akin contact or inh•>•tiOD of cm.ta. Waah face, bands and 
forearma before leaving work area. 

'· Sl'ILL • LDS I llllVDoamr: I SllDIDIG 

l'roceduz'ea for Spill or Leaks Wear aelf·ccmtainad breathing .pparatua llDd 
appropriate protective clothi..ng. 
Collect and place in a auitabl.e ccat•i-r for future diapoaal. 

I 

waata 11anav-t/Diapoaal1 Di~ of in accordaDce with local., atete and federal 
regulations or the authority ~8iuriadictim. Incinan.tim in a pendtted 
incinerator iB the preferred di -tbod. (Advise incinerator of the preaence of 
chlorine, bromine, fluorine, aul ur, heavy metals, etc.) 

SBlllDIG UQUIUllDl'l'S DD LDIJ'U.nOllS 

m/!JJI Ko: RD 

DOT Basard Claaa: RD 
DO'l' Shipping •-• RD 
DOT Lablil.a/11'1ac:arda: RD 

lackaging Groups RD 
llarking: RD 
Ccmtainer Specificaticms1 RD 
Shipping Liaitationa: RD 

Storage Area Temperature aa~ta• Ro reatrictiona. 

llA • Mot Appl ic.ble II> • Mo DHa FOU'ld 

• 
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I 
Basud c :ar1oatica Labe1•1 Intermediate - No Toxicity .Data 

SUJi. Ba:aasd Claa•ificati-(a) • ._. 
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DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS 
Review of Chemistry, Manutacturing, and Conlrols 

•• 
NOA#: 20-450 CHEMISTRY REVIEW: # 2 

Subm!11!or1 Type 
ORIGINAL 
RESUBMISSION 
AMENDMENT 

Docunl!nt Date 
14-JUl.-94 
22-FEl3-95 
21-JUl.-95 

CDERDate 
15-JUL·94 
23-FE3-95 
24-JUL-95 

Aas!an!d Datt 
04-AUG-94 
24-FEB-95 

Oat! Reviewed 

05-JUN-95 
16-AUG-95 

NAME AND ADDRESS OF APPLICANT: PARKE-DAVIS PHARMACEUTICAL RESEARCH 
Division of Warner-Lambert Company 

DRUG PRODUCT NAME: 
Proprietary: 
Nonproprietary/Eatabliahed/USAN: 
Code Name/#: 
Chem. Type/Therapeutic: Clan: 

2800 Plymouth Road 
Ann Arbor. Ml 48105 

CEREB'fX® 
fosphenytoin sodium, injection 
Cl-982 
1S 

OCT I 3 1995 

DESI I Patent Status: U. S. Patent 4,260, 769, expiration date April 7, 1998 (drug substance) 
U.S. Patent4,925,860, expiration date May 15, 2007, (drug product) 

PHARMACOLOGICAL CAT!EGORY /INDICATION: Anti-epileptic 
DOSAGE FORM: Injection 
STRENGTHS: 75 mg/ml 
ROUTE OF ADMINISTRATION: IV I IM 
DISPENSED: XX Rx _OTC 
SUPPORTING AND RELAl'ED DOCUMENTS' 

CONSUL TS: Environmental Assessment: FONS! letter issued and signed by Dr. Jerussi 26-JUN-95 
Microbiology I Sterilization Validation, sent to Dr. Cooney, HFD-160 13-APR-95. 

CHEMICAL NAME, STRUCTURAL FORMULA & MOLECULAR FORMULA: 

5,5-dipheny!-3-f(phosphonooxy)methy!]-2,4-imidazofidinedione 
disodium salt 

C16H13N20 6PNa2•7 H20 Mol. Weight: 406.24 (anhydrous) 
532.35 (heptahydrate) 

f ' 
•2NI+ 

H • 71-i!O 

~o 
N ~ 

REMARKS/COMMENTS: 'cti!O 6:-°-
The 21-JUL-95 amendment was a response to 16-JUN-95 deficiency letter. A stability update for 
the drug product is included. CMC review issues are resolved, with the 
exception of Microbiology and DMF Inspections and methods validation are still outstanding. 

CONCLUSIONS & RECOMME:NDATIONS: 

As inspections, Microbiology review are not yet completed and manufacturing deficiencies in OMF 
have not been corrected the application is Not Approvable for Chemislly at this time. 

cc: Orig. NOA 20-450 
HFD-120/Division File 
HFD-120/MHeimann/16-AUG-9ti 
HFD-120/RNlg"-"der 

HFD-120/SBlu~ J~/fz/'iS 

~4~~As-
Martha R. Heimann, Ph.D., Review hl1llit 
Filename: N20-240.002 



DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS 
Review of Chemistry, Manufacturing, and Controls •• 

NOA#: 20-450 

Submlulon Tvpt Document Q1te 
ORIGINAi. 14-JUL-94 
RESUBMISSION 22-l'EB-95 
AMENDMENT 21-JUL-115 
AMENDMENT No. 15 27-SEP-95 
AMENDMENT No. 17 27.0CT-95 
AMENDMENT No. 18 27.0CT-95 
AMENDMENT No. 22 04-JAH..96 

NAME AND ADDRESS OF APPLICANT: 

DRUG PRODUCT NAME: 
Proprletlry: 
Nonpropr!etlry/Eatlbllahtd/USAN: 
Code N1mt/#: 
Chem. Type/Therapeutic Cl1aa: 

CHEMISTRY REVIEW: # 3 

CQER p1tt Aglgntc;I P•tt P•tt RtvllWfd 
1 S-JUL-94 04.t.UG-94 • 
23-FEB-95 24-FEB-115 OS-JUN-95 
24-JUL-95 16-AUG-95 
28-SEP-95 02-FEB-96 
30-0CT-95 02-FEB-96 
JO-OCT-115 02-FEB-96 
05-JAN..96 02-FEll-96 

PARKE-DAVIS PHARMACEUTIC.~L RESEARCH 

Division of Warner-Lambert Company 
2800 Plymouth Road 
Ann Arbor, Ml 48105 

CEREBVX-
fosphenytoin SOdium, injection 
Cl-982 
1S 

DESI I Patent Status: U.S. Patent 4,260,769, expiration date April 7, 1998 (drug substance) 
U.S. Patent 4,925,860, expiration date May 15, 2007, (drug product) 

PHARMACOLOGICAL CATEGORY/ INDICATION: Anti-epileptic 
DOSAGE FORM: Injection 
STRENGTHS: 75 mg/ml 
ROUTE OF ADMINISTRATION: IV/ IM 
DISPENSED: M..._ Rx _OTC 
SUPPORTING AND RELATED DOCUMENTS: 

CONSUL TS: Environmental Assessment: FONSI letter was signed by Dr. Jerussi on 26-JUN-95 
Microbiology I Sterilization Validation: Reviewed by Dr. David Hussong, HFD-805, r.:!turned to 

HFD-120 on 29-DEC-95. Minor deficiencies will be included in action letter 'io sponsor. 

CHEMICAL NAME, STRUCTURAL FORMULA & MOLECULAR FORMULA: 

5,5-diphenyl-3-[(phosphonooxy)methyl]-2,4-imidazolidinedione disodium salt 
C,6H13N20 6PNa2•7 H20 Mol. Weight: 406.24 (anhydrous) 

532.35 (heptahydrate) 

REMARKS/COMMENTS: 

Several minor amendments were submitted after completion of Review #2. Change in expiration da!e from 
18 months to 24 months (01-JAN-se amendment)will require adjustment of the post-approval stability protocol. 
Site inspections are complete and a copy of the EER is attached. OM. was revised on 18-SEP-95 and 
is satisfactory for use of phenytoin in synth.!Sis of fosphenytoin. Methods Validation is not complete. 

CONCLUSIONS & RECOMMENDATIONS: 

Recommend APPROVABLE for Chemistry. The firm should increase stability sterility testing to ensure the 
product remains sterile through a 24 month expiration date [Draft letter attached] and correct microbiology 
defic1enc1es. Letter to ~ponsor should contain standard methods validation paragraph. 

cc: Orig. NOA 20-450 
HFD-120/Division File 
HFD-120/MHeima .• 1102-FEB-96 
HFD-120/RNighswander 'fJ 
HFD-120/SBlum/lniL /j Iii r~ 

I 4 /g/0~ 

111..-1J'5a? !L ,,~ z/2/f(,. 
Martha R. Heimann. Ph.D., Review Che~ist 
Filename: N20-240.003 



DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS 
Qeiliew of Chemistry, Manufacturing, and Controls 

NDA#: 20-450 CHEMISTRY REVIEW: # 4 

Submilflon Typt 
ORIGINAL 
RESUBMISSION 
AMENDMENT 

Pocument Patt 
14-JUL-IM 
22-FES-95 
05-SEP-95 

NAME AND AC DRESS OF APPLICANT: 

om:G PRODUCT NAME: 
Proprietary: 
NonproprletarylCstabllshed/USAN: 
Code Name/#: 
Chem. Type/Therapeutic CllU: 

CQERQ1tt 
15-JUL-94 
23-FES-95 
06-SEP-95 

AulQDld Pat• 
04-AUG-IM 
24-FES-95 

Dig Revltwld 
NIA 
05-JUN-95 
22-FES-96 

PARKE-DAVIS PHARMACEUTICAL RESEARCH 
Division ofwamer-Lambert Company 
2800 Plymouth Road 
Ann Arbor, Ml 48105 

CEREBVX-
fosphenytoin sodium. in)'3Ction 
Cl-982 
1S 

DESI I Patent Status: U. S. Patent 4,260,769, expiration date April 7, 1998 (drug substance) 
U.S. Patent 4,925,860, expiration date May 15, 2007, (drug product) 

PHARMACOLOGICAL CATEGORY/INDICATION: 
DOSAGE FORM: 
STR1'!NGTHS: 
ROUTE OF ADMINISTRATION: 
DISPENSED: 

SUPPORTING AND RELATED DOCUMENTS: 

Anti-epileptic 
Injection 
75mg/mL 
JV /JM 
M_Rx _OTC 

CONSULTS: Environmental Assessment: FONSJ letter was signed by Or. Jerussi on 26-JUN-95 
Microbiology I Sterilization Validation: Reviewed by Or. David Hussong. HF0-805, returned to 
HFD-120. on 29-DEC-95. Minor deficiencies will be incJuded in action letter to sponsor. 

