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Guidancefor Industry’

Non-Penicillin Beta-Lactam Drugs:
A CGMPFrameworkfor Preventing Cross-Contamination

This guidance represents the Food and Drug Administration's (FDA's) current thinking on this topic. It
does not create or confer anyrights for or on any person and does not operate to bind FDAorthe public.
You can use an alternative approach if the approachsatisfies the requirements of the applicable statutes
and regulations. Ifyou want to discuss an alternative approach, contact the FDA staff responsible for
implementing this guidance. If you cannot identify the appropriate FDAstaff, call the appropriate
numberlisted on the title page ofthis guidance. 
I. INTRODUCTION

This guidance describes the importance of implementing manufacturing controls to prevent
cross-contamination of finished pharmaceuticals and active pharmaceutical ingredients (APIs)
with non-penicillin beta-lactam drugs. This guidance also provides information regarding the
relative health risk of, and the potential for, cross-reactivity in the classes of sensitizing beta-
lactams (including both penicillins and non-penicillin beta-lactams). Finally, this guidance
clarifies that manufacturers generally should utilize separate facilities for the manufacture of
non-penicillin beta-lactams because those compounds posehealth risks associated with cross-
reactivity.

Drug cross-contamination is the contamination of one drug with one or moredifferent drugs.
Penicillin can be a sensitizing agent that triggers a hypersensitive exaggerated allergic immune
response in some people. Accordingly, implementing methods for preventing cross-
contamination of other drugs with penicillin is a key element of manufacturing penicillin and
current good manufacturing practice (CGMP) regulations require the use of such methods. See,
e.g., 21 CFR §§ 211.42(d), 211.46(d), and 211.176. Non-penicillin beta-lactam drugs also may
be sensitizing agents and cross-contamination with non-penicillin beta-lactam drugs can initiate
the same types of drug-induced hypersensitivity reactions that penicillins can trigger, including
life-threatening allergic reactions. Therefore, manufacturers of non-penicillin beta-lactam drugs
should employ similar control strategies to prevent cross-contamination, thereby reducing the
potential for drug-induced,life-threatening allergic reactions.

The information in this guidance is intended for manufacturers of finished pharmaceuticals and
APIs, including repackagers. Other establishments that handle drugs, such as pharmacy
compounders, may find this information useful.

' This guidance wasdeveloped bythe Office of Compliance, Office of Manufacturing and Product Quality, in the
Center for Drug Evaluation and Research (CDER)at the Food and Drug Administration.
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FDA's guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidance documents describe the Agency’s current thinking on a topic
and should be viewed only as recommendations, unless specific regulatory or statutory
requirements are cited. The use of the word should in FDA guidance means that something is
suggested or recommended, but not required.

I. BACKGROUND

A. Regulatory Framework

Section 501(a)(2)(B) of the Federal Food, Drug, and Cosmetic Act (21 U.S.C. 351(a)(2)(B))
requires that, with few exceptions, all drugs be manufactured in compliance with current good
manufacturing practices (CGMPs). Drugsthat are not in compliance with CGMPsare
considered to be adulterated. Furthermore, finished pharmaceuticals are required to comply with
the CGMP regulations at 21 CFR parts 210 and 211.

Several CGMP regulations directly address facility and equipment controls and cleaning. For
example, § 211.42(c) requires building and facility controls in general to prevent cross-
contamination of drug products. Specifically, the regulation states, “[t]here shall be separate or
defined areas or such other control systems for the firm’s operations as are necessary to prevent
contamination or mix-ups” during manufacturing, processing, packaging, storage, and holding.

With respect to penicillin, § 211.42(d) requires that “[o]perations relating to the manufacture,
processing, and packing of penicillin shall be performed in facilities separate from those used for
other drug products for human use.” However, FDA hasclarified that separate buildings may
not be necessary, provided that the section of the manufacturing facility dedicated to
manufacturing penicillin is isolated (i.c., completely and comprehensively separated) from the
areas ofthe facility in which non-penicillin products are manufactured.” Under § 211.46(d),
manufacturers must completely separate air handling systems for penicillin from those used for
other drugs for human use. Additionally, § 211.176 requires manufacturers to test non-penicillin
drug products for penicillin where the possibility of exposure to cross-contamination exists, and

prohibits manufacturers from marketing such products if detectable levels of penicillin are
found.”

Although FDA has not issued CGMPregulations specific to APIs, the Agency has provided
guidance to API manufacturers in the guidance for industry, ICH* Q7, GoodManufacturing

? Preamble to the final rule, “Current Good Manufacturing Practice, Processing, Packing, or Holding.” 43 FR 45014
at 45038 (September 29, 1978).

* See “A Review of Procedures for the Detection of Residual Penicillins in Drugs” (Appendix I, Proceduresfor
Detecting andMeasuring Penicillin Contamination in Drugs, FDA By-Lines No. 8 (November 1977)), available at
bp/AvnoAls sov/downloads/Abont®DA/CentersOffices/CDER/UCMOGSS8 12pdf NB: This link worksas of
5/18/2012.

 

“ International Conference on Harmonization.
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Practice Guidancefor Active Pharmaceutical Ingredients (ICH Q7 guidance).° Because some
APIs are sensitizing compounds that may cause anaphylactic shock, preventing cross-
contamination in APIs 1s as important as preventing cross-contamination in finished products.
The ICH Q7 guidance recommendsusing dedicated production areas, which can include
facilities, air handling equipment and processing equipment, in the production of highly
sensitizing materials, such as penicillins and cephalosporins.

B. Beta-Lactam Antibiotics

Beta-lactam antibiotics, including penicillins and the non-penicillin classes, share a basic
chemical structure that includes a three-carbon, one-nitrogen cyclic amine structure knownas the
beta-lactam ring. The side chain associated with the beta-lactam ring is a variable group attached
to the core structure by a peptide bond;the side chain variability contributes to antibacterial
activity. As of the date of this publication, FDA has approved over 34 beta-lactam compounds

as active ingredients in drugs for human use.’ Beta-lactam antibiotics include the following five
classes”:

penicillins (¢.g., ampicillin, oxacillin)
cephalosporins(e.g., cephalexin, cefaclor)
penems(e.g., imipenem, meropenem)
carbacephems(e.g., loracarbef)
monobactams(e.g., aztreonam)

Allergic reactions associated with penicillins and non-penicillin beta-lactams range from rashes
to life-threatening anaphylaxis. Immunoglobulin E (IgE) antibodies mediate the immediate
hypersensitivity reactions that are responsible for the symptomsof hay fever, asthma, hives, and
anaphylactic shock. IgE-mediated hypersensitivity reactions are of primary concern because
they may be associated with significant morbidity and mortality. There is evidence that patients
with a history of hypersensitivity to penicillin may also experience IgE-mediated reactions to
other beta-lactams, such as cephalosporins and penems.”

* We update guidance documentsperiodically. To makesure you have the most recentversion of a guidance, check
the Guidance Page at
hin/Aeww fide cov/Drurs/GuidanceComplianceRceulatory informationGudancesdotankhim. 

® See section [V.D Containment (4.4) of the ICH Q7 guidance.

7 Approved beta-lactam antibiotics are listed in FDA’s Approved Drug Products with Therapeutic Equivalence
Evaluations, generally knownas the Orange Book (available onthe Internetat
hitn /Aywowaccessdaia fda gov/scripte/cdsr/obdetauitctm). The Orange Bookis searchable by active ingredient
and updated as newer drug products are added.

* Yao, JDC, and RC Moellering,Jr., Antibacterial agents, in.\danual ofClinical Microbiology, 9" cdition, cdited by
PR Murrayet al., Washington D.C., ASM Press, 2007.

° Saxon, A, DC Adelman,A Patel, R Hajdu, and GB Calandra, 1988, Imipenemcross-reactivity with penicillin in
humans, J Allergy Clin Immunol, 82:213-217; Saxon, A, GN Beall, AS Rohr, and DC Adelman, 1987, Immediate
hypersensitivity reactions to beta-lactamantibiotics, Ann Intern Med, 107(2):204-215; Prescott, Jr., WA, DD

P.6 UT Ex. 2047

SteadyMed v. United Therapeutics
IPR2016-00006

IPR2020-00769

United Therapeutics EX2006
Page 5499 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5500 of 7113

All non-penicillin beta-lactams also have the potential to sensitize individuals, and subsequent
exposure to penicillin may result in severe allergic reactions in some patients. Although the
frequency of hypersensitivity reactions due to cross-reactivity between beta-lactam classes can
be lower than the risk within a class,'” the hazard posedis present’! and potentiallylife-
threatening. The potential health hazard of non-penicillin beta-lactams therefore is similar to that
of penicillins. Further similarities between non-penicillin beta-lactams and penicillins are as
follows:

e=Itis difficult to define the minimal dose below which allergic responsesare unlikely to
occur in humans.

e There is a lack of suitable animal or receptor testing models that are predictive of human
sensitivity.

e The threshold dose at which allergenic response could occur is extremely low and
difficult to detect with current analytical methods. '*

While beta-lactam antibiotics are similar to one another in many ways, they may differ in
pharmacokinetics, antibacterial activity, and potential to cause seriousallergic reactions.
Becauseallergy testing methods have not been well-validated,* it is clinically difficult to
determine the occurrence and rate of cross-reactivity between beta-lactam antibiotics in humans.
Therefore, undiagnosed or underreported cases of cross-reactivity likely exist. Some beta-lactam
antibiotics have negligible potential for cross-reactivity with beta-lactams of other classes,
whereas other beta-lactam compounds mayexhibit sensitizing activity as derivatives before the
incorporation of side chains that confer antibacterial activity.

Regardless of the rate of cross-reactivity between beta-lactam drugs or the mechanism ofaction
by which such cross-reactivity may occur, the potential health risk to patients indicates that drug

DePestel, JJ Ellis, and RE Regal, 2004, Incidence of carbapenem-associated allergic-type reactions amongpatients
with versus patients without a reported penicillin allergy, Clin Infect Dis, 38:1102-1107.

' Salkind, AR, PG Cuddy, and JW Foxworth, 2001, Is this paticnt allergic to penicillin? An evidence-based analysis
of the likelihood of penicillin allergy, JAMA, 285:2498-2505.

‘Khan, D. and R Solensky , 2010, Drug Allergy, J Allergy Clin Immunol. 125(2): $131.

” Dayan, AD, 1993, Allergyto antimicrobial residues in food: assessmentof the risk to man, Vet Microbiol,
35:213-226; Blanca, M, J Garcia, JM Vega, A Miranda, MJ Carmona etal., 1996, Anaphylaxis to penicillins after
non-therapeutic exposure: an immunological investigation, Clin Exp Allergy, 26:335-340.

8 Olson, H, G Betion, D Robinson, K Thomas, A Monro etal., 2000, Concordance of the toxicity of
pharmaceuticals in humansand in animals, Regul Toxicol Pharmacol, 32:56-67.

" Derez Pimiento, A, M Gomez. Martinez, A Minguez Mena, A Trampal Gonzalez, S de Paz. Arranz, and M
Rodriguez Mosquera, 1998, Aztrconam and ceftazidime: evidence of in vivo cross-allergenicity, Allergy, 53:624-
625; Shepard, GM, 1991, Allergy to B-lactamantibiotics, Immunol Allergy Clin North Am, 11(3):611-633.

© Bernstein, IL, JT Li, DI Bernstein, et al., 2008, Allergy diagnostic testing: an updated practice parameter, Ann
Allergy Asthma Immunol, 100:81-S148.
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manufacturers should take steps to control for the risk of cross-contamination for all beta-lactam16
products.

C. Beta-Lactamase Inhibitors

Beta-lactam compoundssuch as clavulanic acid, tazobactam, and sulbactam have weak
antibacterial activity but are irreversible inhibitors of many beta-lactamases. These compounds,
which are potential sensitizing agents, are typically used in combination with specific beta-
lactam agents to preserve antibacterial activity (e.g., amoxicillin-clavulanate, piperacillin-
tazobactam). Because these compoundsare almost always used in combination with specific
beta-lactam agents, any clinical observations of hypersensitivity reactions likely would be
attributed to the beta-lactam antibiotic componentrather than the inhibitor. Although there have
been no case reports confirming anaphylactic reactions to a beta-lactamase inhibitorthat is also a
beta-lactam, these compoundsare potentially sensitizing agents, and manufacturers should
implement controls to reduce therisk of cross-contamination with beta-lactamase inhibitors as
with all other beta-lactam products.

D. Beta-Lactam Intermediates and Derivatives

Some beta-lactam intermediate compounds and derivatives also possess similar sensitization and
cross-reactivity properties. Beta-lactam intermediate compounds usually are API precursor
materials that undergo molecular change or purification before use in the manufacture of beta-
lactam antibiotic APIs. As a result of these changes, the intermediate compounds may develop
antigenic characteristics that can produce allergic reactions. For example, 6-aminopenicillanic
acid (6-APA) serves as the intermediate for the formation of all synthetic penicillins that are
formed by attaching various side chains. The structure of 6-APAincludes unbroken beta-lactam
and thiazolidine rings. The beta-lactam ringis relatively unstable, and it commonlybreaks open.
In the case of 6-APA,this breakage leads to the formation of a penicilloyl moiety, which is the
major antigenic determinant of penicillin. This motety is thought to be a common cause of
penicillin urticarial reaction.’ Degradation of 6-APA can also result in the formation of minor
antigenic determinants, including penicillcic acids, penaldic acid, and penicillamine.
Anaphylactic reactions to penicillins usually are due to the presence of IgE antibodies to minor
determinants in the body. Although 6-APAis not a trueantibiotic, it still carries with it a
potential to induce allergenicity.

'® Following publicationof the draft versionof this guidance (76 FR 14024), several commenters suggested that
monobactams, specifically aztreonam, have a lowerrisk profile than other beta-lactam products and therefore should
be exempted fromthe separation and control recommendations set forth in this guidance. We have reviewed
relevant scientific and medical literature and determinedthat the relative risk of cross-reactivity associated with
aztreonam, when compared to other beta-lactams, is a matter of scientific uncertainty. Accordingly, at this time,
FDAdoes not recommend manufacturing controls that treat aztreonam differently from other beta-lactam products.
As with any non-binding recommendations offered in guidance to industry, manufacturers can use an altcrnative
approachif the alternative approachsatisfies the requirements of the applicable statutes and regulations.
Manufacturcrs who wish to discuss an alternative separation and control strategy for a non-penicillin beta-lactam
such as aztreonam with FDAare invited to do so through the application submission and review process.

" Middleton’s Allergy: Principles and Practice,7th ed. (electronic) (2009). Chapter 68: Drug Allergy.
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Contains Nonbinding Recommendations

Derivatives are unintended by-products that occur during the manufacturing process(i.e., an
impurity or degradant). Like intermediates, beta-lactam derivatives could have sensitizing
properties and may develop antigenic properties that can produceallergic reactions. Beta-lactam
chemical manufacturing processes including, but not limited to, fermentation and synthesis, may
create beta-lactam intermediates or derivatives with unknown health consequences. Although
the health risk of sensitization and cross-reaction is difficult to predetermine for beta-lactam
intermediates and derivatives and is not always well-defined, manufacturing controls intended to
reduce the risk of cross-contamination should be considered for operations that produce beta-
lactam intermediates or derivatives.
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TH. RECOMMENDATIONS

Becauseof the potential health risks associated with cross-reactivity (cross-sensitivity) of beta-
lactams, manufacturers should assess and establish stringent controls (including appropriate
facility design provisions assuring separation) to prevent cross-contamination. Just as FDA
considers the separation of production facilities for penicillins to be current good manufacturing
practice, FDA expects manufacturersto treat sensitizing non-penicillin beta-lactam-based
products similarly. Specifically, FDA recommends that manufacturers establish appropriate
separation and control systems designed to prevent two types of contamination: (1) the
contamination of a non-penicillin beta-lactam by any other non-penicillin beta-lactam, and (2)
the contamination of any other type of product by a non-penicillin beta-lactam. Accordingly,
FDA recommendsthat the area in which any class of sensitizing beta-lactam is manufactured be
separated from areas in which any other products are manufactured, and have an independentair
handling system.

Aswith penicillin, the section of a facility dedicated to manufacturing a sensitizing non-
penicillin beta-lactam should be isolated (i.e., completely and comprehensively separated) from
areas in the facility in which other products are manufactured. This control applies to each of the
five classes of sensitizing beta-lactams; the area in which any class of sensitizing beta-lactam is
manufactured should be separated from areas in which anyother products are manufactured,
including any otherclass of sensitizing beta-lactam. Manufacturing that is restricted to a specific
class of beta-lactam compound (e.g., the cephalosporin family of products) generally would not
mandate separate facilities and air handling systems, and could permit production campaigning
and cleaning as sufficient control.

Finally, as discussed above, beta-lactam intermediates and derivatives may induce allergic
reactions and therefore pose risks of cross-contamination. Accordingly, firms that manufacture
beta-lactam intermediates or receive them for further processing, as well as firms whose
manufacturing processes result in beta-lactam derivatives, should evaluate their manufacturing
operations for the possibility of cross-contamination and implement appropriate controls to
reduce or mitigate the potential for cross-contamination. As with penicillin and non-penicillin
beta-lactam drugs, such controls could include, but are not limited to, isolation and separation of
intermediate and derivative materials, facilities, equipment, and personnel.
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Clinical Pharmacology of
Human Insulin
Lutz HEINEMANN, PHD
BERND RICHTER, MD

Nowadays, humaninsulin is used daily by millions of diabetic patients. The biolog-
ical effect of humaninsulin is comparable to that of porcine insulin. However,after
subcutaneous injection, pharmacological and clinical studies showed pharmacoki-
netic and pharmacodynamic differences berween human and animalinsulins. Human
insulin tends to have faster absorption and shorter duration of action compared with
animal insulin. These differences are more pronounced and can be ofclinical
relevance with intermediate- and long-acting insulin preparations. Optimal meta-
bolic control can be achieved with either human orhighly purified animal insulin
preparations, provided appropriate insulin replacementstrategies are used.

techniques for human insulin has
madeit possible to weat IDDM pa-

tients with a hormonethat has an amino

acid sequence identical to endogenous
insulin. After characterization of the bi-

ological activity of human insulin in vitro
and in animal studies,a series of efficacy
and safety crials with human insulin in
humanswas performed (1,2), In thefirst
years, several studies compared the po-
tency of human insulin and animal insu-
lin preparations with regard to their
pharmacological properties. Later, such
studies were performed to compare hu-
man insulin preparations manufactured
using different methods G,4).