CHEMICAL NAME, STRUCTURAL FORMULA & MOLECULAR FORMULA: 

5.5-diphenyl-3-[(phosphonooxy)methylj-2,4-imidazoJidined1one disodium salt 
C,6H13N,O.PNa2•7 H20 Mol. Weight: 406.24 {anhydrous) 

532.35 (heptahydrate) 

REMARKS/COMMENTS: 

& 
0 2No+ 
• 7 H,O 

~o 
~ 9 

0 'CftQ~-0 
b 

The 05-SEP-95 amendment contained additional copies of the sponsor's Methods Validation package and 
sample identification (lot ffs etc). Methods validation was performed by the DOA laboratory in St. Louis and 
by the Detroit District laboratory. Both analysts were able lo reproduce the methods and found them generally 
satisfactory with some comments [see review notes]. 

CONCLUSIONS & RECOMMENDATIONS: 

Methods validation is completed and methods validation paragraph in action letter is not necessary. The NOA 
remains APPROVABLE for Chemistry with minor deficiency noted in Review No. 3 (02-FEB-96) 

cc: Ong. NDA 20-450 
HFD-120/Division File 
HF0-120/MHeiman~~EB-96 
HFD-120J!'!ft;gl'ltflGPI IL 

HFD-120/SBlum/~;~/~ 

Jny..l/4i~~ w.ldt_!!_ 
Martha R. Heimann. Ph.D .. Revi- Chemist 
Filename: NW-240.003 



DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS 
Re~ of Chemistry, Manufacturing, and Controls 

NDA#: 20-450 CHEMISTRY REVIEW: #5 

Submilalon Type Document D1t1 

New Correspondence 13-MAR-96 
Amendment 12-APR-96 

CQERQltl 

14-MAR-96 
19-APR-96 

Ay!gntd Pitt 

15-APR-96 

Pitt Rtyltwtd 

10-MAY-96 
10-MAY-96 

NAME AND ADDRESS OF APPLICANT: PARKE-DAVIS PHARMACEUTICAL RESEARCH 
Division of Warner-Lambert Company 
2800 Plymouth Road, Ann Arbor, Ml 48105 

DRUG PRODUCT NAME: 
Proprlellry: 
Nonproprlet1ry/Estlbll1hed/USAN: 
Code N1mt/#: 
Chem. Type/Thenipeut!c Cl11:1: 

CEREBVX-
fosphenytoin sodium, injection 
Cl-982 
1$ 

DESI/ Patent Stltus: U. S. Patent 4,260, 769, expiration date April 7, 1998 (drug substance) 
U. S. Patent 4,925.860. expiration date May 15, 2007, (drug product) 

PHARMACOLOGICAL CATEGORY/ INOICA TION: 
DOSAGE FORM: 
STRENGTHS: 
ROUTE OF AOMINISTRA TION: 
DISPENSED: 

SUPPORTING AND RELATED DOCUMENTS: DMF 

Anti-epileptic 
Injection 
75 mg/ml 
IVllM 
2QL_Rx _OTC 

JU. f 0 'On 1,;uS 

CONSUL TS: Environmental Assessment: FONSI letter was signed by Dr. Jerussi on 26-JUN-95 
Microbiology I Sterilization Validation: Reviewed by Dr. David Hussong, HFD-805, returned to HFD-120 on 
29-DEC-95 with deficiencies. 
Microbiology portion of 13-MAR-96 response reviewed by Or. Husson9, returned to HFD-120 on 19-APR-96 
with approval recommendation. 

CHEMICAL NAME, STRUCTURAL FORMULA & MOLECULAR FORMULA: 

5,5-diphenyl-3-{(phosphonooxy)methy~-2.4-imidazolidinedione disodium salt 
C,.H,,N,OePNa,-7 H20 Mol. Weight: 406.24 (a!'lhydrous) 

532.35 (heptahydrate) 

REMARKS/COMMENTS: 

Two submissions dated 13-MAR-96 were a partial to the 23-FEB-96 approvable letter. The CMC and 
microbiology responses (with some :ypographical correctiOns to the microbiolC'IJY section) are repeated in the 
12-APR-96 amendment. All CMC ISSUl!ll have been resolved. Draft labeling expressing fosphenytoin content 
cf the drug product as 'phenytoin equiValents' was sublT'itted in response to the Agency's request [refer to 
~:;view notes] 

CONCLUSIONS & RECOMMENDATIONS: 

Chemistry 11".:>rmation 1s correct With mir10r revisions suggested 
concurrence with Labeling 1s necessary. 

Medical Reviewer's 

• 
cc: Ong NOA 2o-450 
HF0-120/01vision File 
HFD-120/MHeimann/10-MA Y-96 
HFD-120/RNigh&Wander y) 

HFD-120/SBlumiJ!liL ) !fr ~ 
)~~~~I Wo<h\ "'h/10 Ma a R. Heimann. Ph.D .. Review Chemist 

Filename: N20-450 005 

/ cf((}( Y6 



DIVISION OF NEUROPHARlllACOLOGICAL DRUG PRODUCTS 
Review of Chemistry, Manufacturing, and Controls 

• • NOA#: 20-450 CHEMISTRY REVIEW: #6 

Sybml11lgn Typt 

Amendment 
Amendment 

Qpcym1nt P•tt 
14-MAR-96 
12-JUL-96 

CQEBQ1tt 

1~-96 
15..JUL-96 

Aglgn!d Q1t1 

18-JUL-96 

Q1tt BtyjfW!d 

18-JUL-96 
18-JUL-96 

NAME AND ADDRESS OF APPLICANT: PARKE-DAVIS PHARMACEUTICAL RESEARCH 
Division of Warner-Lambert Company 

DRUG PRODUCT NAME: 
Proprlttlry: 
NonproprlttlrylEstlbllahtdJUSAN: 
Codt N1mtl#: 
Chtm. Typt/Th1r1p1utlc Clas: 

2800 Plymouth Road, Ann Arbor, Ml 48105 

CEREBVX-
losphenytoin sodium, injection 
Cl-g82 
1S 

DESI I Patent Stltu1: U. S Patent 4,260, 769, expiration date April 7, 1998 (drug substance) 
U.S. Patent4,925,860, expiration date May 15, 2007, (drug product) 

PHARMACOLOGICAL CATEGORY/ INDICATION: 
DOSAGE FORM: 
STftENGTHS: 
ROUTE OF ADMINISTRATION: 
DISPENSED: 

SUPPORTING 14NO RELATED DOCUMENTS: DMF 

Anti-epileptic 
Injection 
75 mg/ml 
IV/IM 
lQLRx _OTC 

CONSUL TS: Environmental Assessment FONSI letter was signed by Dr. Jerussi on 26-JUN-95 
Microbiology I Sterilization Valid'ation: Reviewed by Dr. David Hussong, HFD-805, returned to HFD-120 on 
29-DEC-95 with deficiencies. 
Microbiology portion of 14-MAR-96 response reviewed by Dr. Hussong, returned to HFD-120 on 19-APR-96 
with approval recommendation 

CHEMICAL NAME, STRUCTURAL FORMULA & MOLECULAR FORMULA: 

5, 5-diphenyl-3-{(phosphonooxy)methyl)-2,4-imidazolidinedione dlsodiurn ~It 
C,6H,,N20,PNa,•7 H,O Mol. Weight 406.24 (anhydrous) 

532.35 (heptahydrate) 

REMARKS/COMMENTS: 

The 12-JUL-96 submission contains final printed labeling for the package insert, vials and cartons. At thu 
request of the clinical review division, the labeling was revised to show both the actual weight of losphenytoin 
contained and the equivalent w.aight of phenytoin sodium. The labeling is acceptable to chemistry and there 
are no CMC issues outstanding. 

CONCLUSIONS & RECOMMENDATIONS: 

Recommend Approval for Chemistry. 

cc: Orig. NOA 2~50 
HFD-1201Div1s1on File 
HF0-120/MHeimannl18-JUL-96 
HFD-120/RNighswander ')~ /'{) 
HFD-120/SBlumlln!l;) I} V r ;;> 

~ ' /.--, J;,1 -
f i/ '" ~!«; '¥.. fiau ....,...__ 

Martha R. Heimall:f'lh.o .. Review Chemist 
Filename: N2~50.006 



(. -'- DEPARTMENT Of HEALTH & HUMAN SERVICES Public Health Service 

··-.-::i~ ------

NOA 20-450 

Parke-Davis Pharmaceutical Research 
Division of the Warner-Lambert Company 
Attention: Irwin G. Martin. Ph.D 
2800 Plymouth Road, P.O. Box 1047 
Ann Arbor, Ml 48106-1047 

Dear Dr. Martin: 

Food and Drug Adm1nrstrat;on 
Rockville MD 20857 

SEP I 2 1994 

Reference is made to your new drug ;opplication submitted under section 505(b) of the 
Federal Food, Drug, and Cosmetic Act for Fosphenytoin Sodium Injection (Cerebyx®). 

Or. the basis of our initial review of your New Drug Application referred to above. 
received on July 15, 1994 and acknowledged on July 28, 1994, we have determined that 
the application is not acceptable for filing under 21 CFR 314.101 (d)(3). 

The application is incomplete beca..ise it does not on its face contain information required 
under section 505(b) and 21 CFR 314.50(d)(5). 

Clinical Safety Data: 

1. Inadequate studies to show that the product will be safe for use under the 
conditions of use recommended in the proposed labeling. 

The application contains reports of only 4 patients with status epilepticus who 
have been treated with fosphenytoin at rates of infusion at or above 225 mg/min. 
Experience in normals at this dose and rate combination is also limited; although 
the application does not supply a precise number, preliminary review estimates 
that no more than 20 normals may have been so exposed. 

Accordingly, the information submitted is inadequate to permit a substantive 
assessment of whether or not fosphenytoin will be safe for use when administered 
under the conditions of use recommended in the Dosage and Administration 
Section of the proposed labeling which recommends, for the treatment of Status 
Epilepticus, that an intravenous dose of 22.5 to 30 mglkg given "At least 150 
mg/min up to 225 mg/min" be administered as a single dose. Additionally, the 
section recommends, for the treatment or prophylaxis of seizures, that an IM 



NOA 20-450 2 

or IV administration of 15 to 30 mg/kg fosphenytoin be given "up to 225 mg/min" 
as a single dose. 

2. Lack of tests and/or reports on tests to show that the drug will be safe ior use; a 
lack of information on the plasma concentrations of formaldehyde: 

The application does not provide re'lorts on the concentration of formaldehyde 
formed in plasma during the administration of your product when used as 
recommended in product labeling. Formaldehyde is a toxir, and is formed during 
the conversion of fosphenytoin to phenytoin. 

Your firm has been advised repeatedly for the need to provide this information, 
and has, nevertheless, failed to do so. 

·Ne note that your NOA SUMMARY;NDA Overview subsection (Item 2.2, page 
106) discusses this and states that a complete discussion of this issue could be 
found unaer NOA Item 5, section 5.5.4.6, Tab 55. Our preliminary review of the 
cited reference to clinical data (RR 744-00024, Study 9653-86-01) reveals, 
however, that NO data res"arding formate levels in human trials is included in the 
cited study report. 

Environmental Assessment 

Although not reasons for this Refuse to File Action, our environmental assessment staff 
has completed a preliminary review of your EA and has asked that the following 
comments be forwarded. 

1. General issues: 

a. The drug substance and drug product are incorrectly identified throughout 
the environmental assessment (e.g., the drug substance is identified as 
Fosphenyto1n instead of the sodium salt). Please correct the 
environmental assessment (pages 3-28) to reflect the correct termim,logy. 

b. The information in the Environmental Assessment is releasable under the 
Freedom of Information Act. Any proprietary information should be 
provided in Appendices and be clearly marked as confidential. Some of 
the information included in your environmental assessment may be 
confidential (e.g., the list of raw materials used in the synthesis of 
Fosphenytoin Sodium or the fifth year production estimates). If you wish 
you may move this information to an app•:mdix and provide only summary 
information in the actual environmental assessment. 



NOA 20-450 3 

c. A flow diagram for the synthesis of the drug substance and the 
manufacturing process for the drug product was provided by FAX on 
August 22, 1994. Please provide an official copy to the file. 

2. Please describe the locations where the drug pwduct is expected to be Llsed 
(Section IV}. 

3. What is the disposition of returned or expired drug product and rejected drug 
substance (Section IV)? 

4. The Identification of Chemical Substance (Section V) should be revised to incluoe: 

a. The correct Chemit.al Name; i.e., the sodium salt; 

b. An appropriate synonym (i.e., sodium salt) with a reference (IUPAC, USAN, 
etc.,); 

c. A structural formula; 

d. A list of the additives used or lack thereof; and 

e A list of the impurities or lack thereof. 

5. A Materiai Safety Data She"'t for Fosphenytoin Sodium should be provided 
(Section V). 

6. Incomplete information (except for HEPA/air handling at Rochester) is provided 
regarding the introduction of substances in the environment, specifically the 
controls, effect of compliance with current emissions requirements, and estimate 
oi the quantities and concentrations of substances expected to enter the 
environment (Section VI). 

a. For ai•. liquid and solids emissions originating at both the Holland and 
Rochester facilities the following should be provided: 

1. Emission permit numbers, authorizing Agencies and permit 
expiration dates; 

11. Applicable emission requirements (both qualitative and quantitative); 

111. An estimate, through use of calculations or direct measure. of the 
possible quantities and concentrations of substances expected to 
enter the environment (i';fth year production estimatGs); and 



NOA 20-450 

IV. Effect of the quantities/concentrations (from 6.a.iii.) on meeting both 
the qualitative and quantitative emission requirements. 

Inclusion of actual permits is not required. For ease of review it is 
preferred that this information be presented in a table format. 

Any of the requested information that is not applicable to a specific 
permit/emission (e.g., permit expiration date, quantitative emission 
requirement) should be clearly indicated/explained. 

If Warner Lambert does not have direct control (permits) over the waste 
disposal (e.g., solid waste), the contractors and/or facilities involved 
should be identified. 

4 

b. There are three air permits pending approval at the Holland facility for this 
product. Please update the status of these permits and indicate when 
approval is expected. 

c. A discussion of the disposal of solid waste generated by the production of 
the material at the Holland facility should be included. 

d. On pages 10 and 11 the expected environmental concentrations should be 
identified as "maximum" not "minimum". 

7. Citation of and a statement of compliance with any appropriate Federal, State and 
Local occupational exposure requirements should be provided (Section VI). 

8. The following are in regards to the fate of the emitted substances in the 
environment (Section VII) 

a. The estimated percent excreted as phenytoin and hydroxyphenytoin should 
be provided if available. 

b. No information was provided regarding hydrolytic stability or dissociation 
constants for the compounds of interest. 

c. For the water solubility determination, a complete test report which includes 
information such as the methodology used, study site, temperature at 
which the solubility was determined and the HPLC method should be 
provided. If the HPLC method is the one included in the NOA it need only 
be referenced by number. 
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d. For the partition coefficient determination a complete test report which 
includes information such as the test methodo:ogy, the study site, 
concentrations at which the study was performed !Note: FDA methodology 
requires that 2 different concentrations be used) and the HPLC method 
should be provided. If the HPLC method is the one included in the NOA 
it need only be referenced by number. 

e. The conclusion regarding the aquatic photolytic degradation of 
Fosphenytoin Sodium (page 17, last sentence in second paragraph) should 
be revised to indicate that photolysis is not a primary removal mechanism 
of Fosphenytoin from the environment. 

f. You have indicated that aerobic aquatic biodegradation of 
Hydroxyphenytoin is rapid and that it has been proven/demonstrated to 
completely degrade to CO, (pages 17 and 21) The data provided does not 
support these conclusions. The appropriate statements should be revised 
to state that the data indicates that this biodegradation will occur, but that 
it is not rapid. 

9. Please revise Section XI to state that based on the data you believe that there will 
be no impact on the environment (or similar wording). 

10. You state that no consultan~s were used (Section XII), but have used the services 
of at least . _ Please revise as 
needed. The Curricula vitae cited were not included in Appendix 26. 

Within 30 days of the date of this letter, you may request in writing an informal 
conference about FD.ti's refusal to file the application. To file this application over FDA's 
protest, you must avail yourself of tn1::; :nformal conference. 

Should questions arise regarding this application, please contact Mr. Robbin 
Nighswander, Project Manager, at (301) 594-2777. 

,; --.. // 

Sincereliyours, 1
, , 

/~---- . L ( . ,-;c-· ,./ .....___ 
' ~ ,,/ -------..._ 

( _...,.,-· 
Paul Leber, M.D. 
Director 
Division of Neuropharmacological 

Drug Products 
Office of Drug Evaluation I 
Center for Drug Evaluation and Research 



DEC 2 2 P9S 
REVIEW FOR HFD-120 

OFFICE OF NEW DRUG CHEMISTRY,~ .. 
·.·.;..;.· 

MICROBIOLOGY STAFF 
MICROBIOLOGIST'S REVIEW #1 OF NOA 

19 December' 1995 

~f:TllQAI 

I.lei; ~ > ,~,~ 

A. I. NOA 

SPONSOR 

20-450 

Parke-Davis Phannaceutical Rese.'.lrch 
Division of Warner Lambert 
2800 Plymouth Road 
P.O. Box 1047 
Ann Arbor, MI 48106-1047 

2. PRODUCT NAMES: Cerebyx~ (fosphenytoin sodium) 

3. DOSAGE FORM AND ROUTE OF ADMJNISIRATION: A sterile solution 
containing 75 mg/mL of 10 mL (in 10 mL vials) and 2 mL (in 3 mL vials}, for 
injection 

4. METIJODCS> OF STER!LIZATION: Aseptic filling of filtered solution 

5. PHARMACOLQGICAL CATEGQRY: Neuropharmaceutical for treatment of 
epilepsy 

6. DRUG PRIORITY CLASSIFICATION: IS 

B. I. DATE OF INITIAL SUBMISSION: 22 February 1995 (Subject of this review) 

2. DATE OF AMENDMENT: 27 October 1995 (Also the subject of this review) 

3. RELATED DOCUMENTS: DMF 
DMF 

4. ASSIGNED FOR REVIEW: 2 May 1995 (original) and 15 November 1995 
(amendment) 

C. REM~: The applicant provides a rather comprehensive sterility assurance 
document in the original submission. Originally, fill Jines 1, 4. ~ were described for 
this product's manufacture. The amendment (27 October .-~~- . ·s information, 
deleting fill line 9, and correcting minor details. 't•._\.. ;\~'\. 

'I ~- Ui.. !'Y • r. "· -::~ 
~· ,..--,s;e,.; , '- I .._ ',, 

( ~ 

•Ole!~ AiY4 • ! 
•. 
·f 

-



NDA 20-450 Microbiologist's Review #1 

D. CONCLUSIONS: ThC"application is not recommended for approval for reasons of 
sterility assuran;;c. Specific comments arc provided in section 

cc: 

in the "Microbiologist's Draft of Letter to the Applicant". Stability information was not 
part of the consultative review package but was shown in the NDA index, so the review 
chemist should assure conformance of the testing schedule with Center policy. 
Labelling was not provided, and rhis product is n<>t suitable for multiple dose use. 