It is surprising how muchofthe
literature on human insulin, including
proceedings of commercially sponsored
symposia as well as papers and reports

T he development of manufacturing published in books and supplements to
well-known journals, was printed 10
years ago, all non-peer-reviewed, com-
pared with the numberoforiginal papers
published on human insulin that have
passed a peer-review system. This is dis-
turbing, because pharmacological differ-
ences between humaninsulin and ani-

mal insulin might have practical
implications for the daily therapy of mil-
lions of patients.

In this paper, we will review the
properties of humaninsulin preparations
available today for clinical practice. Fur-
thermore, we will describe the pharma-
cological differences between human insu-
lin and highly purified (Gnonocomponent)
insulin preparations of animal origin. We
attempt to give a balanced overview ofthe
results of all studies, comparing various
pharmacological aspects of human insulin

From the Department of Nutrition and Metabolic Diseases (WHO Collaborating Center for
Diabetes), Heinrich-Heine-University of Diisseldorf, Diisseldorf, Germany.

Address correspondence and reprint requests to Lutz Heinemann, PhD, Department of
Nutrition and Metabolic Diseases, Heinrich-Heine-University of Dtisseldorf, P.O. Box 10 10
07, Moorenstr. 5, 40001 Dusseldorf, Germany.

IDDM,insulin-dependent diabetes mellitus; NIDDM, non-insulin- dependent diabetes mel-
litus.
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and animal insulin. As a result, it was nec-

essary to quote papers that were notpeer-
reviewed.

A major emphasis of this review
is the presentation of the time-action
profiles of the most widely used human
insulin preparations. A mere discussion
of differences between human insulin
and animal insulins would be somewhat

out of date, because, in many countries,
humaninsulin is already used by most
patients.

STRUCTURE, PRODUCTION,
PURITY, AND POTENCY OF
HUMANINSULIN

Structure
The structure of animal insulin has mi-

nor but potentially importantdifferences
from humaninsulin: Porcine insulin dif-

fers by one amino acid (alanine instead
of threonine at the carboxy-terminal of
the B-chain, i.e., position B30), and beef
insulin differs by two additional alter-
ations of the sequence of the A-chain
(threonine and isoleucine on positions
A8 and AlO are alanine and valine).

Thus, there is nearly a complete homol-
ogy berween humaninsulin and porcine
insulin in the amino acid sequence.

None of the differences between
human insulin and animal insulins is

thoughtto be atsites crucial to the bind-
ing or action of insulin. Therefore, it
could be expectedthat the receptor bind-
ing and cellular interactions of human
insulin would not differ significantly
from those of pork or beef insulin (2).
The amino acid on position B30 is near
one of the parts of the insulin molecule
thought to be involved in the self-
association of two insulin molecules into

dimers. Thus, the self-association ten-

dency could be different berween human
insulin and porcine insulin (5).

The physicochemical properties
of human,pork, and beefinsulins differ
somewhat because of their different

amino acid sequence. Threonine adds

Diaseres Care, VoLUME 16, SuppLEMeNT 3, DecemaeR 1993
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one extra hydroxyl group to the human
insulin molecule. This increases its hy-
drophilic properties and decreases the
lipophilic properties, as compared wich
that of porcine insulin. Thus, the solu-
bility of humaninsulin in aqueous solu-
tions is higher than thatof porcine insu-
lin.

Production

One wayto mass produce humaninsulin
was to exchange alanine in position B30
of porcine insulin with threonine, using
an enzymartic-chemical method (semi-
synthetic rechnique) (6). During thelast
decades, biosynthetic production of hu-
man insulin was made possible through
advances in genetic engineering, espe-
cially in recombinant DNA technology
(7,8). Methods used to produce human
insulin have changed considerably dur-
ing the last decade. At the end of the
1980s, the semi-synthetic production of
humaninsulin was essentially stopped
and replaced by biosynthetic production.
In the beginning of the biosynthetic pro-
duction of human insulin, the A and B

chains were produced separately and had
to be combined. At present, biosynthetic
humaninsulin is produced with a perfect
three-dimensional structure; that is, all

foldings and disulfide bridges of the in-
sulin precursor produced by the bacteria
or yeast cells are identical to endogenous
insulin. The correct spherical structureis
important for the insulin-insulin recep-
tor interaction, and hencefor the biolog-
ical action of insulin. Porcine insulin has

a slightly different three- dimensional
structure when compared with human
insulin (9).

Purity
To ascertain a low immunogenicity of
humaninsulin preparations, impurities
had to be avoided. The semi-synthetic
humaninsulin production could take ad-
vantage of the well-established produc-
tion and purification methods for por-
cine insulin, which was used as the

original substrate. Possible contamina-
tions with proinsulinlike or glucagonlike

substances, pancreatic polypeptide, so-
matostatin, and vasoactive intestinal pep-
tides were avoided by using monocom-
ponent porcine insulin. Conramination
by enzymes or waste products,as a result
of the enzymatic-chemical exchange of
one amino acid during the secondary
production step, also could be avoided
(10). In contrast, the insulin production
methods that use recombinant DNA

technology have a higher propensity for
contamination of the insulin product
with various bacterial or yeast cell poly-
peptides. The first biosynthetic human
insulin production using bacteria had
more obstacles in achieving purity, at-
triburable to the face that the A-and

B-chains had to be extracted separately,
and the two chains had to be combined

with an intact insulin molecule. Thus,

proteins and other substances of bacte-
rial origin, as well as waste products of
the insulin recombination, had to be

eliminated. Later, purification methods
were developed to obtain insulin prepa-
rations free of any potentially harmful
contamination by Escherichia coli-derived
peptides (11-13). Antibodies to such
peptides could not be detected in 10
patients treated with humaninsulin for 6
mo (12). Some of the problems of the
recombinant DNA technique were cir-
cumvented when it became possible to
produce homologous proinsulin by E.
coli (13). Thus, only the C-peptide-like
sequence had to be cleaved to achieve
human insulin. Humaninsulin produced
biosynthetically from yeast cells with a
different insulin precursor (not identical
to human proinsulin) was even easier to
clear from impurities because the precur-
sor is secreted into the medium,and after

cleavage of C-peptide, the intact mole-
cule can be obtained (14,15). Because of

the sophisticated purification tech-
niques, it can be assumed that advanced
humaninsulin preparations are pure and
free of any significant contamination
(16). In regular insulin preparations, in-
sulin molecules self-associate co dimers

and large oligomers. In addition, a small
amountof covalently aggregated dimers

DiaBeTes CARE, VOLUME 16, SUPPLEMENT 3, DECEMBER 1993

Heinemann and Richter

and other insulin-transformation prod-
ucts is formed in commercial insulin.

These transformation products prevail in
the blood of insulin-treated diabetic pa-
tients because they have a slower meta-
bolic clearance relative to insulin mono-
mers (17-19). Human insulin was

reported as more susceptible to the pro-
duction of such products than beef insu-
lin (19), These transformation products
are claimed to be highly immunogenic.
In addition, degradation of the injected
insulin occurs in the subcutaneous de-

pot, resulting in degradation products
that also might have immunogenicactiv-
ity (20).

It has to be emphasized that even
with a hormoneidentical to the human

insulin, there are still major differences
compared with the naturally occurring
hormone. The route of insulin adminis-

tration is different, and the insulin prep-
arations contain additives like antisep-
tics, stabilizers, and, with NPH-insulins

(Isophane), xenomorphousproteins like
protamine.

Potency
In the first study that reports theeffects
of short-acting human insulin produced
by recombinant DNA technology in
healthy men, the plasma glucose decre-
mentafter subcutaneousinjection of hu-
maninsulin was similar to that of highly
purified porcine insulin (21,22). The po-
tency of semi-synthetic humaninsulin or
biosynthetic humaninsulin also was re-
ported to be similar to that of animal
insulin after intravenousinsulin infusion
at various doses or after subcutaneous

injection in diabetic patients (2).
In the rabbit hypoglycemia bio-

assay, used to estimate insulin strength,
porcine and humaninsulin also had a
similar potency (11,23). However,in this
model, human insulin showed a more

rapid onset and a shorter duration of
action, along with a lower potency, com-
pared with bovine insulin (23). Most in-
vestigators came to the conclusion that
there is no difference in the biological
potency of human insulin and animal
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insulins (1,2). However, this seems to

apply only for the intravenous route and
not for subcutaneously injected insulin.
Differences in the absorption properties
of human insulin and animal insulins,
and the results of clinical studies (see

below), led to the suggestion that the
daily dose of insulin should be reduced
by 10 to 25% when switching from an-
imal insulin to human insulin (24). Such

a dosage reduction may be needed espe-
cially in those patients previously treated
with bovine insulin or with mixed ani-
mal insulins.

The British Pharmacopoeia; Codex
medicamentarius and the Pharmacopeia of
the United States permit deviations from
the declared concentration of commer-

cial insulins of + 5 and + 10%, respec-
tively. Thus, it cannot be excluded that
some of the differences in the reported
potencies could be attributable to varia-
tions in insulin dose.

HUMANINSULIN
PREPARATIONS

Shortly after its introduction human in-
sulin becameavailable in short-, inter-

mediate-, and long-acting formulations.
In principle, these formulations are iden-
tical to their porcine or bovine counter-
parts with respect to the content of aux-
iliary substances. Because most brands
with animal insulins are still available,

clinicians and patients are faced with a
plethora of different insulin preparations.
Even professionals find it difficult to
keep track of the insulin preparations
available in different countries, because

various names may be used for the same
insulin with different compositions and
concentrations. Some of the insulin

preparations marketed are of question-
able usefulness, for example, mixtures of
short- and intermediate-acting human
insulin in 10% steps ranging from 10%:
90% to 50%:50%. However, this com-

ment should not be misinterpreted as a
suggestion to withdraw animal insulin
preparations from the market altogether.
Some manufacturers ofinsulin havetried
to withdraw animal insulins from the

market (and some have actually done
so). This is understandable from a com-

mercial point of view (standardization of
production). However, because human
insulin has no clear clinical benefit, ani-

mal insulins should stay available.

PHARMACOKINETIC AND
PHARMACODYNAMIC
PROPERTIES OF HUMAN
INSULIN PREPARATIONS

Methodsusedto study the
pharmacological properties of
insulin preparations
In manystudies investigating insulin ab-
sorption (pharmacokinetic studies)
and/or insulin action (pharmacodynamic
studies), inappropriate methods, differ-
ent doses, and sites of administration

have been used. This makes the compar-
ison of the results difficult. In some stud-

ies, the diabetic patients investigated had
been previously treated with animal in-
sulins. As a result, these patients might
have had insulin antibodies, which

might have influenced the pharmacolog-
ical properties of exogenous insulin
preparations. In fact, the variable disso-
ciation rates of insulin from circulating
antibodies are likely to contribute to the
high variability in the bioavailability of
any insulin preparation.

In principle, the pharmacokinetic
properties of insulin preparations could
be studied using the direct method (ie.,
measurement of serum insulin concen-

tration) or an indirect method (i.e., in-

jection of radiolabeled insulin and regis-
tration of the disappearance from the
subcutaneoustissue). The problems and
pitfalls that limit the use of the indirect
method have been discussed in detail

elsewhere (25).

Pharmacodynamic properties can
be studied by following the blood glu-
cose-lowering effect of a subcutaneous
insulin injection over time. This test of
insulin activicy results in a stimulation of
the counterregulatory response caused
by hypoglycemia. Theeffect of the coun-
terregulatory hormones tendstoincrease
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blood glucose, thereby leading to an un-
derestimation of the response to the in-
jected insulin. Thus, relevant pharmaco-
dynamicdifferences can only be detected
if dosesoractivities of the insulins inves-

tigated are substantially different. To
avoid hypoglycemic episodes, blood glu-
cose can be kept constant by an intrave-
nous glucose infusion targeted to main-
tain blood glucose at normoglycemic
values (euglycemic glucose clamps). Be-
cause the glucose requirementis propor-
tionalto the biological activiry of insulin,
it provides a direct measure of potency,
at least with regard to glucose metabo-
lism. Endogenous insulin secretion in
healthy volunteer subjects can be sup-
pressed by a low-dose intravenous insu-
lin infusion. In our opinion, the euglyce-
mic glucose clamp technique is the best
method currently available to study
pharmacodynamic properties of various
insulin preparations. Moreover, pharma-
cokinetic properties can be studied si-
multaneously (2,26,27)

A recent survey of the literature
showedthat time-action profiles of many
insulin preparations are not well-defined
because different methods, patient-
selection criteria, insulin doses, methods
of insulin administration, insulin con-

centrations, and injection sites are used
(28). This survey also highlights the large
differences in the reported pharmacolog-
ical properties of the same insulin prep-
arations caused by the methodused. For
example, in the 22 studies analyzed, the
onset ofaction after subcutaneousinjec-
tion of human regular insulin ranged
from 0.08—0.5 h, with peak action from
0.75—4 h, and duration of action from
4-12 h.

The direct comparison of phar-
macokinetic and pharmacodynamic re-
sults obtained with the same group of
volunteer subjects showed a consider-
able difference between the insulin con-

centration-time profile and the glucose
infusion rate-time profile. Thus, an in-
crease in serum insulin concentration
does notresult in an instantaneous in-

crease in glucose metabolism (Fig. 1).
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Figure 1—A: Serum insulin concentrations
during an 8-h euglycemic glucose clamp in 8
normal subjects. A subcutaneous injection of 12
U of regular humaninsulin was given at time 0,
with a U40formulation (mean + SE) on one day
and a U100 formulation (mean — SE) on an-
other day. Asterisks mark significantly different
serum insulin concentrations. ~, P < 0.05; “*,
P < 0,02; paired Student's t test) (55); B: Glu-
cose infusion rates on the U40- (mean + SE)
and on the U100- (mean — SE) insulin injection
day.

This phenomenon becomes moreclear in
view of more recent studies about the

importance of the endothelial barrier on
insulin transport across the capillary wall
(29,30). A long series of events is inter-
posed between the appearanceofinsulin
in blood and changes in glucose metab-
olism. Thus, the time-dependent charac-
teristics used to describe the pharma-
cological characteristics of insulin
preparations have to be different for its
kinetic and dynamic properties.

Short- acting preparations
Pharmacological studies. Pharmacoki-
netic properties of short-acting human
insulin individually assessed by decline
of radioactivity of subcutaneously in-

jected }7°1-labeled insulin showed a sim-
ilar insulin absorption process of human
and porcine insulin 31,32). However, in
another study with the same method,
human insulin was more rapidly ab-
sorbed than porcine insulin G3). Ad-
ministration of human or porcineinsulin
by intravenous bolus in healthy volun-
teer subjects and IDDM patients showed
that both insulins have similar biological
activities (34). In studies with incrave-

nousinfusion of human orporcine insu-
lin, plasma insulin concentrations and
metabolic effects were comparable and
strictly dose dependent (35-37). Com-
bining intravenousinsulin infusion with
the euglycemic clamp technique showed
that the pharmacodynamic properties of
semi-synthetic human insulin and por-
cine insulin were indistinguishable in
normal individuals as well as in diabetic

patients (26,38—40).
The appearance of human insulin

in plasma after subcutaneous injection
was morerapid than after a similar dose
of porcine insulin (32,33,41-43). How-
ever, no dose-dependent changes in
pharmacokinetic parameters could be
demonstrated after a subcutaneous insu-

lin injection measuring blood glucose
decline (21,44).

Measurementof the time-action

profile of short-acting human insulin af-
ter its subcutaneous injection by the glu-
cose clamp technique showed a more
rapid onset of action and an earlier peak
action than after injection of porcine in-
sulin in healthy volunteer subjects as
well as in IDDM patients (42).

In summary, in 11 of 16 studies
analyzed, the authors concluded that hu-
man insulin was absorbed slightly faster
from the subcutaneousinjection site, in-
dependent of its semi-synthetic or bio-
synthetic origin (3,22,32,33,41-43,45—-
48). No difference in insulin absorption
kinetics was seen in five studies

(31,44,49-51). The mechanism of the

faster absorption of human insulin in
comparison to pork-regular insulin
mightbe explained by the greater hydro-
philicity of the human insulin molecule
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(9). X-ray studies of the tertiary struc-
tures of human andporcineinsulin show
differences only at the B30 region, where
changes in the water attraction are lo-
cated. Another explanationfor the faster
absorption of humaninsulin was the in-
fluence that the amino acid in position
B30 has on the strength by which the
dimers are held together within the hex-
amer (5). The changed solvent structure
in the B28-B30 region and alterations in
the intermolecular contacts have a weak-

ening effect on the hexamerstability, re-
sulting in a greater tendency to dissociate
with decreasing concentration of insulin
(65,9).
Clinical studies. In double-blind cross-

over studies in type | diabetic patients,
treated either conventionally or with
subcutaneous insulin infusion, blood
glucose control, insulin requirement,
and number of hypoglycemic episodes
were not substantially different between
human insulin and porcine insulin
(46,52,53). However, in one double-

blind study in 21 diabetic children who
were in poor metabolic control, signifi-
cantly higher HbA, values were reported
during the treatment period with human
insulin, compared with that with porcine
insulin (15.7 + 2.3 vs. 14.2 + 2.3%;
P< 0.01) 64).