HFD-850/Consult File 
HFD-120/CSO 
HFD-120/M. Heimann 
HFD-805/Consult File 
HFD-805/D. Hussong 

Drafted by: D. Hussong, 12/19/95 
RID initialed by: P. Cooney, 12/ 195 

Filename. c:ldlnda\20450.rvl 

Page 2 



REVIEW FOR HFD-120 
MAY I 5 1996 

OFFICE OF NEW DRUG CHEMISTRY 
~ · MICROBIOLOGY STAFF 

MICROBIOLOGIST'S REVIEW #3 OF NOA 

-

A. 1. NOA 20-450 

9May1996 
oCTr IRM -b:r 

MAY I \) 1'196 

SPONSOR Parke-Davis Pharmaceutical Research 
Division of Warner Lambert 
2800 Plymouth Road 
P.O. Box 1047 
Ann Arbor, MI 48106-1047 

2. PRODUCT NAMES: Cerebyx~ (fosphenytoin sodium) 

3. DOSAGE FORM AND ROUTE OF ADMINlSIRAlJQN: A sterile solution 
containing 75 mg/mL of 10 mL (in 10 mL vials) and 2 mL (in 3 mL vials), for 
injection 

4. METRODCSl OF SIERIUZATION: ~ptic filling of filtered solution 

5. PffARMACOLOGICAL CATEGORY: Neurophannaceutical for treatment of 
epilepsy 

6. DRUG PRIORITY CLASSIFICATION: lS 

B. 1. DATE OF INITIAL SUBMISSION: 22 February 1995 (subject of Microbiologist's 
Review #1, 19 December 1995) 

2. DATE OF AMENDMENTS: 27 October 1995 (also the subject of 
Microbiologist's Review #1, 19 December 1995); 14 March 1996 (subject of 
Microbiologist's Review #2, 9 April 1996); and 12 April 1996 (subject of this 
review) 

3. RELATED DOCUMEN'TS: DMF 
DMF 

4. ASSIGNED FOR REVIEW: 22 April 1996 

C. REMARK.S: The applicant provided a rather comprehensive sterility assurance 
document in the original submission, and addressed 5 deficiency items in the 14 March 
19% amendment. These were acceptable in Microbiologist's Review #2, but some .. 
typographical errors were detected. The applicant chose to correct these errors by 
resubmitting the infonnation from the 14 March 19% amendment. The typographical 



NOA 20-450 Microbiologist's Review #3 

errors were annotated allll corrected in this submission. No deficiencies were offered in 
Microbiologist's Review #2, and no further review is provided here. 

D. CONCLUSIONS: The application is recommended for approval for reasons of sterility 
assurance. 

cc: 
HFD-850/Consult File 
HFD-120/CSO 
HFD-120/M. Heimann 
HFD-805/Consult File 
HFD-805/D. Hussong 

Drafted by: D. Hussong, 05109196 
RID initialed by: P. Cooney, 05/ 196 

Fil•namo. c:ldlnda\20-4SO.rv3 

Page 2 
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_ ... -,., 
(." -"- DEPARTMENT OF HEALTH & HUMAN SERVICES 

··~::::z~ 
Public Health Service 

( 

NOA 20-460/5-008 

Roche Global Development 
Paid Alto 
Attn: Barbara S.T. 1eynolds, Ph.D. 
Regulatory Program Director 
3401 Hillview Avenue 
Palo Alto, CA 94304 

Dear Dr. Reynolds: 

Food and Drug Administration 
Rodwille MD 20857 

Please refer to your June 2, 1997, supplemental New Drug Application (NOA) 
submitted pursuant to section 505 (b) of the Federal Food, Drug, ;ind Cosmetic Act 
for Cytovene® (ganciclovir) 500mg capsules. 

We acknowledge receipt of your amendments dated: 

September 30, 1997 
October 16, 1997 

November 17, 1997 
November 20, 1997 

November 25, 1997 

This supplemental application provides for a 500mg strength of Cytovene 
(ganciclovir capsules). 

We have completed our review of this supplemental application, including the 
submitted draft labeling, and have concluded that adequate information has been 
presented to- demonstrate that the drug product is safe and effective for use as 
recommended in the November 25, 1997 draft labeling. Accordingly, the 
supplemental application is approved effective on the ddte of this letter. 

The final printed label (FPL) must be identical to the November 25, 1997 draft 
labeling. Marketing the product with FPL that is not identical to this draft labeling 

- ~ may render the product misbranded and an unapproved new drug. 

Please submit 20 copies of the FPL as soon as it is available, in no case more than 
30 days after it is printed. Please individually mount ten of the copies on heavy
weight paper or similar material. . For administrative purposes, this submission 
should be designated "FINAL PRINTED LABELING for approved NOA 20-460/S-
008." Approval of this labeling is not required before it is used. 

Should additional information relating to the safety and effectiveness, of the drug 
become available, revision of that labeling may be required. 



( Please submit one market package of the drug when it is available. 

We remind you that you must comply with the requirements tor' an approved NOA 
set forth under 21 CFR 314.80 and 314.81. 

. .-
If you have any q•Jestions, please contact Terrie L. Crescenzi, R.Ph., Regulatory 
Management Officer, at (301) 827-2335. 

Sinct:orely yourn, 

,1 l /") c . --, 
/J.,.L.IM..-.--; j~.__,_:...., /057 
Debra Birn'krant, M. D. 
Acting Director 
Division of Antiviral Drug Products 
Office of Drug Evaluation IV 
Center for Drug Evaluation and Research 



( Concurrence: 
HF0530/ADepDir/Dempsey 'ft/; t~\ l~(q~ 
HF0-530/MTL/Behrman tJO ·~/11 /4'1 
HFD-530/MO/Martin ~ 11Qlt.q?' 
HFD-530/Chem TL/Millllf ~ 1zi11 /1 '7 
HFD-530/Chem/Lo ~ L 1 af"h1 
HF0-530/6k1pharmTL/Jenkin~ ~11J<n 
HFD-530/Biopharm/Sekar~t_.ij,(Jq't. 
HF0-530/SCSO/ADeCicco-.).9 i~·h ·'Vl 
HFD-530/CSO/Crescenzi t2 1~/1•197 

cc: 
HFD-530/0riginal NOA 20-460/S-008 
HFD-530/Division File 
HF-2/MedWatch (with draft/final labeling) 
HFD-2/Lumpkin 
HFD-80 
HFD-40 (with draft/final labeling) 
HFD-613 (with draft/final labeling) 
HFD-735 (with draft/final labeling) 
District Office 
HFD-222/New Drug Chemistry Division Director 
HFD-5'.".0/Behrman 
HFD-530/Martin 
HFD-530/Crescenzi 
HFD-530/Lo 
HFD-530/Sekar 

Approval Date: 

Approval (AP! 

. .-

• 



( DEBARMENT CERTIFICATION 

.-
Syatn (USA) Inc. hereby <ertif'"ia that it did not and will not UK in any capacity the services of 

any penon debarred under 21 U.S.C. 306(a) and (h), in conner.lion with this appli<alion. 

( 
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PA TENI~FORMATION FOR SUPPLEMENT _IQ ND'.\ NO. 20-460 

1) Active lngredient(s): ganciclovir . .-. . 

2) Strength( s): 500 mg capsules 

3) Trade Name CYTOVENE 

4) Dosage Form and Route 
of Administration: capsule; oral 

5) Applicant (Firm) Name: Syntex (U.S.A.) Inc 

6) NDA Supplement Number: S-008 

7) First Approval Date of original NOA: 1?122194 

First Approval Date of 
Supplemental NOA: Not yet approved• 

8) Exclusivity: Not applicable 

9) Patent Information: See Attachment 

CONFIDENTIAL INFORMATION 
.. 

"Since the New I lrug Application Supplement has not yet been approved. this 
submission is considered as constituting trade secrets or commercial or financial 
informatrun which is privileged or confidential with111 the meaning of the Freedom 
of Information Act (5 U.S.C. 552). It is requested that this submission not be 
published until the New Drug Application Supplement has been approved. 

Rev 12/97 
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ATTACHMENT 

First U.S. Patent Number: 4,355,032 

Expiration Date: June 23, 2003 

Type of Patent-Indicate all that apply: 

1. 
2. 
3. 

Drug Substance (Active Ingredient) 
Drug Product (Composition/Formulation) 
Method of Use 

.A._Y 
X_Y 
X_Y 

. .-

N 
N 
N 

If patent claims method(s) of use, please specify approved uses OF uses for -
which approval is being sought ma< ;" covered by patent: ~ent of 
cytomegatovirus . 

Name of Patent Owner: Syntax (U.S.A.) Inc. 

U.S. Agent (if patent owner or applicant does not reside or !lave place of 
business in the U.S.): 

The following declaration &tatement ia required if the above li&tad patent 
has Composition/Formulation or Method of Use claim&. 

The undersigned declares that the above stated United States 1-'atent Number 
4,355,032 covers the composition, formulation and/or method ot use of 
gancic:;lovu This product il'i: 

__ X_currently approved under the Federal rood, I >rug, and Cosmetic Act.) 

OR 

X ~ the sub1ect of this apphcat1 on for which approval is being sought ) 



( 

( 

------ ~ .... _,~~-·'••-· 

Seeond U.S. Patent Number: 4,423,050 

Expiration Date: May 21, 2001 

Type of Patent-Indicate all that apply: . .-
1. 
2. 
3. 

Drug Substance (Active Ingredient) 
Drug Product (Composition/Formulahon) 
Method of Use 

y 
_Y 
x y 

N 
N 
N 

If patent claims method(s) of use, please specify approved uses or uses for 
which approval is being sought that is co"ered by patent: ~nt of 
cytomegalovirus . 

Name of Pat8nt Owner: Syntex !U.S.A.) Inc. 

U.S. Agent (if patent owner or applicant does not reside or have place of 
business in the U.S.): 

The following declaration stat8ment is required if the above listed patent 
has Composition/Formulation or Method of Use claims. 

The undersigned declares that the above stated Umted States Patent Number 
4,423,050 co.,,ers the composit:on, formulalion and/or method ot use of 
ganc1clgvjr. This product is: 

X _ currently approvt.'<1 under the Federal rood, Druy, am! Cosmetic Act.) 

OR 

_X __ the subject of this application for wt.1ch approval rs being sought) 

.. 

-.!.IVUU 



. ·~. .. . . .~ .. ---------

( 

( 

Third U.S. Patent Number: 4,507,305 

&piration Data: May 21, 2001 

Type of Patent-Indicate all that apply: 

1. 
2. 
3. 

Drug Substance (Active Ingredient) 
Drug Produd (Composition/Formulation) 
Method of Use 

_Y 
_Y 
x_ v 

. .-
N 
N 
N 

If patent claims method(s) of use, please specify approved uses or uses for 
which approval is being sought that are covered by patent: treatment of 
cytomeaalovims . 

Name of Patent Owner: Syntex (U.S.A.! Inc. 

U.S. Agent (if ploltent owner or applicant does not reside or have place of 
business in the U.S.): 

The following declaration stlltament is required if the above li&tad patent 
has Composition/Formulation or Method of Use claims. 

The undersigned declares that the above stated United States Patent Number 
4,507,305 covers the composition. formulation and/or method of use of 
qanciclovir This product is: 

_X ___ currently approved under the Federal Food, I >rug, and Cosmetic Act.) 

OR 

_X_the subject of this application for which approval is being sought.) 

.. 



( 

( 

.. , .. ,.;, ....... _. •·'·' 

Fourth U.S. Patent Number: 4,642,346 

Expiration Date: June 24, 2005 

Type of Patent-Indicate all that apply: 

1. 
2. 
3. 

Drug Substance {Active Ingredient) 
Drug Product (Composition/Formulat1on) 
Method of Use 

X __ Y 
y 
y 

. .-
N 
N 
N 

If patent claims method(s) of use, please specify approved uses or uses for 
which approval is being sought that are covered by patent 

Name of Patent Owner: Svntex (U.S.A.) Inc. 

U.S. Agent (if patent owner or applicant does not reside or have place of 
business in the U.S.): 

The following dKlaration statement is required if the above listed patent 
has CompositionlFormulation or Method of Use claims. 

The undersigned declares that the above stated United States Patent Number 
covers the composition, iormulation and/or method of use of __ _ 

This product is· 

currently appwved under the Federal Food. DrL•q, and Cosmetic Act.) 

OR 

the subject of ttus applicallOn for which approval is heing sought ) 

---·------

!J ~--~-c-·-· 
S1gned:~O~(f {, ~ O · - · \ 

Date. D .. " Q.,,.,.:kt..._ 1 1
1 

J 99 ·) 
Dtle: Ct11cf Patent C:ounsel, Hoffmann-La Hor.he Im; 

.. 

Telephone Number (973) 235 3656 

Acopy of the abov., information sho~ld be submitted with the NOA 1-;; patents 
issued after the NOA is filed or approved, the appllc:.ir.i is required to submit that 
information within 30 days of the date of issuanc:f! 0~ the patent 

-c.,, ........... 



( 
Trade Name 
Applicant Nam 
Approval Date 

PART I ISM 

I. An cxclusivil 
Complete PAR1 
following quesli 

a) Is it an or 

b) lsitanefl 

If yes, wha 

c) Did it req1 
to safety? 

If your answer ii 
exclusivity, EXP 
arguments made 

If it is a supplem 
change or claim 



( d) Did the applicant request exclusivity? 

YES/_/ NO/_A_j 

If the answer to (cl) is "yes", how many years of exclusivity did the applicant r~quest? 

.-
IF YOU HA VE ANSWERED 'NO' TO ALL OF THE ABOVE QUESTIONS, GO DIRECTLY TO THE 
SIGNATURE BLOCKS ON PAGE 8. 

2. Has a product with the same active ingrcdient(s), dosage fonn, strength, route of administration, and 
dosing schedule, previously been approved by FDA for the same use? 

YES/_/ NO!_/ 

If yes, NOA#---- Drug Name-----------

IF THE ANSWER TO QUESTION 2 IS 'YES", GO DIRECTLY TO THE SIGNATURE RLOCl<S ON PAGE 
8. 

3. Is this drug product or indication a DESI upgrade? 

YES/_/ NO !_I 

IF THE ANSWER TO QUESTION 3 IS "YES", GO DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 
8 (even if a study was required for the upgrade). 

PART II FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES 

(Answer either #I or #2 as appropriate) 

I. Single active ingredient product. 

Has FDA previously approved under section 505 of the Act any drug product containing the same active 
moiety as the drug under consideration? Answer "yes" if the active moiety (including other esterified forms, 
salts, complexes, chelates or clathrates) has been previously approved. but this panicular form of the active 
moiety. e.g., this particular ester or salt (including salts with hydrogen or coordination bonding) or other non
covalent derivative (such as a complex, chelate. or clathrate) has not been approved. Answer "not-if the 
mmpound requires metabolic conversion (other than deesterifkation of an esterified form of the drug) to 
produce an alreadv approved active moiety. 

YES/_/ NO/_/ 

-2-



( If "yes", identify the approved drug product(s) containing the active moiety, and, if known, the NDA #(s). 

NOA# ________ _ 

NOA# ________ _ 

NOA# ________ _ . .-

2. Combination product. 

If the product contains more than one active moiety (as defined in Part II, #I), has FDA previously approved 
an application under section 505 containing i!!!)'. one of the active moieties in the drug product? If, for 
example, the combination contains one-never-before-approved active moiety and one previously approved 
active moiety, answer "yes". (An active moiety that is marketed under an OTC monograph, but that was never 
approved under an NOA, is considered not previously approved). 

YES/_/ NOi_! 

If "yes", identify the approved drug product(s) conta;:iing the active moiety, and, if known, the NDA #(s). 

NDA # ---------

NOA# ________ _ 

( NDA # ________ _ 

IF THE ANSWER TO QUESTION I OR 2 UNDER PART II IS "NO", GO DIRECTLY TO THE 
SIGNATURE BLOCKS ON PAGE 8. IF "YES", GO TO PART Ill. 

PART Ill THREE-YEAR EXCLUSIVllY FOR NDA'S AND SUPPLEMENTS 

To qualify for three years of exclusivity. an application or supplement must contain "reports of new clinical 
investigations (other than bioavailability studies) essential to the approval of the application and conducted or 
sponsored bv the applicmt". This section should be completed only if the answer to PART II, Question I or 2 
\vas "vcs". • 

. 'l · 



( 

( 

I. Docs the application contain repons of clinical investigations? (The Agency interprets "clinical 
investigations" to mean investigations conducted on humans other than bioavailability studies). If the 
application contains clinical investigations only by vinue of a right of reference to clinical investigations in 
another application, answer "yes", then skip to question 3(a). If the answer to 3(a) is "yes" for any 
investigation referred to in another application, do not complete remainder of summary for that investigation . 

. -
YES/_/ NO/_/ 

IF "NO". GO DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8. 

2. A clinical investigation is "essential to the approval" if the Agency could not have approved the application 
or supplement without relying in that investigation. Thus, the investigation is not essential to the 2pproval if 
l) no clinical investigation is necessary to suppon the supplement or application in light of previously 
approved applications (i.e., information other than clinical trials, such as bioavailability data, would be 
sufficient to provide a basis for approval as an ANDA or 505(b)(2) application because of what is-already 
known about a previously approved product), or?.) there are published repons of studies (other than those 
conducted or sponsored by the applicant) or other publicly ava;iable data that independently would have been 
sufficient to suppon approval of the application. without refe...,nce to the clinical investigation submitted in 
the application. ' 

(a) In light of previously approved applications, is a clinical investigation ( either conducted by the 
applicant or available from some other source, including the published literature) necessary to suppon 
approval of the application or supplement? 

YES/_/ NO/_/ 

If "no", state the basis for your conclusion that a clinical trial is not necessary for approval AND GO 
DIRECTLY TO SIGNATURE BLOCK ON PAGE 8: 

(b) Did the applicant submit a list of published studies relevant to the safety and effectiveness of this 
drug product and a statement that the publiclv available data would not independently suppon 
approval of the application? • 

YES/ I NO/_ 

··l-



( (I) If the answer to 2(b) is "yes", do you personally know of any reason to disagree with the 
~pplicant's conclusion? 

YES/_/ NO/_J 

If yes, explain:--------------------------~--=---

(2) If the answer to 2(b) is 'no", are you aware of published studies not conducted or 
sponsored by the applicant or other publicly available date that could independently 
demonstrate the safety and effectiveness of this drug product? 

YES/_/ NOLJ 

If yes, explain: 

(c) If the answers to (b)(l) and (b)(2) were both "no", identify the clinical investigations' submitted in the 
application that are essential to the approval: 

Studies comparing two productS with the same ingreditnt(s) are considered to be bioavailability studirs for the 
purpose of this section. 

3. Ir. addition to teing essential, investigations must be "new" to support exclusivity. The agepcy interprets 
"new clin;cal investigati<m" to mean an investigation that I) has not been relied on by the agency to 
demonstrate the effectiveness of a previously approved drug for any indication and 2) does not duplicate the 
results of another investigation that was relied on by the agency to demonstrate the effectiveness of a 
previously approved drug product, i.e., does not redemonstrate something the agency considers to have been 
demon>trated in an already approved application. 

• 

-5-



( a) For each investigation identified as 'essential to the approval', has the inve~tigation been relied on by the 
agency to demonstrate the effectiveness of a previously approved drug product? (I(, the investigation was relied 
on only to support the oafety of a previously approved drug, answer "no"). 

Investigation #I YES !_I NO/_/ .-
Investigation #2 YES!_! NO!_! 

If you have answered "yes" for one or mor.o investigations, identify each such investigation and the NOA in 
which each was relied upon: 

b) For each investigation identified as "essential to the approval", does the investigation duplicate the results 
of another investigation that was relied on by the agency to support the effectiveness of a previously approved 
drug product? ' 

Investigation #I YES/_/ NO/_/ 

Investigation #2 YES/_/ NO/ _ _) 

If you have answered "yes" for on< or more investigations, identify the NOA in which a similar investigation 
was relied on: 

c) If the answers to 3(a) and 3(b) are "no", identify each "new" investigation in the application or supplement 
that is e'5ential to the approval (i.e., the investigations listed in #2(r), less any that are not "new"): 

·h· 



( 4. To be eligible for exclusivity, a new investigation that is essential to approval must also have been 
conducted or sponsored by the applicant. An investigation was "conducted or sponsored hy" the applicant if, 
before or during the conduct of the investigation, I) the applicant was the sponsor .of the IND named in t"e 
form FDA 1571 filed with Agency, or 2) the applicant (or its predecessol' in interest) provided substantial 
support for the study. Ordinarily, substantial support will mean providing 50 percent or more of the cost of 
the study. 

a) For each investigation identified in response to question 3{c): if the investig:..tion was carried out under 
an IND. was the applicant identified on FDA 1571 as the sponsor? 

Investigation #I 

IND# __ _ YES/_/ NO/_/ Explain: -----

Investigation #2 

IND# __ _ YES/ _j NO/_/ Explain:-----

b) r or each investigation not carried out under an IND or for which the applicant was not identified as the 
sp•Jnsor, did the applicant certify that it or the applicant's predecessor in interest provided substantial support 
for the study? 