Time-action profile and influence of
insulin concentrations. Studies of

short-acting human insulin in different
concentrations (U40 vs. U100; Actrapid
HM, Novo/Nordisk, Bagsvaerd, Den-
mark) found the onsetofaction occurred

within 15-30 min, and peak action was
observed 150-180 min after subcutane-

ous injection of 12 U (Fig. 1B) (55). No
significant differences were observed in
the glucose infusion rates needed to keep
blood glucose constant after injection of
insulin, with either U40 or U100 con-
centrations. However, serum insulin

concentrations showed small butsignif-
icant differences shortly after injection
(Fig. 1A): Serum insulin concentrations
were significantly higher 10-20 minaf-
ter injection of the U40 formulation in
comparison with the U100 formulation.
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However, glucose infusion rates during
this time were not significantly different.
In this experiment, 6 h after injection of
a moderate dose of “short-acting” insu-
lin, still more than 50% of maximal glu-
cose infusion rates were needed to keep
blood glucose concentration constant.
Therefore, compared with the endoge-
nous insulin response to a meal, onset of
action and peak action occurred consid-
erably later. In addition, duration of ac-
tion was longer, requiring consumption
of a snack 2—3hafterinsulin injection to
prevent hypoglycemia. Moreover,it has
to be emphasized that considerable devi-
ations from the described time-action

profile can occur depending on the sub-
ject’s insulin sensitivity (.e., in diabetic
patients, depending on the degree of
metabolic control or depending on the
insulin doses used).

Clinical implications. Rapid initial de-
livery ofinsulin plays a crucial role in the
control of meal-related glycemic excur-
sions. Thus, the more rapid onset of ac-
tion of human insulin might have an
advantage over short-acting animal insu-
lins. It was shown in two studies that

subcutaneously injected human insulin
was superior to porcine insulin in the
control of meal-related glycemic excur-
sions in IDDM patients (48,56). In an-
other study with IDDM patients, no dif-
ferences in postprandial glycemic
excursions could be demonstrated (51).

The preprandial glucose levels were ele-
vated in this study (>13.5 mM), and,
therefore, prandial glycemic increases
were small, ranging from O—4.4 mM.In
this context,the slightly faster absorption
of humaninsulin did notresult in clini-

cally importantdifferences.
Obviously, the pharmacody-

namic characteristics of human short-

acting human insulin are far from ideal.
In other words, the time-action profile of
these preparations differs considerably
from the prandial insulin requirements.
Developmentof short-acting insulin an-
alogues with a significantly faster onset
of action might help to improve prandial
conmol (5,57,58).

Intermediate-acting preparations
(NPHandlente)

Pharmacological studies. Intermediate-
acting human insulin preparations in-
jected subcutaneously showed variable
results in pharmacological studies when
compared with their animal insulin
counterparts. No differences in the de-
cline of blood glucose concentrations af-
ter injection of biosynthetic human insu-
lin or porcine insulin could be observed
in the first pharmacodynamic study with
NPHinsulins (44). However, NPH insu-
lins with humaninsulin showed a more

rapid onset and shorter duration of ac-
tion than corresponding animal insulins
in a series of later pharmacological stud-
ies (4,27,41,59,60). In contrast to these
results, the disappearance rates of }?°I-
labeled human or porcine NPH insulin
preparations were not significantly dif
ferent when given co diabetic patients
(32,61).

Thedifferences in the pharmaco-
logical properties were attributed to the
more hydrophilic properties of human
insulin and to differences in che interac-
tion of human insulin and animalinsulin

with protamine (41). Also, formulation
differences, such as the nature and quan-
tity of the protamine in the formulas
used were implied.

Direct comparison of semi-syn-
thetic and biosynthetic human NPH in-
sulin after injection in healthy volunteer
subjects showed a similar maximal hy-
poglycemic effect within 3-5 h after ad-
ministration (4). Thereafter, with semi-

synthetic NPH insulin, plasma glucose
remained significantly lower than with
biosynthetic NPH insulin. These results
suggested that the biosynthetic human
NPHinsulin had a less potent glucose-
lowering effect and a relatively shorter
duration of action compared with semi-
synthetic NPH insulin.

Comparison of human prot-
amine-sodium insulin with human NPH

insulin in normal subjects during a eu-
glycemic clamp showeda slightly earlier
peak in plasma insulin concentrations
with the protamine sodium insulin and a

longer duration of action with the NPH
insulin (62). In a disappearance study in
diabetic patients, human NPH insulin
showed a decline of radioactivity similar
to the Monotard (Monotard MC, Novo/

Nordisk) (61). A semi-synthetic human
insulin preparation (Monotard HM, No-
vo/Nordisk) showed similar disappear-
ance rates compared withaporcine lente
preparation in 11 IDDMpatients G1). In
accordance with this, no significant dif-
ferences were found in serum insulin

concentrations berween human and por-
cine Monotardin short-term studies with

healthy volunteer subjects (41,46).
Clinical studies. In the first clinicaltrial

with diabetic patients, significantly
higher blood glucose levels were ob-
served with human insulin before the

moming and evening injection com-
pared withthe levels when treated with
animal insulin. This was attributed to a

more rapid absorption of the human
NPH insulin (63). In a 15-mo double-

blind crossover study, Homeetal. (64)
found a small butsignificantdifference in
the metabolic control between human

and porcine insulin in 96 insulin-treated
diabetic patients. The fasting blood glu-
cose concentration and HbA, weresig-
nificantly higher with human insulin
than with porcine insulin (11.1 vs. 9.3
mMand 11.7 vs. 11.1%, respectively). A
short-term double-blind crossover study
in 8 IDDM patients, comparing human
with porcine lente insulin, resulted in no
differences in blood glucose control (31).

Thus, the use of human NPHin-
sulin instead of animal NPH insulin

could be a disadvantage. This finding
was tested by another 6-mo double-
blind, crossover study in 22 IDDM pa-
tients, which resulted in similar 24-h

blood glucose profiles, fasting blood glu-
cose levels, HbA,, levels, number of hy-
poglycemic events, and insulin-dose re-
quirements when using semi-synchetic
human NPH insulin and porcine NPH
insulin (65). The authors discuss the

possibility that ic might be of clinical
importance whether semi-synthetic or
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concentrations after subcutaneous injection of 12Uof 4 different human NPHinsulin formulations
(biosynthetic origin: Humulin N [A], Lilly, Indianapolis, IN; semi-synthetic origin: Insulatard H (B]
and protaphane HM [C], Novo/Nordisk; Basal H-Insulin [D], Hoechst AG, Frankfurt/Main, Ger-
many; all U40) at time 0 during 19-h euglycemic glucose clamps in 6 normalsubjects. (SSS), Basal
glucose infusion rate, expressed as means + SD. ”, Significantly different glucose infusion rates of
Basal-H humaninsulin as compared with the other NPH insulins (P < 0.05; ANOVA and Student's
t test (67).

biosynthetic human NPHinsulin prepa-
rations are used.

Time-action profile. Human NPHinsu-
lins were absorbed at a faster rate than

humanzincinsulins (lente insulin) in an

euglycemic clamp study over 8 h with
healchy volunteer subjects. The resule
was an increased metabolic effect within

the first 4 h after injection (66). Thus,
early after injection, the metabolic effects
of human NPH and humanzincinsulin

preparations are different from each
other.

The time-action profiles of four
widely used human NPHinsulin prepa-
rations were investigated in healthy sub-
jects using the euglycemic clamp tech-
nique (Fig. 2) (67). The overall time-
action profiles were interchangeable. The
onset ofaction (defined as half-maximal
action) of all NPH insulins tested was

within 2.5—3 h, with peak action after

5-7 h, and durationof action (defined as
>25% of maximal action) between

13-16 h. This study showed that there
are noclinically importantdifferences in
the duration of action of human NPH
insulins from different insulin manufac-
turers.

Clinical implications. The more rapid
absorption and shorter duration of action
of intermediate-acting human insulin
preparations have clinical implications.
Injecting human NPHinsulin before din-
ner instead of at bedtime might impair
metabolic control during the night.
Higher fasting blood glucose concentra-
tions in the morning, attributable to a
waning of insulin action, have been ob-
served in diabetic patients using human
NPH insulins compared with porcine
NPHinsulins 54,63).

Use of NPH insulin and long-acting
insulin preparations. The problem of
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elevated fasting blood glucose concentra-
tions when human NPH insulin was

used as the evening injection ledto trials
in which the evening injection was
moved to bedtime, or long-acting hu-
man insulin preparations (Ultratard HM)
were used. Fasting blood glucose con-
centrations were significantly lower
whenthe evening dose of human NPI
insulin was given at bedtime instead ofat
dinner (7,5 + 1.1 vs. 10.0 + 1.6 mM;
P < 0.02) (68). Human ultralente insu-

lin injected at bedtime, with its longer
duration of action, resulted in lowerfast-

ing blood glucose concentrations com-
pared with human NPHinsulin (69,70).

In a crossover, randomized dou-

ble-blind trial of 82 IDDM patients, the
use of human lente (Monotard HM, No-

vo/Nordisk) or NPH insulin, given twice
daily in combination with regular human
insulin, resulted in comparable meta-
bolic control (71). With both regimens,
the major problem was elevated blood
glucose concentrations before breakfast
(NPH insulin versus lente insulin:

8.8 + 0.5 vs. 9.0 + 0.5 mM,NS). Thus,
the use of human lente insulin instead of

NPH insulin does not appearto result in
better metabolic control during the
night.

In the above study (and others
quoted), the diabetic patients mixed the
regular insulin with the lente insulin im-
mediately before the injection.It is well
known that this procedure results in
modifications of the time-action profile
of regular insulin (see below).

Long-acting human insulin
preparations
Ultralente insulin preparations made
with bovine or porcine insulin have a
different pharmacokinetic profile from
those made with humaninsulin (72,73).
It is known that human zincinsulin crys-
tals bind water more avidly than pork
insulin crystals. It may be that this causes
a faster dissociation of those zinc insulin

complexes (2,9). Thus, a better solubility
of the crystals of the humaninsulin ul-
tralente preparations compared with
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those of bovine insulin could possibly
explain the faster absorption (74).
Pharmacological studies. The ultralente
formulation with bovineinsulin does not

show a peak action. Its long duration of
action lasts up to 32 h (72,73,75). In
contrast, the human ultralente insulin

preparations show a peakofaction after
8.5 h (73), In onestudy, the duration of
action of humanultralente was reported
to be no shorter than that of bovine ul-

tralente (73).

Hildebrandt et al. (74) reported
that humanultralente had a substantially
faster absorption than bovine ultralente,
when comparingthe disappearancerates
of }**L-labeled insulin preparations at
different doses in IDDM patients. The
faster absorption of human ultralente
compared with bovine was confirmed in
healthy volunteer subjects by measuring
blood glucose decline after injection
(72).

A comparison between a human
insulin zinc suspension (Humulin Zn,
Lilly), which was entirely crystalline in
its formulation (ike ultralente), and the

intermediate-acting porcine lente insulin
zine suspension (Monotard MC, Novo/
Nordisk; 30% amorphous and 70% crys-
talline formulation) showed no differ-

ences in the duration of hypoglycemic
action in a single-dose crossover study in
10 healthy men (76).
Clinical studies. Ultratard HM was
studied in a double-blind crossover

study in 18 insulin-treated IDDM and
NIDDM patients and found to beas ef-
fective as bovineultralente in controlling
basal plasma glucose with once-daily
morning injections (77). The authors
concluded that Ultratard HM is suitable

for meeting basal insulin requirements in
diabetic patients. In this study, there was
no indication that Ultratard HM has a

faster absorption from subcutaneoustis-
sue than bovine ultralente.

Time-action profile. The variable re-
sults of the pharmacological and clinical
studies do not provide a definite answer
to the clinically important question of
whether the duration of action of human
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¢ ) concentrations after subcutaneous in-

jection of 12 U of a humanlente insulin formu-
lation (Ultratard HM) at time O during 24-h
euglycemic glucose clamps in 7 normal subjects.
CSS9), Basal glucose infusion rates; means + SD
(78).

 

ultralente falls berween that of interme-

diate-acting and long-acting insulin, or
whether it is similar to that of long-
acting insulin.

A studyof the time-actionprofile
of Ultratard HM using the euglycemic
clamp technique (injection of 12 U in
healthy subjects) revealed that peak ac-
tion (reached after 10 h) was two-thirds

that of a NPHinsulin (Fig. 3, in compar-
ison to Fig. 2c) (78). With bothinsulins,
after 20 hours free plasma insulin con-
centrations had returned to basal values

and glucose infusion rates indicated that
the metabolic effect had nearly returned
to basal values. Thus, the duration of
action of humanultralente is not consid-

erably longer than that of NPH insulin.
Clinical implications. Thus, once-daily
injections of Uleratard HM in the given
dose (12 U) will not provide sufficient
basal insulinemia during the whole day.
Twice-daily injections of human ul-
tralente insulin are necessary to achieve
basal insulin requirements.

Clinical trials showed that such

an insulin regimen resulted in lowerfast-
ing blood glucose concentrations than
twice-daily injections of human lente in-
sulin (79,80). If only once-daily injec-
tion of human ultralente was used, injec-
tion in the morning resulted in a higher
fasting blood glucose concentration than
injection at bedtime (81,82). In a study

of IDDM patients that used a multiple-
injection regimen to compare human
isophane insulin with human ultralente
at bedtime, blood glucose at 0800 was
significantly lower with isophane insulin
than with the ultralente preparation
(10.2 + 1.2 vs. 14.3 + 1.3 mM); al-

thoughthe doseof the bedtime ultralente
insulin injection (0.35 U + kg™* + day~*)
was significandy higher than the dose of
isophane insulin (0.25 U-kg- day7':
P < 0.005) (83).

Treatment with a once-daily in-
jection of humanultralente overa period
of 6 moresulted in a significant improve-
ment in metabolic control (a drop in
HbA,, from 13.2 to 10.6%) in 22
NIDDM patients with secondary sulfo-
nylurea failure (64). However, there were
frequent episodes of hypoglycemia. In
the same study, 10 patients who were
receiving once-daily injections of a bo-
vine lente insulin preparation showed a
similar improvement in metabolic con-
trol (from 13.1 to 11.2%), but the fre-

quency of hypoglycemic episodes was
significantly lower. In this study, the
pharmacodynamic properties of human
ultralente in comparison with the more
flat action profile of bovine lente insulin
are clearly unsuitable as a single-daily
injection in NIDDM patients when aim-
ing at improved metabolic control.

In contrast to the comment we

made regarding the shorter duration of
action of human NPH insulins, noclin-

ical disadvantage could be seen with the
shorter duration of action of human ul-

tralente compared with its bovine coun-
terpart. For example, we do not recom-
mend use of bovine ultralente to our

patients because of the prolonged dura-
tion of action, which potentially could
cause an overlapping interaction be-
tween the metabolic activity of the insu-
lin of the current injection and that of the
previous day. This unpredictable accu-
mulation of insulin action can result in

prolonged and severe hypoglycemias.
Moreover, the patienc cannot adapt the
dose to changing insulin needs, for ex-
ample, when exercise is planned. Thus,
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the shorter duration of action of human

ultralente appears to be an advantage
and not a disadvantage in clinical prac-
tice.

Miscibility. One problem of Ultratard
(and other humanlente insulin prepara-
tions) is that it cannot be premixed with
short-acting insulins in one syringe wich-
out a considerable change in the time-
action profile (i.e., a retardation of the
onset of action of the short-acting insu-
lin). This effect is pronounced even when
the mixed humanlente insulin prepara-
tions are injected immediately after being
drawn into the syringe (25,85-88). This
delay is caused by a binding of the added
regular insulin to zinc, present in excess
in the ultralente (and lente) insulins,

which results in an amorphous precipi-
tation of zinc insulin. Mixing of human
regular and NPH insulin does not result
in blunting of the action of the soluble
component, regardless of whetherir is
readily mixed or premixed (3,89).

Another problem with ultralente
insulin preparations is the high variabil-
ity of its insulin bioavailability after in-
jection, a phenomenon well known to
the clinician. However, data showingthis
variability are only available for bovine
ultralente (75,90), and, to our knowl-

edge, no formal investigations of this as-
pect have been published for Ultratard.

EFFECT OF HUMANINSULIN ON
INTERMEDIARY METABOLITES
AND LIPID METABOLISM—=In

vitro studies with insulin receptors from
human lymphocytes, as well as measure-
ments of lipid metabolism in rat adipo-
cytes and hepatocytes, showed that the
biological actions of biosynthetic human
insulin and porcine insulin were identi-
cal (91,92). Injection of 0.075 U/kg of
either humaninsulin or porcine insulin
by intravenous bolus were reported to
result in differences in intermediate me-

tabolites and counterregulatory hor-
mones (93), However,nostatistical anal-

ysis was given and the reported
differences appear to be small. Effects on
intermediary metabolite concentrations

(blood lactate, pyruvate, alanine, glyc-
erol, and 3-hydroxybutyrate) were simi-
lar after subcutaneous injection of hu-
maninsulin, porcine, and bovine insulin
(49,50), or during euglycemic clamp
studies with intravenous infusion of hu-

man insulin or porcine insulin (26,38,
39,94).