Investigation #I 

YES/_/ Explain __ _ NO I _ _/ Explain ____ _ 

Investigation #2 

YES/_/ Explain __ NO/_/ Explain ___ _ • 

·I· 



( (c) Not withstanding an answer of "yes" to (a) or (b), are there other reasons to believe that the applicant 
should not be credited with having "conducted or sponsored" the study? (Purchased studies may not be used 
as the basis for exclusivity. However, if all nghts to the drug are purchased (not jus~ studies on the drug), the 
applicant may be considered to have sponsored or conducted the studies sponsored or conducted by its 
predecessor in interest) 

If yes, explain: 

,,,,,.,, __ / 
Signature of 
Project Manager 

Signature of 

YF.S /_/ NO/_! 

'• 

Acting Division Director 

cc: Orig NDA Div File HFD-85 

Date 

Date 

-8-
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PEDIATRIC PAGE 
(Complete for all original applications and all efficacy supplements) 

NDA/PLA/PMA # 20-460 Supplement # ___ o=o=a __ Circle one: SE 1 SE2 SE3 SE4 SE5 SE6 

HF0-530 Trade and generic names/dosage form: Cytovene lgancicfovir capsules! Artion: AP AC: NA 

Applicant Syntex !U.S.A.!. Inc. Therapeutic Class---------------

fndication(s) previously approved CMV disease prevention in solid organ transplant recjol'entj-and 
immunosuppressed patients. and treat1:ruinLQ.f CMV disease in organ transplant recipients end 
immunosuppressed patients. 
Pediatric information in labeling of approved indication(s) is adequate _K_ inadequate __ 

Indication in this application Proyides for a 500mg strength of Cytoyene !ganciclovir capsules) (For 
supplements, answer the following questions in relation to the proposed indication.) 

1. PEDIATRIC LABELING IS ADEQUATE FOR A!J. PEDIATRIC AGE GROUPS. Appropriate 
informarion has been submitted in this or previous applications and has been adequately 
summarized in the labeling to permit satisfactory labeling for all pediatric ag11 groups. Further 
information is not required. 

-1L 2. PEDIATRIC LABELING IS ADEQUATE FOR CERTAIN AGE GROUPS. Appropriate information 
has been submitted in this or previous applications and has been adequately summarized in the 
labeling to permit satisfactory labeling for certain pediatric age groups (e.g., ihfants, children, 
and adolescents but not neonates). Further information is not required. 

3. PEDIATRIC STUDIES ARE NEEDED. There is potential for llSe in children, and further 
information is required to permit adequate labeling for this use. 

a. A new dosing formulation is needed, and applicant has agreed to provide the 
appropriate formulation. 

b. A new dosing formulation is needed, however the sponsor is ~ not willing to 
provide it or is in negotiations with FDA. 

c. · The applicant has committed to doing such studies as will be required. 
(11 Studies are ongoing, 
12) Protocols were submitted and approved. 
(31 Protocols were submitted and are under review. 
(41 If no protocol has been submitted, attach memo describing status of discussions. 

d. If the sponsor is not willing to do pediatric studies, attach copies of FDA's written 
request that such studies be done and of the sponsor's written response to that reguest. 

4. PEDIATRIC STUDIES ARE NOT NEEDED. The drug/biologic product has little potential for use 
in pediatric patients. Attach memo explaining why pediatric studies are not needed. 

5. If none of the above apply, attach an explanation, as necessary. 

ATTACH AN EXPLANATION FOR ANY OF THE FOREGOING ITEMS, AS NECESSARY. 

/ l 1)>c Cft-
Signatur~ Jf Preparer and Title Date 

cc: Orig NDA/PLA/PMA II 20·460/S-008 
Div File 
NDA/PlA Actron Package 
HFD·0061 SOlmstead fplus. for COERICBER APs and AEs, copy of action letter and labelrngl 



( >NDA~~ 1. ORGANIZATION 
HFD-530 20-460 

SUPPLEMENTAL NOA 
CHEMIST'S REVIEW 

3. NAME AND ADDRESS OF APPLICANT (City and State) 4.AF!llUMBER 
Syntex (U.S.A.) Inc. -
3401 Hillview Avenue, M/SSl-200 5. SUPPLEMENT/SI 
Palo Alto, CA 94304 N'UMBERIS\ DATEISl 

SE2-008 6121'¥7 
6. NAME OF DRUG 7. NONPROPRIETARY NAME 

CYTOVENER- Ganciclovir 

8. SUPPLEMENT(S) PROVIDES FOR: 9. AMENDMENTS AND OTHER 
A 500 mg strength of CYTOVENE (ganciclovir capsules) (Reports, tic) DATES 

10/161'¥7, 111201'¥7, 11/25/97 
10. PHARMACOLOGICAL CATEGORY 11. HOW DISPENSED 12. RELATED IND/NDA/DMF(S) 

Antiviral NOA 20-460 Original 
JXI Rx I I OTC -

13. DOSAGE FORM (S) 14. POTENCY(IES) 
Ca~ules 500 m.,. 

15. CHEMICAL NAME AND STRUCTURE 16. RECORDS AND REPORTS 
9-([2-hydroxy-1-(hydroxymethyl)ethoxy)methyl)guanine Current 

I I Yes I I No 
Reviewed 

( 
I I Yes I I Nv 

17. COMMENTS 

NOA 20-460/SE2-008 provides for a 500 mg strength of CYTOVENE (ganciclovir capsules). The 500 mg capsules 
is identical in composition to the marketed 250 mg capsules, except for capsule shell size, color, and final 

fill weight, and is a direct scale-up of the 250 mg capsules. 

This submission contains the following information: 
1. CMC information for the 500 mg capsules 
2. Bioequivalence studies to compare the bioavailability of the 250 mg and 500 mg capsules. 
3. Labeling (package insert, anr1 container and carton labels) 

• 
18. CONCLUSIONS AND RECOMMENDATIONS 

The chemistry section of this supplement is approved. 

19. REVIEWER 
NAME ISIGNATU~ 

f C' 

I DATE COMPLETED 
Ko-Yu Lo, Ph.D. I <>-~-- 12/5/97 

20. CONCURRENCE: HFD-530/SMiller I 
DISfRIBUTION l X l Orim•1al Jacket IX I Division File X IKLo 

-1 X l TCres.-enzi -IX 1-IMartin ·I 
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW 

NDA: 20460 (008) 
DRUG: Cytovene" (ganciclovir) 
APPLICANT: Syntex Research 
TYPE: Supplement 
VOLUME(S): l, 8 - 13 

TABLE OF CONTENTS 
SYNOPSIS 
STUDY NUMBER GANS 2638 
STUDY NUMBER GANS 2686 

REVIEWER: Vanitlia J. Sekar, Ph.D. 
FORMULATION: 500 mg capsules 
SUBMISSION DATE: June 5, im . . 
LOGGED IN: June 16, 1997" 
FINAL REVIEW: December 5, 1997 

DISSOLUTION METHOD AND SPECIFICATION FOR 500 MG GANCICLOVIR 

APPENDIX 1: INDIVIDUAL DATA FROM STUDY GANS 2636 
APPENDIX 2: INDIVIDUAL DATA FROM STUDY GANS 2686 
APPENDIX 3: PROPOSED LABELING REVISIONS AND DRAFI' PACKAGE INSERT 

SYNOPSIS: 

Background: Ganciclovir is a synthetic nucleoside analog that inhibits replication of human 
herpes viruses. Intravenous ganciclovir is approved for the treatment of CMV retinitis in 
AIDS patic-nts and for the prevention of CMV disease in transplant patients. The oral 
formulation is indicated as an alternative to the intravenous formulation for maintenance 
therapy of CMV retinitis in immunocompromised patients, including patients with AIDS, in 
whom retinitis is stable following appropriate induction therapy and for whom the risk of a 
more rapid progression is balanced by the benefit associated with avoiding daily infusions. 
The maintenaDce dose for oral ganciclovir is 1000 mg t.i.d. with food. A.lternativ~ly, a 
regimen of 500 mg q3h 6 times a day with food, while awake, may be used. 

' - -. 

I 

The absolute bioavailability of ganciclovir after oral administration is low ( -53 to 9%). 
Plasma protein binding for ganciclovir is low (1to2%). Approximately 903 of an orally 
administered dose of ganciclovir is excreted unchanged in urine and feces within 5 days of 
administration. When administered orally, ganciclovir exhibits linear pharmacokineti~ up to a 
total daily dose of 4glday. Renal excretion of unchanged drug by glomen:lar filtration and 
active t'1bular secretion is the major route of elimination of gancidovir. The average half life 
following intravenr>us and oral ganciclovir is approximately 3.5 and 5 hours, respectively. 

Summary: This document contains reviews of two bioe4uivalence studies suhmitted as a 
supplement to NDA 20460. The cu"rrent formulation for oral ganciclovir, which has been 
arproved by the U.S. Food and Drug Admini~tration, is a 250 mg hard gelatin capsutz. In 
order to increase the convenience of dosing with oral ganciclovir, a 500 mg capsule 
formulation has been developed. Both formulations comain tl1c same ingredients in the same 
proportions and use the same type of hard gelatin capsule. The only differences between the 

< wpliks\nda"s\20-ltiO.OOR Drati X/5197. 9122197. 101719' 11/13/97. l l/21/97. 12/5197 
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fonnulations are the fill weights, capsule sizes, and capsule colors. 

c .. .....,1oaotG1 cichvtr508-C.nmlM 

lftsndienl WL Per copoule ("'I) 'lo w/w -0-iclovir 500 Aclive lncredienl 

l'oYidone - - -
Croteannellooe sodium NF -

MacMlium Sleonte -
Purifaed wuer 

. 

Toal nu weilfil (lboorelicall . --
Study GANS2638 was a pivotal study conducted to determine the bioequivalence under steady 
state conditions of the 500 mg capsule formulation (at a dose of 1000 mg q8h) of ganeiclovir to 
the 250 mg capsule formulation (at a dose of 1000 mg q8h). This was a single center, open 
label, randomized, two way crossover study in 14 RN-positive male subjects. Assessment of 
bioequivalence was done using 90% confidence limits for the pbarmacokinetic parameters 
AUCo-1 and C_.. AUC.... and c_ passed the criteria for bioequivalence. The statistical 
analysis indicated that the T.,.. for the reference (250 mg capsule) was significantly longer than 
for the test (500 mg capsule). 