Although, the initial studies
showed differences in hepatic action be-
tween humaninsulin and porcine insulin
(21), this was not confirmed in later

tumoverstudies. Suppression of hepatic
glucose production and stimulation of
peripheral glucose utilization were basi-
cally identical with human insulin and
porcine regular insulin (94)

CONCLUSIONS — Humaninsulin

preparations of both biosynthetic and
semi-synthetic origin have similar, but
notidentical, pharmacological properties
when compared wich purified porcine
insulin. Pharmacodynamic differences
between human insulin and animal in-

sulin preparations in clinical pharmacol-
ogy are small with short-acting insulin
preparations, considerable with NPH in-
sulins, and substantial conceming long-
acting insulin preparations. Develop-
mentandintroduction of humaninsulin
has not revolutionized insulin treatment

of IDDMpatients. Obviously, the change
from animal to human insulin per se
does not improve metabolic control.

The choice of insulins with ap-
propriate pharmacological characteris-
tics, purity, and origin of the insulin
preparations are important prerequisites
for optimal therapy. A successfulinsulin
regimen must consider insulin replace-
mentstrategies that are appropriate for
the patient’s lifestyle and individual
treatment goals (95-97). And, most im~-
portant, the patients must receive in-
struction on the time-action profiles of
the insulins they use, and information on
how to adapt the doses to achieve good
metabolic control while avoiding hypo-
glycemic episodes.
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A drug receives Resolved status when the Drug
Shortages Staff (DSS) determines that the market is
covered, based on information from all manufacturers.

The market is considered covered when supply is
available from at least one manufacturer to cover total
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have ali presentations available. DSS monitors the
supply of products with Resolved status. For the mast

current supply information, contact the manufacturers.
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Guidancefor Industry’

Changes to an Approved NDA or ANDA

 

This guidance represents the Food and Drug Administration's (FDA's) current thinking onthis
topic. It does not create or confer any rights for or on any person and does not operate to
bind FDA orthe public.** You can use an alternative approach if it satisfies the
requirements of the applicable statutes and regulations. If you wantto discuss an alternative
approach, contact the FDA staff responsible for implementing this guidance. If you cannot
identify the appropriate FDAstaff, call the appropriate numberlisted on the title page ofthis
guidance.

** Tnsolar as this guidance adjusts reporting calegones pursuant to section 506A of the Federal Food, Drug, and
Cosmetic Act and 21 CFR 314.70,it does have binding effect. Ifyou have any questions about the effect of any portion
of this guidance, contact the Office of Pharmaceutical Science, Center for Drug Evaluation and Research (HFD-003),
Food and Drug Association, 5600 Fishers Lane, Rockville, MD 20857. 

 
L INTRODUCTION AND BACKGROUND

This guidance provides recommendations to holders of new drug applications (NDAs) and
abbreviated new drug applications (ANDAs) whointend to make postapproval changesin
accordance with section 506A of the Federal Food, Drug, and Cosmetic Act (the Act) and
§ 314.70 (21 CFR 314.70). The guidance covers recommended reporting categories for
postapproval changes for drugs other than specified biotechnology and specified synthetic
biological products. It supersedes the guidance of the same title published November 1999.
Recommendations are provided for postapproval changes in (1) components and composition, (2)
manufacturingsites, (3) manufacturing process, (4) specifications, (5) container closure system,
and (6) labeling, as well as (7) miscellaneous changes and (8) multiple related changes.

Recommendations on reporting categories for changesrelating to specified biotechnology and
specified synthetic biological products regulated by CDERare found in the guidance for industry

' This guidance has been prepared underthe direction of the Chemistry, Manufacturing and Controls Coordinating Committee in
the Center for Dmg Evaluation and Research (CDER)at the Food and Drug Administration (FDA).

Paperwork Reduction Act Public Burden Statement: This guidance contains informationcollection provisions that are subject
to review by the Office of Management and Budget (OMB) under the Paperwork Reduction Act of 1995 (PRA) (44 U.S.C.
3501-3520). The collection(s) of information in this guidance were approved under OMB Control No. 0910-0538 (until August
31, 2005).

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
and 21 CFR 314.70, it docs have binding cffcct.
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entitled Changes to an ApprovedApplicationfor SpecifiedBiotechnology and Specified
Synthetic Biological Products (July 1997)?

On November21, 1997, the President signed the Food and Drug Administration Modemization
Act of 1997 (the Modernization Act).* Section 116 of the Modernization Act amendedthe the Act
by adding section 506A, which provides requirements for making and reporting manufacturing
changes to an approved application and for distributing a drug product made with such changes.
The FDAhasrevised its regulations on supplements and other changes to an approved application
(21 CFR 314.70) to conform to section 506A of the Act.

This guidance does not provide recommendations on the specific information that should be
developed by an applicant to assess the effect of the change on the identity, strength (e.g., assay,
content uniformity), quality (e.g., physical, chemical, and biological properties), purity (e.g.,
impurities and degradation products), or potency (e.g., biological activity, bioavailability,
bioequivalence) of a drug product as these factors may relate to the safety or effectiveness ofthe
drug product. An applicant should considerall relevant CDER guidance documents for
recommendationsonthe information that should be submitted to support a given change.’

CDERhas published guidances, including the SUPAC(scale-up and postapproval changes)
guidances, that provide recommendations on reporting categories. To the extent that the
recommendations on reporting categories in this guidance are foundto be inconsistent with
guidances published before this guidance wasfinalized, the recommended reporting categories in
such previously published guidances are superseded by this guidance. This guidance does not
provide extensive recommendations on reporting categories for components and composition
changes(see section V). Therefore, recommended reporting categories for components and
composition changes provided in previously published guidances, such as the SUPAC guidances,

still apply. Section 506A of the Act and § 314.70(c) provide for two types of changes-being-
effected supplements (see section IT), while previously there was only one type. It is important for
applicants to use this guidance to determine which type of changes-being-effected supplementis
recommended. CDERintends to update the previously published guidances to make them
consistent with this guidance.

If guidance for either recommendedreporting categories or information that should be submitted to
support a particular changeis not available, the appropriate CDER chemistry or microbiology
review staff can be consulted for advice.

FDA's guidance documents, in general, do not establish legally enforceable responsibilities.
Instead, guidances describe the Agency's current thinking on a topic and should be viewed onlyas
recommendations, unless specific regulatory or statutory requirements are cited. The use of the
word should in Agency guidances means that something is suggested or recommended,but not
required. Insofar as this guidance adjusts reporting categories pursuant to section 506A ofthe
Federal Food, Drug, and Cosmetic Act and 21 CFR 314.70, it does have binding effect. If you

? FDAis currentlyrevising the 1997 guidance andintends toissueit in draft for public comment.

* Public Law 105-115.

* A list of CDER guidancesis available on the Intemet at http:/Avwwfda.gov/cder/guidance/index.htm.

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
and 21 CFR 314.70, it docs have binding cffcct.
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have any questions aboutthe effect of any portion of this guidance, contact the Office of
Pharmaceutical Science, Center for Drug Evaluation and Research (HFD-003), Food and Drug
Association, 5600 Fishers Lane, Rockville, MD 20857.

IL. REPORTING CATEGORIES

Section 506A of the Act and § 314.70 provide for four reporting categories that are distinguished
in the following paragraphs.

A major changeis a changethat has a substantial potential to have an adverse effect on the
identity, strength, quality, purity, or potency of a drug product as these factors mayrelate to the
safety or effectiveness of the drug product. A major change requires the submission of a
supplement and approval by FDApriorto distribution of the drug product madeusing the change.
This type of supplementis called, and should be clearly labeled, a Prior Approval Supplement(§
314.70(b)). An applicant may ask FDAto expediteits review of a prior approval supplementfor
public health reasons(e.g., drug shortage) or if a delay in making the change described in it would
impose an extraordinary hardship on the applicant. This type of supplementis called, and should
be clearly labeled, a Prior Approval Supplement - Expedited Review Requested (§
314.70(b)(4)).° FDAis mostlikely to grant requests for expedited review based on extraordinary
hardship for manufacturing changes made necessary bycatastrophic events (e.g., fire) or by events
that could not be reasonably foreseen and for which the applicant could not plan.

A moderate change 1s a change that has a moderate potential to have an adverse effect on the
identity, strength, quality, purity, or potency of the drug product as these factors may relate to the
safety or effectiveness of the drug product. There are two types of moderate change. One type of
moderate change requires the submission of a supplement to FDAat least 30 days before the
distribution of the drug product made using the change. This type of supplementis called, and
should be clearly labeled, a Supplement - Changes Being Effected in 30 Days (§ 314.70(c)(3)).
The drug product made using a moderate change cannotbe distributed if FDA informsthe
applicant within 30 days of receipt of the supplement that a prior approval supplementis required
(§ 314.70(c)(5)(i)). For each change, the supplement must contain information determined by
FDAto be appropriate and must include the information developed by the applicant in assessing
the effects of the change (§ 314.70(a)(2) and (c)(4)). If FDA informsthe applicant within 30 days
of receipt of the supplement that information 1s missing, distribution must be delayed until the
supplement has been amended to provide the missing information (§ 314.70(c)(5)(i)).

FDA mayidentify certain moderate changes for which distribution can occur when FDAreceives
the supplement (§ 314.70(c)(6)). This type of supplementis called, and should be clearly labeled,
a Supplement - Changes Being Effected. If, after review, FDA disapproves a changes-being-
effected-in-30-days supplement or changes-being-effected supplement, FDA mayorder the

* Internal Agencypolicies and proceduresrelating to processing requests for expedited review of supplements to approved
ANDAs and NDAsare documented in CDER's Manual of Policies and Procedures (MAPP)at 5240.1 and 5310.3,
respectively. MAPPs can be located on the Internetat littp:/Avww.fda.gov/cder/mapp.htm.

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
and 21 CFR 314.70, it docs have binding cffcct. 2
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manufacturer to cease distribution of the drug products made using the disapproved change (§
314.70(c)(7)).

A minor change is a change that has minimal potential to have an adverse effect on the identity,
strength, quality, purity, or potency of the drug product as these factors may relate to the safety or
effectiveness of the drug product. The applicant must describe minor changesin its next Annual

Report (§ 314.70(d)).

Under § 314.70(e), an applicant can submit one or more protocols (1.e., comparability protocols)
describing tests, studies, and acceptancecriteria to be achieved to demonstrate the absence of an
adverse effect from specified types of changes. A comparability protocol can be used to reduce
the reporting categoryfor specified changes. A proposed comparability protocol that was not
approvedas part ofthe original application must be submitted as a prior approval supplement
(314.70(e)). On February 25, 2003, FDA issued a draft guidance on comparability protocols
entitled Comparability protocols - Chemistry, Manufacturing, and Controls Information.

TH. GENERAL REQUIREMENTS

Other than for editorial changes in previously submitted information (e.g., correction ofspelling or
typographical errors, reformatting of batch records), an applicant must notify FDA about each
change in each condition established in an approved application beyond the variations already
provided for in the application (§ 314.70(a)(1)).

A supplement or annual report must includea list of all changes contained in the supplement or
annual report. On the list, FDA recommendsthat the applicant describe each change in enough
detail to allow FDA to quickly determine whether the appropriate reporting category has been
used. For supplements, this list must be provided in the coverletter (§ 314.70(a)(6)). In annual
reports, the list should be included in the summary section (§ 314.81(b)(2)(1)). The applicant must
describe each change fully in the supplement or annual report (§ 314.70(a)(1)).

An applicant making a change to an approved application under section 506A of the Act must also
conform to other applicable laws and regulations, including current good manufacturing practice
(CGMP) requirements of the Act (21 U.S.C. 351(a)(2)(B)) and applicable regulations in Title 21
of the Code ofFederal Regulations (e.g., 21 CFR parts 210, 211, 314). For example,
manufacturers must comply with relevant CGMP validation and recordkeeping requirements and
ensure that relevant records are readily available for examination by authorized FDA personnel
during an inspection.

A changes-being-effected supplement providing for labeling changes under § 314.70(c)(6)(iii)
must include 12 copies of the final printed labeling (§ 314.70(c)(1)). In accordance with

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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§ 314.70(a)4), an applicant also must promptly revise all promotional labeling and drug
advertising to make it consistent with any labeling change implemented in accordance with §
314.70(b) or (c).

Except for supplements providing only for a change in labeling, an applicant must include in each
supplement and amendmentto a supplementa statementcertifying that a field copy has been
provided in accordance with 21 CFR 314.440(a)(4)° (§ 314.70(a)(5)).

IV. ASSESSING THE EFFECT OF MANUFACTURING CHANGES

A. Assessmentof the Effects of the Change

The holder of an approved application under section 505 of the Act must assess the
effects of the change before distributing a drug product made with a manufacturing
change (§ 314.70(a)(2)).’ For each change, the supplement or annual report must contain
information determined by FDAto be appropriate and must include the information
developed bythe applicant in assessing the effects of the change (section 506A(b),(c)(1),
(d)(2)(A), and (d)(3)(A) of the Act). The type of information that must be included in a
supplemental application or an annual report is specified in § 314.70(b)(3), (c)(4), and
(d)(3).

Z. Conformance to Specifications

An assessmentof the effects of a change on the identity, strength, quality, purity, and
potency of the drug product should include a determination that the drug substance
intermediates, drug substance, in-process materials, and/or drug product affected
by the change conform to the approved specifications.® A specification is a quality
standard(1.e., tests, analytical procedures, and acceptancecriteria) provided in an
approved application to confirm the quality of drug substances, drug products,
intermediates, raw materials, reagents, components, in-process materials, container
closure systems, and other materials used in the production of a drug substance or
drug product. Acceptance criteria are numerical limits, ranges, or other criteria

for the tests described (§ 314.3(b)). Conformanceto a specification meansthat the

* Mailing information forfield copies is provided in 21 CFR 314.440(a)(4). FDA recommends that the applicant's home FDA
district office referred to in the regulations be the district office where the applicant's headquarters is located.

” Assess the effects of the change means to evaluate the effects of a manufacturing change onthe identity, strength, quality,
purity, and potency of a drug product as these factors relate to the safety or effectiveness of the dmg product. The tens assess
Or assessment as used in this guidanceare not the same as validation. Certain validation information, such as forsterilization
processes, is considered information that is neededto assess the effect of the change as specified in § 314.70(a)(2) and should be
submitted in an NDA or ANDA. Unless otherwise specified by FDA,validation (e.g., process, equipment) data need not be
submitted in the application, but should be retained at the facility and be available for review by FDAat the Agency's discretion
under CGMPs.

* If a specification needsto be revised as a result of the change, this would be considered a multiple change(see sections VIII and
XID.

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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material, when tested according to the analytical procedures listed in the
specification, will meet the listed acceptancecriteria.

2. Additional Testing

In addition to confirming that the material affected by manufacturing changes
continues to meet its specification, we recommendthat the applicant perform
additional testing, when appropriate, to assess whetherthe identity, strength,
quality, purity, or potency of the drug product as these factors may relate to the
safety or effectiveness of the drug product have been or will be affected. The
assessment should include, as appropriate, evaluation of any changesin the
chemical, physical, microbiological, biological, bioavailability, and/or stability
profiles. This additional assessment could involvetesting of the postchange drug
productitself or, if appropriate, the material directly affected by the change. The
type of additional testing that an applicant should perform would depend on the
type of manufacturing change, the type of drug substance and/or drug product, and
the effect of the change on the quality of the drug product. For example:

e Evaluation of changes in the impurity or degradantprofile couldfirst
involve profiling using appropriate chromatographic techmiques and then,
depending on the observed changes in the impurity profile, toxicology tests
to qualify a new impurity or degradant or to qualify an impurity that is
above a previously qualified level.’

e Evaluation of the hardness or friability of a tablet after certain changes.

e Assessmentof the effect of a change on bioequivalence when required
under 21 CFR part 320 could include, for example, multipoint and/or
multimedia dissolution profiling and/or an in vivo bioequivalence study.

e Evaluation of extractables from new packaging components or moisture
permeability of a new container closure system.

An applicant should refer to all relevant CDER guidance documents for
recommendations on the information that should be submitted to support a given
change. If guidance for information that should be submitted to support a particular
change1s not available, applicants can consult the appropriate CDER chemistry or
microbiologyreview staff for advice.

B. Equivalence

Whentesting is performed, the applicant should usually assess the extent to which the
manufacturing change hasaffected the identity, strength, quality, purity, and potency of the

* Recommendations on identifying, qualifying, and reporting impurities can be found in relevant guidances(¢.g., ICH Q3B
impurities in New Drug Products (November 1996)).

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
and 21 CFR 314.70, it docs have binding cffcct.

6

P.10 UT Ex. 2050

SteadyMed v. United Therapeutics
IPR2016-00006

IPR2020-00769

United Therapeutics EX2006
Page 5529 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5530 of 7113

Contains Nonbinding Recommendations*

drug product. Typically this is accomplished by comparing test results from pre- and
postchange material and determiningif the test results are equivalent. Simply stated: Is the
drug product made after the change equivalent to the drug product made before the change?
An exception to this general approach is that when bioequivalence is redocumented for

certain ANDApostapproval changes, FDA recommendsthat the comparator be the
reference listed drug. Equivalence comparisons frequently have a criterion for comparison
with calculation of confidence intervals relative to a predetermined equivalenceinterval.
Forthis, as well as for other reasons, equivalent does not necessarily mean identical.
Equivalence mayalso relate to maintenance of a quality characteristic (e.g., stability)
rather than a single performanceofa test.

Cc. Adverse Effect

Some manufacturing changes have an adverse effect on the identity, strength, quality, purity,
or potencyof the drug product. In many cases, the applicant chooses not to implement
these manufacturing changes, but sometimes the applicant wishes to do so. If an assessment
indicates that a change has adversely affected the identity, strength, quality, purity, or
potencyof the drug product, FDA recommendsthat the change he submitted in a prior
approval supplement regardless of the reconunended reporting categoryfor the
change. For example, a process change recommendedfor a changes-being-effected-in-30-
days supplement could cause the formation of a new degradant that requires qualification
and/or identification.” The applicant's degradation qualification procedures may indicate
that there are no safety concernsrelating to the new degradant. Even so, we recommend
that the applicant submit this change in a prior approval supplement with appropriate
information to support the continued safety and effectiveness of the drug product. During
the review of the prior approval supplement, the FDA will assess the impact of any
adverse effect on the drug product as this change mayrelate to the safety or effectiveness of
the drug product.

Applicants are encouraged to consult with the appropriate CDER chemistry or
microbiologyreview staff if there are any questions on whether a changein a characteristic
would be viewed by CDERas adversely affecting the identity, strength, quality, purity, or
potencyof the drug product.

Vv. COMPONENTS AND COMPOSITION

Changesin the qualitative or quantitative formulation, including inactive ingredients, as provided
in the approved application, are considered major changes requiring a prior approval supplement,
unless exempted by regulation or guidance (§ 314.70(b)(2)(i)). The deletion or reduction of an
ingredient intendedto affect only the color of the drug product may be reported in an annual report

(§ 314.70(d)(2)(ii)). Guidance on changes in components and composition that may be submitted
in a changes-being-effected supplement or annual report is not included in this document because

' Recommendations on identifying, qualifying, and reporting impurities can be found in relevant guidances.

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
and 21 CFR 314.70, it docs have binding cffcct. 4

P.11 UT Ex. 2050

SteadyMed v. United Therapeutics
IPR2016-00006

IPR2020-00769

United Therapeutics EX2006
Page 5530 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5531 of 7113

Contains Nonbinding Recommendations*

of the complexity of the recommendations, but may be covered in one or more guidance documents
describing postapproval changes (e.g., SUPAC documents).

VI. MANUFACTURINGSITES"

A, General Considerations

CDER must be notified when a manufacturer changes to a manufacturingsite that 1s
different from those specified in the approved application (314.70(a)). Sites can include
those used by an applicantto (1) manufacture or process drug products,’* in-process
materials, drug substances, or drug substance intermediates, (2) package drug products, (3)
label drug products, and (4) test components, drug product containers, closures, packaging
materials, in-process materials, or drug products. Sites include those ownedbythe
applicant or contractsites used by an applicant. Testing sites include those performing
physical, chemical, biological, and microbiological testing to monitor, accept, or reject
materials, as well as those performing stability testing. Sites used to label drug products
are considered those that perform labeling of the drug product's primary or secondary
packaging components. Sites performing operationsthat place identifying information on
the dosage form itself(e.g., ink imprint on a filled capsule) are considered to be facilities
that manufacture or process the drug product. FDA recommendsthat the supplement or
annual report identify whether the proposed manufacturing site is an alternative to or
replacementfor thesite or sites provided for in the approved application.

FDArecommendsthat a moveto a different manufacturing site, whenit is a type ofsite
routinely subject to FDA inspection, be submitted as a prior approval supplementifthesite
does not have a satisfactory CGMPinspection" for the type ofoperation’ being moved
(see sections VI.B.1 and 2).

Forlabeling, secondary packaging, and testing site changes, the potential for adverse effect
on the identity, strength, quality, purity, or potency of a drug productas these factors may
relate to the safety or effectiveness of the drug product 1s considered to be independent of
the type of drug product dosage form or specific type of operation being performed.
Therefore, the recommended reporting category for any one of these manufacturingsite
changeswill be the sameforall types of drug products and operations. For manufacturing
sites used to (1) manufacture or process drug products, in-process materials, drug
substances, or drug substance intermediates or (2) perform primary packaging operations,

“' See Attachment A fora discussionofthe definition of same manufacturing site and different manufacturingsite.

” Manufacturing or processing dmg product would also include the preparation (e.g., sterilization, depyrogenation, irradiation,
washing) by the applicant or applicant's contractor of container closure systems or packaging components. Changes in the site
uscd to fabricate packaging componcnts (c.g., bottles) or manufacture packaging matemials (c.g., resins) need not be reported to
CDERif there are no other changes(e.g., dimensions, composilions, processing aids). If other changes occur, the reporting
category should be based on the recommendedreporting categories for these changes(ie., the manufacturing site change does
not need to be considered whien determining the appropriate reporting category).

8 See Glossaryfor a definition of satisfactory CGMP inspection.

" See AttachmentB fora discussionof the term type ofoperation.

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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the potential for adverse effect depends on factors such as the type of drug substance or
drug product and operation being performed. Therefore, recommendedreporting
categories maydiffer depending on the type of drug product and operations.

Except for the situations described in sections VI.B.4, VIC.1.b, and VLD.5, construction
activities at a manufacturing site or moving production operations within a building or
between buildings at the same manufacturing site do not have to be reported to CDER.

Werecommendthat a move to a manufacturingsite that involves other changes(e.g.,
process, equipment) be evaluated as a multiple related change (see section XII) to
determine the appropriate reporting category.

B. Major Changes(Prior Approval Supplement)

The following are examples of changes considered to have a substantial potential to have
an adverse effect on the identity, strength, quality, purity, or potency of a drug product as
these factors mayrelate to the safety or effectiveness of the drug product.

1. A moveto a different manufacturing site, except one used to manufacture or
process a drug substance intermediate, when the new manufacturingsite has
never been inspected by FDA for the type of operation that is being moved
or the moveresults in a restart at the new manufacturingsite of a type of
operation that has been discontinued for more than twoyears.

2. A moveto a different manufacturing site, except one used to manufacture or
process a drug substance intermediate, when the new manufacturingsite
does not have a satisfactory CGMP inspection for the type of operation
being moved.

3. A moveto a different manufacturing site for (1) the manufacture,
processing, or primary packaging of drug products when the primary
packaging components control the dose delivered to the patient or the
formulation modifies the rate or extent of availability of the drug, or (2) the
manufacture or processing of in-process materials with modified-release
characteristics. Examples of these types of drug products include modified-
release solid oral dosage forms,’ transdermal systems, liposomal drug
products, depot drug products, oral and nasal metered-dose inhalers
(MDIs), dry powder inhalers (DPIs), and nasal spray pumps.

4. Transfer of the manufacture ofan aseptically processed sterile drug
substance or aseptically processed sterile drug product to (1) a newly
constructed or refurbished aseptic processing facility or area or (2) an
existing aseptic processing facility or area that does not manufacture similar
(including container types and sizes) approved drug preducts. An example

‘S Certain operations relating to the manufacture, processing, or primary packaging of modified-release solid oral dosage form
drug products need not be reported in a prior approval supplement(see sections VI.C.1.c and VI.D.6).

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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would be transferring the manufacture of a lyophilized drug productto an
existing aseptic process area where no approved lyophilized drug products
are manufactured or where the approved lyophilized drug products being
manufactured have different container types and/or sizes than the container
of the drug product being transferred. See section VI.C.1.b for
recommendations for other manufacturing site changesrelating to
aseptically processed sterile drug substance or aseptically processed sterile
drug product.

5. Transfer of the manufacture of a finished drug product sterilized by terminal
processes to a newlyconstructed facility at a different manufacturing site.
Once this change has been approved, subsequentsite changesto the facility
for similar drug product types and processes may be submitted as a
changes-being-effected-in-30-days supplement (see section VLC. 1.a).

C. Moderate Changes (Supplement - Changes Being Effected)

The following are examples of changes considered to have a moderate potential to have an
adverse effect on the identity, strength, quality, purity, or potency of a drug product as these
factors may relate to the safety or effectiveness of the drug product. Ifthe new site does
not have a satisfactory CGMP inspection for the type of operation being moved(see
sections VI.B.1 and 2), then FDA recommendsthat the changeslisted below (excluding
changesrelating to drug substance intermediate manufacturing sites) be submitted in a prior
approval supplement.

1. Supplement - Changes Being Effected in 30 Days

a. A moveto a different manufacturing site for the manufacture or
processing of any drug product, in-process material, or drug
substance that is not otherwise provided for in this guidance.

b. Foraseptically processed sterile drug substance or aseptically
processedsterile drug product, a moveto an aseptic processing
facility or area at the same or different manufacturing site except as
provided for in section V1.B.4.

c. A moveto a different manufacturing site for the primary packaging
of (1) any drug product that is not otherwise listed as a major
change and (2) modified-release solid oral dosage form drug
products.

d. A moveto a different manufacturing site for testing if (1) the test
procedures approvedin the application or procedures that have
been implemented via an annual report are used, (2)all
postapproval commitments madeby the applicantrelating to the test
procedures have beenfulfilled (e.g., providing methodsvalidation

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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samples), and (3) the new testing facility has the capability to
perform the intendedtesting.

2. Supplement - Changes Being Effected

A moveto a different manufacturing site for the manufacture or processing
of the final intermediate.

D. Minor Changes (AnnualReport)

The following are examples of changes considered to have a minimal potential to have an
adverse effect on the identity, strength, quality, purity, or potency of a drug product as these
factors mayrelate to the safety or effectiveness of the drug product. If the new site does
not have a satisfactory CGMP inspection for the type of operation being moved, then FDA
recommendsthat the changeslisted below (excluding changesrelating to drug substance
intermediate manufacturing sites) be submitted in a prior approval supplement(see
sections VI.B.1 and 2).

1. A moveto a different manufacturing site for secondary packaging.

2. A moveto a different manufacturing site for labeling.

3. A moveto a different manufacturing site for the manufacture or processing
of drug substance intermediates other than the final intermediate.

4. A changein the contract sterilization site for packaging components when
the process is not materially different from that provided for in the
approved application

5. A transfer of the manufacture of a finished productsterilized by terminal
processes to a newly constructed building or existing building at the same
manufacturing site.

6. A moveto a different manufacturing site for the ink imprinting ofsolid oral
dosage form drug products.

MANUFACTURING PROCESS

A. General Considerations

The potential for adverse effects on the identity, strength, quality, purity, or potency of a
drug product as these factors mayrelate to the safety or effectiveness of the drug product
depends on the type of manufacturing process and the changes being instituted for the drug
substance or drug product. In somecases, there maybe a substantial potential for adverse
effect regardless of direct testing of the drug substance or drug product for conformance
with the approved specification. Whenthere is a substantial potential for adverse effects,
a change must be submitted in a prior approval supplement(section 506A(c) of the Act).

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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B. Major Changes (Prior Approval Supplement)

The following are examples of changes considered to have a substantial potential to have
an adverse effect on the identity, strength, quality, purity, or potency of a drug product as
these factors mayrelate to the safety or effectiveness of the drug product.

1. Changes that mayaffect the controlled (or modified) release, metering or
other characteristics (e.g., particle size) of the dose delivered to the patient,
including the addition or deletion of a code imprint by embossing,
debossing, or engraving on a modified-release solid oral dosage form.

2. Changes that may affect drug product sterility assurance including, where
appropriate, process changesforsterile drug substances andsterile
packaging components. These include:

e Changesin the sterilization method (e.g., gas, dry heat, irradiation). These
include changesfrom sterile filtered or aseptic processing to terminal
sterilization, or vice versa.

e Addition, deletion, or substitution ofsterilization steps or procedures for
handling sterile materials in an aseptic processing operation.

¢ Replacing sterilizers that operate by one set of principles with sterilizers
that operate by anotherprinciple (e.g., substituting a gravity displacement
steam process with a process using superheated water spray).

e Addition to an aseptic processing line of new equipment made ofdifferent
materials (e.g., stainless steel versus glass, changes between plastics) that
will come in contact with sterilized bulk solution or sterile drug
components, or deletion of equipment from an aseptic processing line.

e Replacing a Class 100 aseptic fill area with a barrier system or isolator for
aseptic filling. Once this change has been approved, subsequent process
changes for similar product types in the same barrier system or isolator may
be submitted as a changes-being-effected-in-30-days supplement.

e Replacement or addition of lyophilization equipment of a differentsize that
uses different operating parameters or lengthens the overall process time.

e Changes from bioburden-based terminal sterilization to the use of an
overkill process, and vice versa.

« Changesto aseptic processing methods, including scale, that extendthe total
processing, including bulk storage time, by more than 50 percent beyond the
validated limits in the approved application.

e Changesin sterilizer load configurations that are outside the range of
previously validated loads.

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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Changesin materials or pore size rating of filters used in aseptic
processing.

The following changesfor a natural product:'°

Changesin the virus or adventitious agent removal or inactivation methods.
This applies to any material where such procedures are necessary,

including drug substance, drug product, reagents, and excipients.

For drug substance and drug product, changes in the source material (e.g.,
microorganism, plant) orcell line.

For drug substance and drug product, establishment of a new mastercell
bank or seed.

Any fundamental change in the manufacturing process or technology from
that currently used bythe applicant. For example:

a. Drug product

e Dry to wet granulation or vice versa.
e Changefrom one type of drying process to another(e.g., oven tray,

fluid bed, microwave).

b. Drug substance

e Filtration to centrifugation or vice versa.

e Change in the route of synthesis of a drug substance.

The following changes for drug substance

Any process change madeafter the final intermediate processing step in
drug substance manufacture.

Changesin the synthesis or manufacture of the drug substance that may
affect its impurity profile and/or the physical, chemical, or biological
properties.

Addition of an ink code imprint or change to or in the ink used for an
existing imprint code for a solid oral dosage form drug product when the
ink as changedis not currently used on CDER-approved drug products."”

'S For the purposesofthis guidance, naturalproduct refers to materials (c.g., drug substance, excipients) that are derived from
plants, animals, or microorganisms, and thal are subject to approval undersection 505 of the Act. The specific recommendations
for natural products are not applicable to inorganic compounds(e.z., salts, mimerals).

"” See Attachment C for a discussion of CDER-approved drug products.

* Insofar as this guidance adjusts reporting categories pursuantto section 506A of the Federal Food, Drug, and Cosmetic Act
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7. Establishing a new procedure for reprocessing a batch of drug substance or
drug product that fails to meet the approved specification.

C. Moderate Changes (Supplement - Changes Being Effected)

The following are examples of changes considered to have a moderate potential to have an
adverse effect on the identity, strength, quality, purity, or potency of a drug product as these
factors may relate to the safety or effectiveness of the drug product.

f. Supplement - Changes Being Effected in 30 Days

a. For drug products, any change in the process, process parameters,
and/or equipment except as otherwise provided for in this guidance.

b. For drug substances, any change in process and/or process
parameters except as otherwise provided for in this guidance.

c. For natural protein drug substances and natural protein drug
products:

e Any change in the process, process parameters, and/or equipment
except as otherwise provided for in this guidance (e.g., section
VILB.5, VILD.7).

e Anincrease or decrease in production scale during finishing steps
that involves different equipment.

e Replacement of equipment with equipment of different design that
does not affect the process methodology or process operating
parameters.

d. Forsterile drug products, drug substances, and components, as
appropriate:

e Changes in dry heat depyrogenation processes for glass container
systems for drug substances and drug products that are produced by
terminal sterilization processes or aseptic processing.

e Changestofiltration parameters for aseptic processing (including
flow rate, pressure, time, or volume, butnot filter materials or pore
size rating) when additional validation studies for the new
parameters should be performed.

e Filtration process changesthat provide for a change from single to
dual sterilizing filters in series, or for repeated filtration of a bulk.

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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e Changes from one qualified sterilization chamber to anotherfor in-
process or terminal sterilization that result in changes to validated
operating parameters (time, temperature, Fy, and others).

e Changes in scale of manufacturing for terminally sterilized drug
products that increase the bulk solution storage time by more than 50
percent beyondthe validated limits in the approved application
when bioburden limits are unchanged.

e. For drug substances, redefinition of an intermediate, excluding the
final intermediate, as a starting material.

Supplement - Changes Being Effected

a. A change in methodsor controls that provides increased assurance
that the drug substance or drug product will have the characteristics
of identity, strength, quality, purity, or potencythat it purports or is
represented to possess.

b. Forsterile drug products, elimination of in-processfiltration
performed as part of the manufacture of a terminallysterilized drug
product.

D. Minor Changes (Annual Report)

The following are examples of changes considered to have a minimal potential to have an
adverse effect on the identity, strength, quality, purity, or potency of a drug product as these
factors may relate to the safety or effectiveness of the drug product.

1, For drug products, changes to equipment of the same design and operating
principle and/or changes in scale except as otherwise provided forin this
guidance(e.g., section VII.C.1.c, VILD.7).

A minor change in an existing code imprint for a dosage form. For
example, changing from a numeric to alphanumeric code.

Addition of an ink code imprint or a change in the ink used in an existing
code imprint for a solid oral dosage form drug product whenthe ink ts
currently used on CDER-approved drug products.

Addition or deletion of a code imprint by embossing, debossing, or
engraving on a solid dosage form drug product other than a modified-
release dosage form.

A changein the order of addition of ingredients for solution dosage forms
or solutions used in unit operations (e.g., granulation solutions).
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6. Changes in scale of manufacturing for terminallysterilized drug products
that increase the bulk solution storage time by no more than 50 percent
beyondthe validated limits in the approved application when bioburden
limits are unchanged.

7. For natural protein drug products and natural protein drug substances:

e An increase or decrease in production scale during finishing steps that does
not involve an equipment change.

e Replacement of equipment with equipmentof the same design, operating
principle, and capacity with no changein production scale.