Gm<ic:low c--•"' ...._ ... - Coalldence lnternls ,..,..._GAN26381 

C"""""'1 ....._,., Ralio(BIA) Lower Limi1 Upper Llmi1 

lnAUC.. 98.2'1 

1ne_ 102.1 ll 

Study GANS2686 was initiated as a result of the discovery of :i new crystal fonn~f _ 
ganciclovir in both the 250 mg and 500 mg capsules. The discovery was made after the 
approvai of the 250 mg capsule NOA. Some r.apsule lots for which the hydrated Phase U 
crystal form of ganciclovir converts to the Phase rn crystal form over time show a decrease in 
dissolution rale under ambient storage conditions. The trend of dissolution slowing under 
ambient storage co:1ditions has not been observed for lots without the Phase III crysta~ form. 
The 'cudy was con.!•!cted to determine the bioequivalence of four treatments (A, B, C and D) 
of •.nal ganciclovir having different dissolution characteristics, storage conditions and crystal 
form compositions. Treatment A was the reference and B. C and D were the test treatments. 
·,·he scudy was performed under steady state conditions, at a dose of 1000 mg q8h. This was a 
single center. open label, randomized, four way crossover study in 24 HIV-positive subjects. 
A~scssrnent of bioequivalence was done using 903 confidence limits for the pharmacokinetic 
parameters, AUCo.8, and Cm,.. The 903 confidence intervals showed that AU~8 and C.,.. 
passed the criteria for bioequivalence for treatments Band C. For treatment,D, AU<:;,.8 passed 

C\\\pfileslnda's\20460.008 Draft 815197, 9122197. 10/7/97. 11113/97, 11/21/97. 12/5/97 
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the criteria for bioequivalence, but c_ did not. The statistical analysis .indicated that the Tm,. 
for the test treatment (D) was significantly longer than for the reference (A). 

GA.NS 2686 StudY Treatments. StonM Ccia.Udom. ,,,. Vin Dilsoh•ioa aud c--1 Com-"''-· . .-
T....,.... I Dosage SIDrl&C <Aodilioa< M .... :1:so Pol)'lllOfph composi<ioa ( " 

sm:ngdl (" Dillolved ... , mia) PblleCry ..... ) -
°C/HH Mondu w- 0.1 N HCL I n m 

A {hfeRPCC) "° ... 2'/Ambieo< 18 102:1: I. 16 102:i:G.937 '2 48 0 

B (fnc) »l llll 2'18! 9 13.6:1:4.62 911.4± 1.08 0 24 76 

C(fca) »'.I "'I J0/60 8.5 62.0:1:4.70 88.7:1:3.08 0 Trace 100 

D(fea) »'.I "'I W7S 8.S 39.8:1:11.2 2'.0±3.10 Tro<e T.- 100 

Cnmmrison of B vs A 

Coruputed Parameler Ralio (BIA) Lower Limit Upper Limit. 

' -- . -lnAUC.. 94.2" -·--1 1ne_ 89.S" . -- " 

Co ... niirison of C vs A 

. Compuled Paramc1er Ratio (CIA) Lower Limit Upper Limit 

lnAUCw 96.0" 

1ne_ 90.6" ... 
Comoarison of D vs A 

Computed Panmc1cr Ratio (CIA) Lower Limi1 Uwcr Lim.it 

' 
l~UCo.1 86.4" -
1ne_ 78.5" " ' 

• 
Dissolution Method and Specification for Ganciclovir 500 mg Capsules: The recommended 
dissolution method for the ganciclovir 500 mg capsules utilizes 

. 
This method is the same as that for the approved 250 mg capsule. Th~ 

proposed specification for ganciclovir 500 mg is Q= dissolved in 45 minutes. The 
specification proposed is than the current specification for the 250 mg capsule of 
Q = diss(>lved in 45 minutes. 

The applicant has based this specification (Q = in 45 minutes) primarily on results 
from bioequivalence srudy GANS 2686 which showed that 500 mg capsules with dissolution 
rate 01 n 45 minutes were bioequivalent to the currently marketed 250 mg capsules. 
However. review of the dissolution data for the lots used in the bioavailability studies and for 

C:\wptilcs\nda's\20460.00& Dratt 8/5/97. 9/22197, 10/7197. 1111 >197. 11121/97, 1215/97 
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the stability lots suggest that Q = in 45 minutes would be appropriate. 

Conclusions: For the pivotal biocquivalence study, GANS2638, the test treaunent (500 mg) 
passed the criteria for bioequivalence. For GANS2686, test treatments B and C p~setI the 
criteria for bioequivalence, however, treatment D did not. (For treatment D, AU~ passed the 
criteria for bioequivalence, but C.,.. did not). Treatment D also exhibited the slowest 
dissolution characteristics. Tiie storage conditions (elevated temperature and high relative 
humidity) and the predominance of Phase III crystals for Treatment D may be a reason for the 
poor dissolution characteristics for this treatment. The test product in the pivotal study GANS 
2638 was from the same batch as the test product for Treatment D in GAN2686. In the pivotal 
study GANS 2638, the capsules were stored at 25"C and ambient RH (as opposed to study 
GANS 2686 where the storage conditions were 4<J'C and 75% RH). In the pivotal study 
GANS 2638, both C.... and AU~ for the test product met the biocquivaleoce criteria. -The 
results from this study suggest that tlJc 500 mg ganciclovir capsules should not be stored at 
conditions greater than that of ambient temperature and relative humidity (this conclusion was 
also made by the chemistry reviewer). 

Labeling: Tiie proposed labeling revisions are acceptable. 

Note: An Intra-division CPB briefing was held on October 31, 1997. 

Attendees: Dr. John Lazor, Dr. Janice Jenkins, Dr. Dennis Bashaw, Dr. Frank Pelsor, Dr. 
Furuni Ajayi, Ms. Terrie Cresem:i 

Based on the discussions at the briefing, the following comments were addressed to the 
applicant. 

COMMENTS TO APPLICANT: 

l. Based on the dissolution data (release data) for the 500 mg capsule lots used in the two 
bioavailability studies (GANS 2638 and GANS 2686) and the data for the stability lots (12514-
1, 12516-1. 1195001, 1195051, 1195091). we feel that a dissolution specification of Q ~ · 

~ 

in 45 minmes would be appropriate for the 500 mg ganciclovir capsules. (This specification is 
also the current interim dissolution specification for the 250 mil ganciclovir capsules). 

2. The dis"ilut1on data for the 3 regislration batches (1500571. 1500581. 1500591) stored at 
ambient conditions with and without desiccant suggest that the presence of desiccant in the 
container prevems slowing of the dissolution profile (which is observed under conditions where 
·.10 desiccant is present). We feel that the dissolution data for batches stored with desiccant 
meet the requirements ofQ= in 45 minutes (even after storage for 12 months). 

3. Treatments C and D (from Study GANS 2686) have ~imilar polymorphic c~mposition 
(predominantly Phase Ill crystals). Therefore. the presence of Phase Ill crystals does not 

-· 
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explain the slowing of di5solution for treatment D. We feel that the slowing of di.~solution may 
be associated with the hard gelatin shell of the capsules, and we would Iir.e you to study the 
dissolution profiles for the four study treatments from Study GANS 2686, in particular 
treatment D with and without enzymes (two-tier dissolution testing). Since your lnitifll test 
medium is watr.r, we would like for you to perform the two-tier dissolution test in water. 
Also, we would like you to perform the two-tier dissoluiion test using llllOther mediwn such as 
O. IN HCl/pepsin or pH 6.8 buffer/pancreatin. 

Note: A teleconference was held with applicant on November 20, 1997 to discuss the above 
issues (as weli as other issues related to CMC). There was agreement between the applicant 
and the agency regarding setting the dissolution ~pecification for the 500 mg ganciclovir 
capsules at Q= dissolved in 45 minutes. Following the teleconference, the applicant 
submitted dissolution data for capsules from treatments C and D (from Study GANS 2686) 
using two-tier dissolution testing with O. IN HCl/pepsin as the medium. ThCse data (attached as 
Appendix 4) were generated to investigate how much of the dissolution is due to 
capsule fill versus capsule shell effects. These data suggest that for treatment C,, the 
dissolution is faster in 0. lN HCl/pepsin compared to water or 0. lN HCL alone suggesting that 
in this case the dissolution slowing was primarily due to the capsule shell effects. For treatment 
C, the proposed dissolution specification of Q '= in 45 minutes is met when dissolution is 
performed in simulated gastric fluid medium. However, for treatment D, the dissolution rate 
in simulated gastric fluid is moderately faster than in 0. lN HCL, but about the same as it is in 
water. For treatment D, the proposed dissolution specification of Q = in 45 minutes is not 
met even when dissolution is performed in simulated gastric fluid medium. This suggests that 
the dissolution slowing in this case may be attributable to capsule fill effects. 

Recommendation: The applicant has adequately addressed the requirements of the Division of 
Pharmaceutical Evaluation III for approval of the 500 mg ganciclovir capsules as an additional 
dosage form. _ • 

• • 

APPEARS THIS WAY 
ON ORIGINAL 

APPEARS THIS WAY 
ON OP fr I 'J ~ r. 