SPECIFICATIONS

A. General Considerations

All changesin specifications from those in the approved application must be submitted in a
prior approval supplement unless otherwise exempted by regulation or guidance
(§ 314.70(b)(2)@)). Specifications(i.e., tests, analytical procedures, and acceptance
criteria) are the quality standards provided in an approved application to confirm the
quality of drug substances, drug products, intermediates, raw materials, reagents,
components, in-process materials, container closure systems, and other materials used in
the production of a drug substance or drug product. For the purpose of defining
specifications, acceptance criteria are numerical limits, ranges, or other criteria for the
tests described. Examples of a test, an analytical procedure, and an acceptancecriterion
are, respectively, an assay, a specific, fully described high pressure liquid chromatography
(HPLC)procedure, and a range of 98.0—102.0 percent. The recommendationsin this
section also apply to specifications associated with sterility assurance that are included in
NDAand ANDAsubmissions."

A regulatory analytical procedureis the procedure in the approved application that is
designated for use in evaluating a defined characteristic of the drug substance or drug
product. Section 501(b) of the Act recognizes the analytical procedures in the U.S.
Pharmacopeia‘National formulary (USP/NF) as the regulatory analytical procedures for
compendial items. Tests and associated acceptance criteria and regulatory analytical
procedures in addition to those specified in the USP/NF may be required for approving
compendial items (section 505 of the Act).

The applicant may includein its application alternatives to the approved regulatory
analytical procedures for testing the drug substance and drug product. However, for
purposes of determining compliance with the Act, regulatory analytical procedures are
used.

‘8 See FDA guidance for industry on the Submission ofDocumentationfor Sterilization Process Validation in Applications
Jor Humanand Veterinary Drug Products (November 1994),
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In sections B through D below,the use of the term analyticalprocedure withouta qualifier
such as regulatory or alternative refers to an analytical procedure used to test materials
other than the drug substance or drug product.

B. Major Changes(Prior Approval Supplement)

The following are examples of changes in specifications considered to have a substantial
potential to have an adverse effect on the identity, strength, quality, purity, or potencyofa
drug product as these factors mayrelate to the safety or effectiveness of the drug product.

1. Relaxing an acceptancecriterion except as otherwise provided for in this
guidance(e.g., section VIILC.1.b, VII.C.1.e).

Deleting anypart of a specification except as otherwise provided forin this
guidance(e.g., section VIII_D.2).

Establishing a new regulatory analytical procedure including designation of
an alternative analytical procedure as a regulatory procedure.

A changein a regulatory analytical procedure that does not provide the
sameor increased assurance of the identity, strength, quality, purity, or
potency of the material being tested as the regulatory analytical procedure
described in the approved application.

A changein an analytical procedure used for testing components, packaging
components, the final intermediate, in-process materials after the final
intermediate, or starting materials introducedafter the final intermediate
that does not provide the same or increased assuranceofthe identity,
strength, quality, purity, or potency of the material being tested as the
analytical procedure described in the approved application except as
otherwise noted. For example, a change from an HPLC procedure that
distinguishes impurities to (1) an HPLC procedure that does not, (2) another
type of analytical procedure(e.g., titrimetric) that does not, or (3) an HPLC
procedurethat distinguishes impurities but the limit of detection and/orlimit
of quantitation is higher.

Relating to testing of raw materials for viruses or adventitious agents:'”
(1) relaxing an acceptancecriterion, (2) deleting a test, or (3) a change in
the analytical procedure that does not provide the same or increased
assuranceofthe identity, strength, quality, purity, or potency of the material
being tested as the analytical procedure described in the approved
application.

"” In this context, testing for adventitious agents is not considered to includetests that are foundin an official compendium (.g.,
USP <61>).
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C. Moderate Changes (Supplement - Changes Being Effected)

The following are examples of changes in specifications considered to have a moderate
potential to have an adverse effect on the identity, strength, quality, purity, or potency of a
drug product as these factors mayrelate to the safety or effectiveness of the drug product.

1, Supplement - Changes Being Effected in 30 Days

a. Anychange in a regulatory analytical procedure other than those
identified as major changesor editorial changes.

b. Relaxing an acceptancecriterion or deleting a test for raw materials
used in drug substance manufacturing, in-process materials prior to
the final intermediate, starting materials introduced prior to the final
drug substance intermediate, or drug substance intermediates
(excluding final intermediate) except as provided for in section
VIILB.6.

c. A changein an analytical procedure used for testing raw materials
used in drug substance manufacturing, in-process materials prior to
the intermediate, starting materials introduced priorto the final drug
substance intermediate, or drug substance intermediates (excluding
final intermediate) that does not provide the same or increased
assuranceofthe identity, strength, quality, purity, or potency of the
material being tested as the analytical procedure described in the
approved application except as provided for in section VIII.B.6.

d. Relaxing an in-process acceptancecriterion associated with
microbiological monitoring of the production environment,
materials, and components that are included in NDA and ANDA
submissions. For example, increasing the microbiological alert or
action limits for critical processing environments in an asepticfill
facility or increasing the acceptance limit for bioburden in bulk
solution intended forfiltration and aseptic filling.

e. Relaxing an acceptancecriterion or deleting a test to comply with an
official compendium that is consistent with FDA statutory and
regulatory requirements (§ 314.70(c)(2)(iii)).

2. Supplement - Changes Being Effected

a. An addition to a specification that provides increased assurance that
the drug substance or drug product will have the characteristics of
identity, strength, quality, purity, or potencythat it purportsoris
represented to possess. For example, adding a new test and
associated analytical procedure and acceptance criterion.
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and 21 CFR 314.70, it docs have bindingcffcct.

18

P. 22 UT Ex. 2050

SteadyMed v. United Therapeutics
IPR2016-00006

IPR2020-00769

United Therapeutics EX2006
Page 5541 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5542 of 7113

Contains Nonbinding Recommendations*

b. A changein an analytical procedure used for testing components,
packaging components,the final intermediate, in-process materials
after the final intermediate, or starting materials introduced after the
final intermediate that provides the same or increased assurance of
the identity, strength, quality, purity, or potencyof the material being
tested as the analytical procedure described in the approved
application.

D. Minor Changes (AnnualReport)

The following are examples of changesin specifications considered to have a minimal
potential to have an adverse effect on the identity, strength, quality, purity, or potency of a
drug product as these factors mayrelate to the safety or effectiveness of the drug product.

1, Any change in a specification made to comply with an official compendium,
except the changes described in section VIILC.1.e, that is consistent with
FDAstatutory and regulatory requirements (§ 314.70(d)(2)(i)).

2. For drug substance and drug product, the addition or revision of an
alternative analytical procedure that provides the same or increased
assurance of the identity, strength, quality, purity, or potency of the material
being tested as the analytical procedure described in the approved
application or deletion of an alternative analytical procedure.

3. Tightening of acceptancecriteria.

4, A change in an analytical procedure used for testing raw materials used in
drug substance synthesis, starting materials introduced prior to the final
drug substance intermediate, in-process materials prior to thefinal
intermediate, or drug substance intermediates (excluding final intermediate)
that provides the same or increased assurance of the identity, strength,
quality, purity, or potency of the material being tested as the analytical
procedure described in the approved application.

IX. CONTAINER CLOSURE SYSTEM

A. General Considerations

The potential for adverse effect on the identity, strength, quality, purity, or potency of a
drug product as these factors mayrelate to the safety or effectiveness of the drug product
when making a changeto or in the container closure system is generally dependent on the
route of administration of the drug product, performanceof the container closure system,
and the likelihood of interaction between the packaging component and the dosage form.In
some cases there may be a substantial potential for adverse effect, regardless of direct drug
product testing for conformance with the approved specification.
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A changeto or in a packaging componentwill often result in a new orrevised specification
for the packaging component. This situation does not have to be considered a multiple
related change. Only the reporting category for the packaging change needs to be
considered.

B. Major Changes(Prior Approval Supplement)

The following are examples of changes considered to have a substantial potential to have
an adverse effect on the identity, strength, quality, purity, or potency of a drug product as
these factors mayrelate to the safety or effectiveness of the drug product.

1. Forliquid (e.g., solution, suspension, elixir) and semisolid (e.g., creams,
ointments) dosage forms, a change to or in polymeric materials (e.g.,
plastic, rubber) of primary packaging components, when the composition of
the component as changed has never been used in a CDER-approved drug
product of the same dosage form and sameroute of administration. For
example, a polymeric material that has been used in a CDER-approved
topical ointment would not be considered CDER-approved for an
ophthalmic ointment.

Forliquid (e.g., solution, suspension, elixir) and semisolid (e.g., creams,
ointments) dosage forms in permeable or semipermeable container closure
systems, a change from an ink and/or adhesive used on the permeable or
semipermeable packaging componentto an ink or adhesive that has never
been used in a CDER-approved drug product of the same dosage form and
same route of administration and with the same type of permeable or
semipermeable packaging component(e.g., low density polyethylene,
polyvinyl chloride).

A change in the primary packaging components for any drug product when
the primary packaging components control”’ the dose delivered to the
patient (e.g., the valve or actuator of a metered-dose inhaler).

Forsterile drug products, any change that may affect drug productsterility
assurance, such as:*

A change from a glass ampule to a glass vial with an elastomeric closure.

2°container closure system that is considered to control the dose delivered to the patient is a container closure system whiere the
system itself, rather than a person, regulates the amount of drug product ultimately delivered to a patient. A container closure
system where a person controls the amount of drug product administered orthat allows verification that the appropriate amount
has been administcred (c.g., numberof tablets, milliliters of liquid) is not considered a container closure system that controls the
dose delivered to the patient.

>! Someofthese identified changes, depending on the circumstances, may have to be submitted as original NDAs or ANDAs
instead of as supplements. Applicants can consult the appropniate CDER chemistry division/office if there are questions.
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A changeto a flexible container system (bag) from another container
system.

A changeto a prefilled syringe dosage form from another container system.

A change from a single unit dose container to a multiple dose container
system.

Changesthat add or delete silicone treatments to container closure systems
(such as elastomeric closures or syringe barrels).

Changesin the size and/or shape of a containerfor a sterile drug product.

Deletion of a secondary packaging component intended to provide
additional protection to the drug product (e.g., carton to protect from light,
overwrap to limit transmission of moisture or gases) or a change in the
composition of, or the addition of, a secondary packaging componentthat
may affect the impurity profile of the drug product.

A changeto a new container closure system if the new container closure
system does not provide the sameorbetter protective properties than the
approved container closure system.

Moderate Changes (Supplement - Changes Being Effected)

The following are examples of changes considered to have a moderate potential to have an
adverse effect on the identity, strength, quality, purity, or potency of a drug product as these
factors may relate to the safety or effectiveness of the drug product.

Supplement - Changes Being Effected in 30 Days

a. A changeto or in a container closure system, except as otherwise
provided for in this guidance, that does not affect the quality of the
drug product.

b. Changesin the size or shape of a containerfor a sterile drug
substance.

c. A change in the numberofunits (e.g., tablets, capsules) or labeled
amount(e.g., grams, milliliters) of a nonsterile drug product in a
unit-of-use container.”

Supplement - Changes Being Effected

>A unit-of-use containeris one that contains a specific quantity of a drug product andis intended to be dispensedto the patient
without further modification except for the addition of appropniate labeling.
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a. A changein the size and/or shape of a container for a nonsterile
drug product, except for solid dosage forms(see section IX.D.2),
without a change from one container closure system to another
(§ 314.70(c)(6)(ii)).

b. A changein the labeled amount(e.g., grams, milliliters) of drug
product for a nonsterile drug product in a multiple-unit container,”
except for solid dosage forms (see section IX.D.3) .

C. A changein or addition or deletion of a desiccant.

D. Minor Changes (Annual Report)

The following are examples of changes considered to have a minimal potential to have an
adverse effect on the identity, strength, quality, purity, or potency of a drug product as these
factors may relate to the safety or effectiveness of the drug product.

1, A changein the container closure system for a nonsterile drug product,
based on a showing of equivalency to the approved system undera protocol
approvedin the application or published in an official compendium
(§ 314.70(d)(2)(v)).

A changein the size and/or shape of a container for a nonsterile solid
dosage form (§ 314.70(d)(2)(iv)).

A changein the numberofunits (e.g., tablets, capsules) or labeled amount
(e.g., grams) of nonsterile solid dosage form in a multiple-unit container.

The following changes in the container closure system ofsolid oral dosage
form drug products as long as the new package provides the same orbetter
protective properties(e.g., light, moisture) and any new primary packaging
component materials have been used in and been in contact with CDER-
approvedsolid oral dosage form drug products:”*

Adding or changing a child-resistant closure, changing from a metalto
plastic screw cap, or changing from a plastic to metal screw cap.

?3.4 multiple-unit container is a container that permits withdrawal of successive portions of the contents without changing the
strength, quality, or purity of the remaining portion. This type of container is not distributed directlyto patients but is used by
health care practitioners who dispense the drug product in smaller amounts to a patient in accordance with a physician's
instructions.

>! For sections [X.D.4 to IX.D.7, changesin the container closure system that result in drug product contact with a component
material that has never been used in any CDER-approved dmg product of the same type should be submitted as a changes-being-
effected-in-30-days supplement (section [X.C.1) or pnor approval supplement(section [X.B. 1).
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© Changing from oneplastic container to another of the sametype ofplastic
(e.g., high density polyethylene (HDPE) container to another HDPE
container).

e Changes in packaging materials used to control odor(e.g., charcoal
packets).

e Changesin bottle filler (e.g., change in weight of cotton or amount used)
without changesin the type offiller (e.g., cotton to rayon).

e Increasing the wall thickness of the container.

e Achange in or addition of a cap liner.

e A changein or addition of a seal (e.g., heat induction seal).

e A changein an antioxidant, colorant, stabilizer, or mold releasing agent for
production of the container and/or closure to one that is used at similar
levels in the packaging of CDER-approved solid oral dosage form drug
products.

e A change to a new container closure system when the container closure
system 1s already approved in the NDA or ANDAfor other strengths of the
drug product.

5. The following changesin the container closure system of nonsterile liquid
drug products as long as the new package provides the same or better
protective properties and any new primary packaging component materials
have been used in and been in contact with CDER-approved liquid drug
products with the same route of administration (i.e., the material in contact
with a liquid topical should already have been used with other CDER-
approved liquid topical drug products):

e Adding or changing a child-resistant closure, changing from a metal to
plastic screw cap, or changing fromaplastic to metal screw cap.

e Increasing the wall thickness of the container.

e Acchangein or addition of a cap liner.

e A changein or addition of a seal (e.g., heat induction seal).

6. A change in the container closure system of unit dose packaging (e.g.,
blister packs) for nonsterile solid dosage form drug products as long as the
new package provides the sameor better protective properties and any new
primary packaging component materials have been used in and been in
contact with CDER-approved drug products of the sametype(e.g., solid
oral dosage form, rectal suppository).

7. The following changesin the container closure system of nonsterile
semisolid drug products as long as the new package provides the same or
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better protective properties and any new primary packaging component
materials have been used in and been in contact with CDER-approved
semisolid drug products:

e Changes in the closure orcap.

e Increasing the wall thickness of the container.

e A change in or addition of a cap liner.

e A change in or addition ofa seal.

« A change in the crimp sealant.

8. A changein theflip seal cap color as long as the cap color is consistent
with any established color coding system for that class of drug products.

X. LABELING

A. General Considerations

A drug product labeling change includes changes in the packageinsert, package labeling,
or container label. In accordance with § 314.70(a)(4), an applicant must promptly revise
all promotional labeling and drug advertising to make it consistent with any labeling

change implemented in accordance with paragraphs(b)or (c) of § 314.70. All labeling
changes for ANDA drug products must be consistent with section 505(j) of the Act.

B. Major Changes(Prior Approval Supplement)

Any proposed changein the labeling, except changes designated as moderate or minor by
regulation or guidance, must be submitted as a prior approval supplement

(§ 314.70(b)(2)(v)(A)). If applicable, any change to a Medication Guide required under
21 CFR part 208, except for changesin the information specified in § 208.20(b)(8)(iii) and
(b)(8)(iv), must be submitted in a prior approval supplement (§ 314.70(b)(v)(B)). The
following list contains some examples of changes currently considered by CDERtofall
into this reporting category.

1. Changes based on postmarketing study results, including, but not limitedto,
labeling changes associated with new indications and usage.

2. Changein, or addition of, pharmacoeconomic claims based on clinical
studies.

3. Changesto the clinical pharmacologyor the clinical study section reflecting
new or modified data.

4. Changesbased on data from preclinical studies.
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5. Revision (expansion or contraction) of population based on data.

6. Claims of superiority to another drug product.

7. Changein the labeled storage conditions, unless exempted by regulation or
guidance.

Cc, Moderate Changes (Supplement - Changes Being Effected)

Under § 314.70(c)(6)(iii), a changes-being-effected supplement must be submitted for any
labeling change that (1) adds or strengthens a contraindication, warning, precaution, or
adverse reaction, (2) adds or strengthens a statement about drug abuse, dependence,

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
and 21 CFR 314.70, it docs have bindingcffcct.

P. 29 UT Ex. 2050

SteadyMed v. United Therapeutics
IPR2016-00006

IPR2020-00769

United Therapeutics EX2006
Page 5548 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5549 of 7113

Contains Nonbinding Recommendations*

psychological effect, or overdosage, (3) adds or strengthens an instruction about dosage
and administration that is intended to increase the safe use of the dmg product, (4) deletes
false, misleading, or unsupported indications for use or claims for effectiveness, or
(5) normally requires a supplement submission and approvalprior to distribution of the
drug product that FDA specifically requests be submitted under this provision. A changes-

being-effected supplement that provides for a labeling change under §§ 314.70(c)(6)(iii)
must include 12 copiesof final printed labeling (§ 314.70(c)(1)). The followinglist
includes some examples of changes currently considered by CDERtofall into this
reporting category.

1. Addition of an adverse event due to information reported to the applicant or
Agency.

2. Addition of a precaution arising out of a postmarketing study.

3. Clarification of the administration statement to ensure proper administration
of the drug product.

D. Minor Changes (Annual Report)

Labeling with editorial or similar minor changes or with a changein the information
conceming the description of the drug product or information about how the drugis
supplied that does not involve a change in the dosage strength or dosage form should be
described in an annual report (§ 314.70(d)(2)(ix) and (d)((2)(x)). The followinglist
includes some examples currently considered by CDERtofall into this reporting category.

1. Changesin the layout of the package or container label that are consistent
with FDA regulations (e.g., 21 CFR part 201) without a change in the
content of the labeling.

2. Editorial changes, such as adding a distributor's name.

3. Foreign language versionsof the labeling if no change is madeto the content
of the approved labeling and a certified translation is included.

4. Labeling changes made to comply with an official compendium.

XL=MISCELLANEOUS CHANGES

A. Major Changes (Prior Approval Supplement)

The following are examples of changes considered to have a substantial potential to have
an adverse effect on the identity, strength, quality, purity, or potency of a drug product as
these factors may relate to the safety or effectiveness of the drug product.
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1, Changes requiring completion of studies in accordance with 21 CFR part
320 to demonstrate equivalence of the drug productto the drug product as
manufactured without the changeorto the reference listed drug
(§ 314.70(b)(2)(i1)).

2. Addition of a stability protocol or comparability protocol.

3. Changesto an approved stability protocol or comparability protocol unless
otherwise provided for in this guidance(e.g., VIILC, VII.D, XLC.2).

4, An extension of an expiration dating period based on (1) data obtained
under a new orrevised stability testing protocol that has not been approved
in the application or (2) full shelf life data on pilot scale batches using an
approved protocol.

5. Changes to a drug product under an application that is subject to a validity
assessment because ofsignificant questions regarding the integrity ofthe

data supporting that application (§ 314.70(b)(2)(vii1)).

B. Moderate Changes (Supplement - Changes Being Effected)

The following are examples of changes considered to have a moderate potential to have an
adverse effect on the identity, strength, quality, purity, or potency of a drug product as these
factors mayrelate to the safety or effectiveness of the drug product.

i, Supplement - Changes Being Hffected in 30 Days

Reduction of an expiration dating period to provide increased assurance of
the identity, strength, quality, purity, or potency of the drug product.
Extension of an expiration date that has previously been reduced underthis
provision should be submitted in a changes-being-effected-in-30-days
supplement even if the extension is based on data obtained under a protocol
approved in the application.

2. Supplement - Changes Being Effected

No changes have been identified.

C. Minor Changes (Annual Report)

The following are examples of changes considered to have a minimal potential to have an
adverse effect on the identity, strength, quality, purity, or potency of a drug product as these
factors may relate to the safety or effectiveness of the drug product.

1, An extension of an expiration dating period based on full shelf life data on
production batches obtained under a protocol approved in the application
(§ 314.70(d)(2)(vi)).
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2. Addition of time points to the stability protocol or deletion of time points
beyond the approved expiration dating period.

3. A change from previously approved stability storage conditions to storage
conditions recommended in International Conference on Harmonisation

(ICH) guidances.

4. Non-USPreference standards:

¢ Replacement of an in-house reference standard or reference panel (or panel
member) according to procedures in an approved application.

e Tightening of acceptancecriteria for existing reference standards to provide
greater assurance of drug product purity and potency.

XIL =MULTIPLE RELATED CHANGES

Multiple related changes involve various combinations of individual changes. For example, a site
change may also involve equipment and manufacturing process changes or a components and
composition change may necessitate a change in a specification. For multiple related changes
where the recommendedreporting categories for the individual changes differ, CDER recommends
that the submission be in accordance with the mostrestrictive of the categories recommended for
the individual changes. When the multiple related changesall have the same recommended
reporting category, CDER recommendsthat the submission be in accordance with the reporting
category for the individual changes.
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ATTACHMENT A: MANUFACTURINGSITES

All owners or operators ofall drug establishments (not exempt by regulation) that engage in the
manufacture, preparation, propagation, compounding, or processing of a drug or drugs are required
to register with the FDA (21 CFR 207.20). An establishment meansa place of business under one
managementat one general physical location (§ 207.3(a)(7)). A general physical locationis
reasonably construed to include separate buildings within the samecity ifthe activities in the
buildings are closely related to the same business enterprise, are under the supervision of the same
local management, andare all inspected at the same time (ORA Field ManagementDirective No.
132).

For the purposes of determining the reporting category for moves between buildings, the terms
same manufacturing site and different manufacturing site mean:

Domestic Establishments

Same manufacturing site:

e The new and old buildings are included under the same drug establishment
registration number”

and

e The same FDA district office is responsible for inspecting the operations in both
the new and old buildings.

Different manufacturing site:

e The new and old buildings have different drug establishment registration numbers

or

e Different FDA district offices are responsible for inspecting operations in the new
and old buildings.

For domestic establishments, the terms same manufacturing site and different manufacturing sile
supersede the terms contiguous campus, same campus, and different campus as used in the
SUPACguidances.

Foreign Establishments

>’ The registration numberis the numberassigned to the establishmentas part ofthe registration process (¢.g., ORA Field
Management Directive No.92).

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
and 21 CFR 314.70, it docs have bindingcffcct.

29

P. 33 UT Ex. 2050

SteadyMed v. United Therapeutics
IPR2016-00006

IPR2020-00769

United Therapeutics EX2006
Page 5552 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5553 of 7113

Contains Nonbinding Recommendations*

Foreign establishments are not currently required to register with the FDA. On May 14, 1999,
FDA published a proposed rule to require registration of foreign establishments (64 FR 26330).
Until registration of foreign establishments is required, same and different manufacturing sites
mean:

Same manufacturing site:

e A contiguous or unbrokensite or a set of buildings in adjacent city blocks.

Different manufacturing site:

e The new and old buildings are not on a contiguoussite or not in adjacentcity
blocks.

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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ATTACHMENTB: TYPE OF OPERATION AND CGMP INSPECTIONS

Section VI states that a changeto a different manufacturing site should be submitted in a prior
approval supplement when (1) the new manufacturing site has never been inspected by FDA for
the type of operation being moved, (2) the moveresults in a restart at the new manufacturing site of
a type of operation that has been discontinued for more than two years, or (3) the new
manufacturing site does not have a satisfactory current good manufacturing practice (CGMP)
inspection for the type of operation being moved.

Aprofile class system1s used by FDAtoassist in (1) managing the CGMP inspection process, (2)
evaluating the findings and the compliance follow-up needed, and (3) communicating the results of
inspections. A profile class can relate to the manufacture of a particular dosage form (e.g., large
volume parenterals, oral liquids), type of drug substance (e.g., sterile bulk by chemical synthesis),
or specific function performedat a site (e.g., control testing laboratory). There are profile class
codes for major categories of drug substance processes, dosage forms, and manufacturing functions
(see table below). However, the system is not comprehensiveforall operations performed in the
pharmaceutical industry (see not elsewhere classified (NEC) profile class code).

The term pe ofoperationrefers to the specialized or even unique conditions and practices that
are employed to manufacture a class or category of drug substance or drug product or to perform a
limited segment of the manufacturing process. These conditions and practices exist and are
performed within the framework of CGMPs, along with general conditions and practices that
contribute to the manufacture of all drug products at a given manufacturing site. The conditions
and practices, both general and specific, are inspected to evaluate the CGMP acceptability of a
manufacturing site. A wide variety of classes or categories of drug substances and drug products
may be produced at a manufacturing site, or the manufacturing site may only producea single class
of drug substance and/or drug product or perform a limited segment of a manufacturing process.
Each type of operation is represented by a profile class code.

Generally, a satisfactory CGMP status for a profile class code is used to communicate a
satisfactory CGMPclearanceforall of the products and for all of the operations included within
the category that code represents. Thusthe profile class code for a particular dosage form or type
of drug substance is used to communicate the CGMP status for all aspects of manufacturing,
processing, packing, or holding that are performedat the specific manufacturingsite relating to that
particular dosage form ortype ofdrug substance, including packaging and labeling operations,
testing, and quality control. The profile class code for a particular dosage form or type of drug
substanceis also used to communicate the CGMP status for manufacturingsites that produce in-
process material (e.g., controlled-release beads), package drug products, or label drug products,
even if these are stand-alone (e.g., contractor) operations.

A few profile class codes that describe certain types of operations (see items in boldface in table)
are provided to report the CGMP status for contractor firms whose only function in the
manufacturing process is to perform this operation. If one of these operations (e.g., steam
sterilization process) is performed at the manufacturing site involved in producing the drug
product/drug substance, the CGMP status for that operation is reported as part of the profile class
code for the particular dosage form or type of drug substance. For example, a manufacturingsite

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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producing a terminally sterilized small volume parenteral drug product would be reported with the
profile class code for the dosage form (SVT), not by the profile code for thesterilization process
(SSP).

Certain inspections may be required by program priorities even if the rating for a profile class
code indicates an acceptable CGMP status. The current profile codes/classes for human drugs
are:

 

Aerosol dispensed medication NEC|Not elsewhere classified (whenusing this class, specific
drug products are noted)

 

 

 

 

 

 

    

CBI

CEX|Plant/animal extraction crude dmg

CFS Sterile bulk by fermentation crude drug

CFN|Nonsterile bulk by fermentation crude drug

CHG

CRU|Cnuide bulk drugs-nonsynthesized Soap

CSG|Capsules, soft gelatin Steam sterilization process

CSN|Nonsterile bulk by chemical synthesis Suppositories

CSP

CSS Sterile bulk by chemical synthesis

CTL|Control testing laboratories

CTR

GAS|Medical gas (includes hquid oxygen and other) Tablets, delayed-release

GSP Gassterilization process Transdermal patches

HSP Dryheatsterilization process Fractional (tyndallization) sterilization process

LIQ Liquid (includes solutions, suspension, elixirs, and
tinctures)

LF

CGMP inspectional status, based on the profile class, is available through FDA's Freedom of
Information (FOI) Office. (See Glossary under Satisfactory Current Good Manufacturing Practice
(CGMP)Inspection for more information regarding FOI requests.)

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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Examples of postapproval manufacturing site changes and recommendedreporting categories:

e An applicant wants to move the manufacture of an immediate-release tablet (TCM)to a
different manufacturingsite that currently manufactures, and has satisfactory CGMP statusfor,
capsules (CHG) and powdersfor oral solution (POW). This manufacturing site change should
be submitted in a prior approval supplement because the new manufacturing site does not have
a satisfactory CGMP inspection for immediate-release tablets.

e An applicant wants to contract out packaging operations for immediate-release tablets (TCM)
and capsules (CHG) and modified-release capsules (CTR). The potential contract packager
has a satisfactory CGMP status for immediate-release and modified-release capsules but has
never packaged immediate-release tablets. The packaging site change for the immediate-
release tablet drug products should be submitted in a prior approval supplement. The
packaging site change for the capsule drug products should be submitted as recommended in
section VI of this guidance for packaging sites with a satisfactory CGMP inspection.

e An applicant wishes to consolidate product testing to a single analytical laboratory at a
manufacturing site. This manufacturing site produces various solid oral dosage form drug
products, has an operational analytical laboratory currently at the site, and satisfactory CGMP
inspections for the manufacturing occurringat the facility. Some ofthe drug products that will
be tested at the analytical laboratory when the consolidation occurs are not solid oral dosage
form products. Unlike most other production operations, testing laboratories (and other
operations in boldface in the table) are not inspected on a dosage form/type of drug substance
specific basis. The satisfactory CGMP inspection of the analytical laboratory, which was
performed as part of the CGMP inspection for manufacture ofthe solid oral dosage form drug
products, is considered to apply to all dosage forms, including those not actually produced at
the site. The consolidation can be submitted in a changes-being-effected-in-30-days
supplement if the changeis consistent with the recommendationsin section VLC.1.d.

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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ATTACHMENTC: CDER-APPROVED DRUG PRODUCTS

In several places throughout the guidance, different reporting categories are proposed for changes
to or the addition of certain components based on whether the component/material has been used in
and has been in contact with CDER-approved drug products. Different reporting categories are
recommended once CDER has reviewed certain components/materials in association with a drug
product approval because similar subsequent changes then have a reduced potential to have an
adverse effect on the identity, strength, quality, purity, or potency of a drug product as these factors
may relate to the safety or effectiveness of the drug product. For example, certain changes in the
container closure systems of solid oral dosage form drug products maybe included in an annual
report as long as the new package provides the sameor better protective properties and any new
primary packaging component materials have been used in and been in contact with CDER-
approvedsolid oral dosage form drug products (see section 1X.D.4). If the new primary
packaging component material has not been used in or has not been in contact with CDER-
approvedsolid oral dosage form drug products, then submission of the change in an annual report
is not recommended.

CDER-approved drug products are considered those drug products subject to an approved NDA
or ANDA. Some information on which components/materials are used in CDER-approved
products is available from the Agency (e.g., FDA, CDER, Jnactive Ingredient Guide, 1996,
Division of Drug Information Resources). When information is not available, an applicant should
use reliable sources of information to determine that the component or material has been used in
and has been in contact with a CDER-approved drug product of the same dosage form and route of
administration, as appropriate. The applicant should identify in the supplement or annual report
the basis for the conclusion that the component or material is used in a CDER-approved drug
product.

If an applicant cannot confirm that a component or material has been used in and has been in
contact with a CDER-approved drug product of the same dosage form and route of administration,
the applicant has the option of submitting the change for a single NDA or ANDAusing the higher
recommended reporting category and, after approval, submitting similar changes for other NDAs
and ANDAsusing the lower recommendedreporting category.

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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GLOSSARY

Acceptance Criteria: Numerical limits, ranges, or other criteria for the tests described (21 CFR
314.3(b)).

Active Ingredient/Drug Substance: Any component that is intended to furnish pharmacological
activity or other direct effect in the diagnosis, cure, mitigation, treatment, or prevention of a
disease, or to affect the structure or any function of the human body, but does not include
intermediates used in the synthesis of such ingredient. The term includes those components that
may undergo chemical change in the manufacture of the drug product and are present in the drug
product in a modified form intended to furnish the specified activity or effect (21 CFR 210.3(b)(7)
and 314.3(b)).

Assess the Effects of the Change: To evaluate the effects of a manufacturing change on the
identity, strength, quality, purity, and potency of a drug product as these factors may relate to the
safety or effectiveness of the drug product (21 CFR 314.3(b)).

Container Closure System: The sum of packaging components that together contain and protect
the dosage form. This includes primary packaging components and secondarypackaging
components if the latter are intended to provide additional protection to the drug product.

Component: Anyingredient intended for use in the manufacture of a drug product, including those
that may not appear in such drug product (21 CFR 210.3(6)3)).

Drug Product: A finished dosage form, for example, tablet, capsule, or solution, that contains an
active ingredient generally, but not necessarily, in association with inactive ingredients (21 CFR
210.3(b)(4)).

Final Intermediate: The last compound synthesized before the reaction that produces the drug
substance. Thefinal step forming the drug substance involves covalent bond formation or
breakage; ionic bond formation(1.e., making the salt of a compound) doesnot qualify.
Consequently, when the drug substanceis a salt, the precursors to the organic acid or base, rather
than the acid or baseitself, should be considered the final intermediate.

Inactive Ingredient: Any intended componentof the drug product other than an active ingredient.

In-process Material: Any material fabricated, compounded, blended, or derived by chemical
reaction that is produced for, and used in, the preparation of the drug product (21 CFR
210.3(b(9)). For drug substance, in-process materials are considered those materials that are
undergoing change(e.g., molecular, physical).

Intermediate: A material that is produced during steps of the synthesis of a drug substance and
undergoes further molecular change before it becomes a drug substance.

* Insofar as this guidance adjusts reporting categories pursuantto section 506Aof the Federal Food, Drug, and Cosmetic Act
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Package: The container closure system and labeling, associated components (e.g., dosing cups,
droppers, spoons), and external packaging(e.g., cartons, shrink wrap).

Packaging Component: Anysingle part of a container closure system.

Primary Packaging Component: A packaging componentthat is or maybe in direct contact with
the dosage form.

Reference Listed Drug: Thelisted drug identified by FDA as the drug product on which an
applicant relies in seeking approval of its abbreviated application (21 CFR 314.3(b)).

Satisfactory Current Good Manufacturing Practice (CGMP) Inspection: A satisfactory
CGMP inspection is an FDA inspection during which (1) no objectionable conditions or practices
were found (No Action Indicated (NAI)) or (2) objectionable conditions were found, but voluntary
corrective action is left to the firm and the objectionable conditions will not be the subject of
further administrative or regulatory actions (Voluntary Action Indicated (VAD).

Information about the CGMP status of a firm maybe obtained by requesting a copy of the Quality
Assurance Profile (QAP) from the FDA's Freedom of Information (FOD Office. The QAP
contains information on the CGMP compliancestatus of firms that manufacture, package, assemble,
repack,relabel, or test human drugs, devices, biologics, and veterinary drugs. All FOI requests
must be in writing (21 CFR 20.40(a)) and should be prepared following the instructions found in
the reference entitled A Handbookfor Requesting Information andRecordsfrom FDA, An
electronic version ofthis reference is available on the Internetat

http://www.fda.gov/opacom/backgrounders/foiahand.html.

Secondary Packaging Component: A packaging componentthat 1s not and will not be in direct
contact with the dosage form.

Specification: The quality standard (1.e., tests, analytical procedures, and acceptancecriteria)
provided in an approved application to confirm the quality of drug substances, drug products,
intermediates, raw materials, reagents, components, in-process materials, container closure
systems, and other materials used in the production of a drug substance or drug product (21 CFR
314.3(b)).
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 (Winkler Exhibit 1, Curriculum

Vitae of Jeffrey David Winkler,

  [SteadyMed-Exhibit 1010], marked

for identification, this date.)