C:\wptiles\nda ,120460.008 Dral\ 8/5/97, 9122197. 1017N7. I l/13N7. 1112!/97, 12/S/97 
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·Jc~ (f~H-- _-;,e 11,1"7 1~ ·-

Vanitha J. Sckar, Ph.D. 
Reviewer, Antiviral D1ugs Section, DPE ID 
Office of Clinical Pharmacology and Biopharmaceutics 

L~. fi:.--1171 Sl-..J;,..,. 1y10/'l7 Concurrence: a;hl~ B~e~.'Ph.if.' . -.-- ---
Team Leader, Antiviral Drugs Section, DPE ID 
Office of Clinical Pharmacology and Biopharmaceutics 

cc: HFD-530 

HFD-340 
./ HFD-880 
./ CDR _ 

NDA 20460 (SE2-008) 
/MO/I.Martin 
!CSO!T. Crescenzi 
/Biopharm/V .Sckar 
/TL Biopharrn/J .Jenkins 
/Viswanathan 
/DPEIII 
(Attn: Barbara Murphy) 
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( NDA20-460/SE2-008 

AppNcant: 

Drug: 

Route: 

Douga form: 

Purpose: 

Date submitted: 
Dete reoelvlld: 
Date aaalgned: 
MOR compl~ted: 

Medical Officer Review of Supplemental NOA 

Syntex lUSA) Inc 
3401 Hillview Ave 
P~lo Alto, CA 94304-1397 

Chemical: 
Generic: 
Trade: 

Oral 

9-11,3-dihydroxy-2-propoxymethyl) guanine 
ganciclovir 
Cytovene• 

500 mg capsule 

To support approval of a naw dosage strength 

2 J\ln 97 
5 Jun 97 
6 Jun 97 
18 Nov 97 

. .-

SW-t Contents: The supplement contains: (a) proposed labelling changes; (b) chemistry section; 
and lcl PK section. The PK section includes 2 PK studies: (I) GANS 1.636- A phase I study to evaluate 
the bioequivaience of two formulations of oral ganciclovir (500 mg capsule and 250 mg capsule) in HIV 
positive subjects, and Iii) GANS 26116 - A phase I bioequivalence study of oral ganciclovir capsules in 

( HIV- and CMV-seropositive subjects. 

Related INDs. NDAs: 

Resuma The supplement contains 2 PK studies intended to support approval of a new dosage strength 
of ganciclovir. 

Other Reviews 

Chemistry: Please see Or. Ko-Yu Lo's review 

Pharmacokinetics: Please see Dr. Vanitha Sekar's review. 

Proposed Labelling Changes 

Clinical Studies: 

A. GANS2636: A phase I study to evaluate the bioequivalence of two formulations of oral ganciclovir 
1500 mg capsule and 250 mg capsule) in HIV positive subjects. 

A. Objective: To determine the bioequivalence under steady-state conditions of the 500 mg capsule 
formulation compared with the 250 mg cai;sule l<>rmulation at a dose of 1000 mg OBH following a 
meal or snack. os assessed by the AUCo., and observed Cm,. in HIV+ subjects. 



( B. Study Design: Single center. open label, randomized two-way crossover study of 15-21 days 
duration. Subjects were randomized to either th& 250 mg or 500 mg capsule regimen, followed the 
next week by the other regime". On Days 1-4 and 8-11, subjects received 9cv, 1000 mg 08H. A 
washout pt.riod (Days 5-71 separated the two regimens. 

C. Study Population: A total of 14 subjects, all males were enrolled, mean age 36 yrs (ran9e: 25-51 
yrs). These subjects were sercpositive for HIV and CMV, but asymptomatic for AIDS: • 

D. Conduct of !he Study 

Enrollment: All 14 enrolled subjects completed the trial. 

Withdrawals: none 

E. Safety results: Deaths. None. Serious Adverse Events. None. 

Advarsa Evanrs: Similar number• of adverse events were observed In each of the treatment groups. 
A single hemic/lymph11tic event, lymphadenopathy, was observed in each treatment group. 
Fluctuations in ANC in individual patients were minor and not evidently related to treatment group. 

Comment: This study raises no formulation-related or other safety concerns. 

F. Pharmacokinetics results: The study report concludes that "the 250 gm and 500 mg capsule 
formulations of oral ganciclovir were bioequivalent for AU~ and C...,.. • Please see Dr. Sekar' s review. 

B. GANS 2686: A phase I bioequivalence study of oral ganciclovir capsules in HIV- and CMV
seropositive subjects. 

A. Objective: to determine bioeqivalence of oral ganciclovir capsules having diff9rent dissolution 
characteristics and crystal form compositions under steady state condit;ons at a dose of 1000 mg Q8H. 

a. Study Design: open-label, randomized, four-way crossover design. Four regimens in random order. 
all administered 1000 mg Q8H for 10 doses (Days 1-4, 8-11, 15-18, 22-25) are compared: 

Regimen A (ref.). oral GCV, 250 mg caps, storage: 25°C, ambient RH x 18 mo (lot955 73 ll 
Regimen 8, oral GCV, 500 mg caps, storage: 25°C/60%RH x 9 mo (lot 14500211 
Regimen C, oral GCV, 500 mg caps, storage: 30°C/60%Rh x 8.5 mo (lot 14464611 
Regimen D, oral GCV, 500 mg caps, storage: 40'C/70%RH x 8.5 mo (Lot 14464811 

C. St~dy Population: Twenty-four subjects (23 M, 1 Fl. aged 22-51 yrs, were randomized . 

• 
0. Conduct of the Study 

Enrollment: Of 24 subjects enrolled, 21 completed the study. 

Protocol violations: Entry criteria were met by <Jll subjects. 

Withdrawals: Three sub1ects terminated the study early, 2 for adverse events (facial swelling-see 
Premature Terminations. below) and 1 tor personat reasons. 

E. Safety results 

2 



( Deaths. There were no deaths. 

Serious Adverse Events. There were no serious adverse events. 

Premature terminations. Two subjects are described as having had severe facial swelling, each after 
receiving 2 of the 4 regimens. Because of concern that facial swelling might relate to study drug, the 
Principle Investigator prematurely terminated both subjects from the study. • ' 

In both instances, facial swelling was identified during evaluation ririor to dosing at the third dosing 
period. One subject had received Regimens Band C, and the other, Regimens A and B during the first 
two dosing periods. 

Comment: In contro:led trials, facial ~welling is not an event that has been found to 
relate to GCV therapy. In this study, the GCV treatment in Period 2 in both cases 
involved the 500 mg capsule dosing form; the capsules were, however, from a different 
drug lot in each case. facial swelling was not reported in these subjects while on GCV 
therapy, but after 3 days following the last GCV dose in the previous dosing period. 
Thus, facial swelling, if related t:> GCV therapy in this case, would presumably relate 
specifically to the 500 mg dosing form, and is a relatively delayed event. 

The Applicant was asked to provide additional information and to comment on faci<:! 
swelling in these two subjects. The Applicant notes that Subject 833 had had a history 
of facial rashes and dry skin, and that facial swelling was accompanied by rash in this 
instance. A causative relationship to study drug was not established or ruled out, and 
a rechallenge was not attempted. Subject 844 had unilateral facial swelling, with a 
raised area on the buccal mucosa; four days later following the application of warm 
compresses, "oral drainage (pus)" was reported for this subject. 

It seems unlikely that facial swelling in these subjects is related to GCV treatment. 

F. Pharmacokinetics results. Please see Dr. Sekar's review. 

labelling Comments: Please see Chemistry and Biopharmaceutics reviews for comments. No 
modifications to the propose labelling need to be made based on the clinical review of the Application. 

Conclusions: In St .. dy GANS 2686, two subjects who had received the 500 mg dosage form of GCV 
were discontinued from the study because of severe facial swelling. No such adverse event was 
described in Study GANS 2636. It is considered unlikely that fa<:ial swelling is related to treatment 
with the 500 mg dosage form of GCV. No other safety concerns were identified. 

Recommendation: It is recommended that this Supplemental Application be approved. 

-(t?;~.~· 
Medical Officer 

• 
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HFD-630/ActDlvOlr/DBirnkrant 0 ~ \1. -
HFD-530fTL/RBehrman eso 1~-•0-17 

cc: NOA 
HFD-530 
HFD-530/ActDivDir/DBirnkrant 
HFD-530fTL/RBehrman 
HFD-530/CSOfTCrescenzi 
HFD-630/Cham/KYLo 
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REQUEST FOR CATEGORICAL EXCLUSION FROM AN ENVIRONMENTAL 

ASSESSMENT FOR GANCICLOVIR CAPSUl..ES, 500 MG 

(SUPPLEMENT TO NDA 21>-460) 

. .-
Pursuant lo Tiiie 21 CFR 25.24(c)(2), Syntex (U.S.A.) Inc., 3401 Hillview Ave., Palo Alto, California, 

94304 requests a categorical exclusion from the requirement for the preparation of an environmental 

assessment for Ganciclovir Capsules, 500 mg. Under 21 CFR § 25.24(c)(2), a supplement to an 

NOA may be categorically excluded from the preparation of an Environmental Assessmc !lt "if the 

drug product will not be administered at higher dosage levels, for longer duration, of for different 

indications than were previously in effect and if data available to the agency do not establish that, at 

the expected levels of exposure, the substance may be toxic to organisms in the environment.• 

A 250 mg capsule formulation for oral administration of ganciclovir is cui:rently approved (NOA 20-

460) in the United States under the name Cytovene® (ganciclovir capsules). It was originally 

indicated for prevention of CMV disease in individuals with advanced HIV infection at risk of 

developing CMV disease, and also as an altematille to the IV formulation for maintenance treatment 

of CMV retinitis in immunocornpromised individuals, including individuals with AIDS. A supplement to 

NOA 20-460 for ihe additional indication of the prevention of CMV disease in solid organ transplant 

. recipients was approved by the FDA in November 1996 (Supplement #SE1-006). 

This Request for Categorical Exclusion from an Environmental Assessment Report is submitted 

in support of a supplement to NOA 20-450 for Ganciclovir Capsules, 500 mg. In this 

supplement, the only changes are increasing the ganciclOvir capsule dosage strength from 250 

mg to 500 mg, and the size anci color of the gelatin capsule. The proposed capsule is a #0 two

piece hard gelatin capsule consisting of an opaque green body and yellow cap. It contains 

FD&C Blue #2, Yellow Iron Oxide, Titanium OXide, and Gelatin (the same ingredients as are ·' 

found in the 250 mg capsule). Although the dosage strength of the proposed 500 mg capsules 

is greater than the approved 250 mg capsules, the daily do.o;age of ganciclovir will not increase 

as fewer capsules will be administered; nor will the drug be administered for longer durations or 

for dilferent indications than already approved. Thus, the proposed action is not e~ected to 

result in an increase of production of ganciclovir and is therefore not expected to increase the 

amount of ganciclovir and its metabolites entering the environment through product use. 

143 