(Winkler Exhibit 2, 

Declaration of Jeffrey D. Winkler

in Support of Petition for Inter

Partes Review of Claims 1-22 of

U.S. Patent No. 8,497,393,

[SteadyMed-Exhibit 1009], marked 

for identification, this date.)

(Winkler Exhibit 3, Copy of 

U.S. Patent No. 8,497,393,

 [SteadyMed-Exhibit 1001], marked

for identification, this date.)
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media unit number 1 in the video
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petitioner, versus United

Therapeutics Corporation, patent
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This deposition is being held

at DLA Piper LLP, 1251 Avenue of
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the Americas, New York, New York on

June 14, 2016, at approximately

9:33 a.m.

My name is Jose Rivera from

the firm of David Feldman Worldwide

and I am the legal video
q

specialist. [The court reporter is
  

Jennifer Ocampo-Guzman in

association with David Feldman

Worldwide, located at 450 Seventh

Avenue, New York, New York.

For the record, will counsels

please introduce themselves.
 

   MR. DELAFIELD: Bobby

Delafield of Wilson Sonsini

Goodrich & Rosati representing

patent owner, United Therapeutics

Corporation.
 

MR. MAI  E
BIUS: Stephen Maebius,

 
Foley & Lardner, representing

patent owner, United Therapeutics

Corporation.

MR. SNADER: Shaun Snader,

 
United Therapeutics, Washington,
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DC,

Therapeutics.

Pollack from DLA Piper LLP (US) on

behalf of Professor Winkler and on

behalf of SteadyMed Limited.

 
the court reporter please swear in

the witness.

for patent owner, United

MR. POLLACK: Stuart E. 

 
 THE VIDEOGRAPHER: Now will  

 

 
 J EE

called as a witness, having been duly

sworn,

follows:

was examined and testified as

EXAMINATION BY

REY D. WINKL ir] R,

   MR. DELAFIELD:  
QO.

A.

Q.

spell your full name for the record?

Good morning, Dr. Winkler.

Good morning.

Could you please state and

 
  
 

A. Jeffrey David Winkler,

J-E-E R-E-Y, D-A-V-I-D, W-I-N-K-L-E-R.

QO. Have you been deposed before?

A. Yes, I have.

Q. About how many times?
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Winkler

A. About ten or 12 times.

QO. Okay. Well, you probably know

all the ground rules, but I just want to

go over a few just to refresh your

memory. I'll be asking a series of

questions and you need to provide an

answer, unless your counsel instructs you

not to do so.

 Because this is being

recorded, the answers need to be in
 

verbal form, and so no head shakes or

nods, because it won't be recorded by the

stenographer.

You are reminded your

testimony is under oath, so your answers

need to be truthful and full to the best

of your knowledge.

I might ask a confusing

question, and if so, feel free to ask me

to clarify, if you have any issues with

my question.

Also, the stenographer has to

record everything we say, so I'm asking

1f you could not speak over me or vice
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Winkler

versa, so that she can record both of

what we're saying.

Also, if you need a break at

any time, feel free to just tell me, and

we can take a break, as long as a

question isn't pending.

Is there any reason you can

think of why you will not be able to

answer my questions today fully and

accurately?

A. No.

Q. Are you taking any medication

or drugs of any kind that might make it

difficult for you to understand and

answer my questions?

A. No.

Q. Okay. So you've provided a

declaration regarding the '393 patent in

this case; is that correct?

 
A. Yes, it is.

Q. So I want to go ahead and hand

you three exhibits.

(Discussion off the record.)

MR. POLLACK: Thank you.
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Q.

can you tell me what that exhibit is?

A.

vitae.

Q.

copy of your CV?

A.

Q.

educational background?

A. So I was an undergraduate at

Harvard College. I graduated with honors

in 1977, and I then pursued graduate

studies at Columbia University, under the

10

Winkler

 So if you turn to Exhibit 1,

 
 Exhibit 1 is my curriculum

Is that a true and accurate

Yes, it is.

Can you briefly summarize your direction of the Professor Gilbert Stork,

where I received an MA and MPhil and

finally a Ph.D. degree in 1981. I stayed

at Columbia as an American Cancer Society

post-doctoral fellow in the laboratory of

 Professor Ronald Breslow from 1982 to

1983.

And that was the end of my

formal education.

Q. Okay. So looking at page 1 of

your CV, it lists your professional
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Winkler

experience. Is that a complete listing

of your professional experience since

getting your Ph.D.?

A. Yes, it is.

QO. So you've never worked as a

chemist outside of academia; is that

 correct?

A. Well, actually I spent a year

 
long sabbatical at Bristol-Myers Squibb 
in Lawrenceville, New Jersey, in about
 

2000 or 2001. And I've consulted with a

number of pharmaceutical and chemical

companies over the course of my career.

Q. Okay. But other than the

sabbatical, you've never been employed
 

 
full time at a chemical company apart

from your job as a --
 

MR. DELAFIELD: Strike that.  
 

Q. Apart from the year long

sabbatical, your full-time employment has

been with universities; is that correct?  
MR. POLLACK: Objection to

form.

You can answer.
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A. Well, as I stated, my -- I've

been involved with companies over the

course of my career full time, only

 during that year at BMS.

 
Q. And what did you do during

that year at BMS?

MR. POLLACK: I'm just, don't

reveal any confidential information 
 that belongs to BMS, but if it's

not confidential, you can reveal

that now.

A. So during the year at BMS, I 

was part of I think two different

 
research teams investigating various

aspects of drug development, and then I

  also taught a course to BMS scientists

that was ongoing throughout the course of

the year.

Q. Have you ever formulated a

drug product?

MR. POLLACK: Objection,

objection to form, vague.

A. I'm sorry. What do you mean

by "formulated a drug product"?
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Q. Have you ever worked in a lab

for a pharmaceutical company to make a

drug product?

A. Well, I guess I would say that

in my time during the sabbatical year, I

was working with two teams on the

development of drug products.

Q. Have you ever synthesized a

drug substance?

A. I'm sorry, I don't understand

what you mean by that.

Q. Well, have you ever personally

or directed others to actually synthesize

a drug substance that was used in a

commercially available drug product?

A. Yes, I have.

Q. And what was that?

A. For a while, in the 1990s, my

laboratory was involved in the synthesis

of Ritalin, of -- of 30, P-H-R-E-0O, 
Phenidate, P-H-E-N-I-D-A-T-E, which is
 

 

the API in Ritalin, R-I-T-A-L-I-N.

Q. And so was that API actually

used in a commercial product?
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MR. POLLACK: Objection to

form.

You can answer.

A. I don't know the answer to

that question.

Q. Have you ever submitted a

filing to the FDA regarding any drug

product or drug substance?

A. No, I have not.

Q. Have you ever corresponded

with the FDA at all about any drug?

A. No, I have not.

Q. Have you ever developed a

protocol for evaluating the impurity

profile of a drug?

A. Well, my laboratory is 
routinely involved in the purification

and the assay of the substances that we

 
create in our laboratory.

Q. Sorry. Maybe you

misunderstood my question.

Have you ever developed an

impurity profile for a drug product?

MR. POLLACK: Objection to
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form.

A. I'm afraid I don't understand

your question.

Q. Well, you understand that to

have a drug substance or a drug product

you must submit an impurity profile to

the FDA. Do you understand that?

A. I have never submitted a drug

impurity profile to the FDA.

Q. Okay. Have you ever developed

the impurity profile for someone else to

 submit to the FDA?

A. Not that I can think of

sitting here now.

Q. Do you have any experience

synthesizing prostaglandins?

A. I have certainly studied the 
synthesis of prostaglandins and taught

the synthesis of prostaglandins.

Q. And you have or people working

for you ever synthesized prostaglandins?

A. My laboratory has worked on

the development of the methodology,  
synthetic methodology that could be
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applicable to the synthesis of

prostaglandins.

 Q. But you or your lab haven't

actually synthesized prostaglandins; is

that correct?

A. Sitting here I can't think of

 
an example where we have synthesized

prostaglandins.

Q. Do you have any experience

manufacturing --

A. Excuse me. Although, I should 

add that my laboratory has synthesized

compounds that are certainly related to

the prostaglandins.

Q. Okay. Do you have any prior

experience synthesizing or analyzing

treprostinil or any of its derivatives?

Prior to this case?

MR. POLLACK: Objection to

form, compound. 
A. Prior to this case, I have not

had -- I'm sorry, could you repeat the

question, please?

Q. Prior to this case, did you

16
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have any experience synthesizing or

analyzing treprostinil?
 

A. Prior to this case, I have not   
had experience with treprostinil,

specifically.

Q. Do you have any experience

scaling up drug substances from lab scale

to industrial scale?

A. In my role as a consultant in

the pharmaceutical industry, I certainly

have had experience with the scale up of

reactions in the pharmaceutical industry.

Q. When you say you have

experience with reactions, what do you

mean by that?

 
A. Excuse me. In saying that I

have experience with scale up, that means

that as part of my association with

pharmaceutical companies, I've had the

 
opportunity to consult on and discuss

with pharmaceutical scientists and advise

pharmaceutical scientists on large scale

reactions.

Q. Have you or your lab performed
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any large scale reactions?

A. I'm afraid I don't understand

exactly what you mean by "large scale

 reactions."

Q. Well, you just mentioned that

you had advised and mentioned the term

"large scale reactions," and so I guess

to put a number on it, have you or your

lab performed any syntheses on a kilogram

scale?

A. I would have to go back to the

lab notebooks in my research group to

know whether we had done reactions on

that scale.

So sitting here, I can't

really answer that.
  

 Q. But sitting here today, you

 
can't remember anything specific on that

scale, or larger; is that correct?

MR. POLLACK: Objection to

form.

A. I can't remember having done

reactions on kilogram scale, but I

certainly can't remember not having done

 

DAVID FELDMAN WORLDWIDE,INC.
450 Seventh Avenue- Ste 500, New York, NY 10123 1.800.642.1099

P. 18 UT Ex. 2051

SteadyMed v. United Therapeutics
IPR2016-00006

 
IPR2020-00769

United Therapeutics EX2006
Page 5577 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5578 of 7113

~J

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25

 

 
19

Winkler

them on kilogram scale.

QO. Are you familiar with the FDA

guidelines regarding impurity profiles

for a drug?

A. No, I am not.

Q. Do you know what is required

in order to change a drug specification

with the FDA?

A. No, I do not.

Q. Are you familiar with

published guidances from the FDA

regarding changes to new drug

applications or abbreviated new drug  
applications?

A. I'm sorry, could you repeat

the question?

Q. Are you familiar with

published guidances from the FDA

regarding changes to new drug

applications or abbreviated new drug

 
applications?

A. No, I am not familiar with

that.

Q. You had mentioned you had been
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deposed several times. Do you recall how

many patent litigations you've worked on?

A. I don't remember exactly, no.

Q. So let's look at Exhibit 3, 

which is the '393 patent. Do you

recognize this document?

A. Yes, I do.

Q. And this is the '393 patent

 
that is at issue in this case, correct?

 
A. That's my understanding, yes.

QO. Tf you could turn to column

2 -- actually, column 3, I'm sorry.

And do you see in column 3

structure Roman numeral (IV)?

A. Yes, I do.

QO. Do you recognize that

structure?

A. I do, yes.

Q. And what is that structure?

A. That is the chemical structure

of treprostinil.

 
QO. Would you agree that

treprostinil has five chiral centers?

A. Yes, I would, five chiral
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centers or 5 stereo centers, yes.

Q. So if a molecule has five
 

chiral centers, that means that it has 32

    

possible stereoisomers; is that right?

A. Two to the five, that's

correct.

Q. Is it fair to say that

treprostinil is a complex molecule?

MR. POLLACK: Objection to

form.

A. I think that's a difficult

question for me, because the question

would be, complex relative to what?

Q. Well, just your experience as 
a chemist, would you consider

treprostinil to be complex compared to

other chemicals that you've since

synthesized?

MR. POLLACK: Objection to

form.

A. We've synthesized compounds in

my laboratory that are much more complex

than treprostinil, and we've synthesized

some molecules that are less complex than
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treprostinil.

Q. You've reviewed the synthesis

for treprostinil for the '393 patent,

correct?

A. Yes, I have.

Q. And you've reviewed some of

the prior art that had other syntheses

for treprostinil; is that right?

A. Yes, I have.

Q. And the total synthesis is, I

 
believe, roughly 20 steps, depending on

which synthesis, but it's a multi-step

process; is that correct?

MR. POLLACK: Objection to

form.

A. I'm sorry, I don't understand

the question.

Q. You would agree that the

synthesis for treprostinil is

approximately 20 steps?

A. I actually haven't counted the

number of steps in the synthesis.

Q. Would you consider the

synthesis of treprostinil to be complex?
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MR. POLLACK: Objection to

form.

A. Again, the problem that I

would have in answering that question is:
n

Complex to relative to what? There are

 
things that are much more complex than

 
treprostinil, and there are things that  
are decidedly less complex. 

Q. Well, would you expect, let's

say, undergraduate students to be

 
synthesizing treprostinil or structures

similar to treprostinil in their lab?

A. That's a very difficult

question for me to answer, because it

 
would depend on the level and skill of

the undergraduate student.

Q. Well, just as a matter of

course, within the courses you teach, for

example, are you aware of any syntheses

that are multiple steps that have --
  MR. DELAFIELD: Strike that.  
 

QO. Do you teach organic

chemistry?

A. Yes, I do.
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Q. And in your experience in

teaching organic chemistry, do students

 
typically synthesize structures that have

five or more chiral centers from

commercially available starting

materials?

A. I don't know the answer to

that.

Q. But sitting here today, you 

can't think of any?

A. I'm sorry, I don't understand

the question.

Q. Sitting here today, you are

not aware of any syntheses that your

 
students perform synthesizing molecules

with five or more chiral centers?

A. Sitting here today, I can't

think of any examples.

Q. Do your undergraduate students

typically perform kilogram scale

reactions?

A. I'm afraid I don't understand

the question.

Q. Well, you teach undergraduate
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chemistry, correct?

A. That is correct.

Q. And in those classes and labs,

they perform experiments, right?

A. The students in the

 
laboratories, in the teaching

  
laboratories certainly do perform

experiments, yes.

Q. And are you aware if those

students perform syntheses on a kilogram

 

scale?

A. I am not —--

MR. POLLACK: Objection to

form.

A. I am not aware.

Q. Do you know if the lab

equipment in undergraduate labs is even

capable of synthesizing kilogram scale

 

reactions?

A. I do not know.

Q. Would it surprise you if they

didn't?

MR. POLLACK: Objection to

form.
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A. I'm sorry, I don't understand

your question.

QO. Well, you're aware of the

equipment used in undergraduate

laboratories, correct?

A. No, I am not.

Q. So you'tre not aware of what

laboratory equipment is used in the

undergraduate courses that you teach?

A. Well, the undergraduate

courses that I teach are lecture courses,

so they don't have laboratory components

 to them.

Q. So you don't teach the lab

courses?

A. I do not.

Q. Tf you could look at

 Exhibit 2, which is a copy of your

declaration -- well, first, is that a

true and correct copy of your

declaration?

A. Yes, it is.

Q. Are you aware of any errors in

your declaration?

26
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A. Io am.

Q. And what are those errors?

A. There's a citation to Phares,

 

that continues on to page 15, and

cites Exhibit 1005, page 24, bottom 

paragraph, and that number should

actually be page 22.

Q. Okay.

other errors?

A. No, I am not.

Oh, excuse me.

other error, I guess.

be a duplicate signature page at the end

of the report. I'm not sure what the

reason is for that.

Q. So if we could take a look at

paragraph 14 in your declaration, do you

see that?

A. Yes, I do.

Q. And paragraph 14 says, "Given

the high education level of the

scientists actually working in this

field, a person of ordinary skill

Exhibit 1005, at the bottom of page 14

Are you aware of any

There is one

There appears to

27

it

in the
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art ('POSA') of chemistry at the time of

the alleged invention would have a

master's degree or a Ph.D. in medicinal

or organic chemistry, or a closely

related field. Alternatively a person of

ordinary skill would include a bachelor's

degree and at least five years of

practical experience in medicinal or

organic chemistry." Do you see that?

A. Yes, I do.

Q. And you agree with that

definition of person of ordinary skill

with regard to the '393 patent?

A. Yes, I do.

Q. So do you recall how you came

up with that definition?

A. I came up with that definition

as a function in large measure of looking
 

at the inventors of the patent and what

  
their level of expertise and training
 

was.

QO. Did you do anything else to

determine what the level of ordinary

skill would be?
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A. I think my opinion was formed

based on the background of the inventors

and on my own reading of the patent.

Q. So when you say your own
 

reading of the patent, what informed your

decision to choose that level of skill

based on your reading of the patent?

A. I formed that opinion based on

the science, the chemistry that was in

the patent.

QO. And so you would agree that to

understand the science and chemistry of
  
the patent, you would need this level of

 skill in the art?

A. Yes, that is my opinion.

Q. Okay. So let's turn back to

paragraph 3 in your report.

And the last full sentence 
says, "The technology of the '393" --

MR. DELAFIELD: Strike that.

Q. —-- "The technology of the '393

patent involves nothing more than basic

 
organic chemistry techniques-in my view,

Yorganic chemistry 101'-all of which were
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well-known in the art prior to

December 17, 2007."

A.

Q.

statement then?

A.

Q.

that you agree that to understand the

science and chemistry of the '393 patent

you would need that level of skill in the

art being a Ph.D. or master's with

experience in medicinal or organic

chemistry, correct?

A.

that, please?

Q.

answered

skill in

paragraph 14 to understand the chemistry

of the '393 patent, correct?

A.

what I said. I think what I said was

 
that a person of ordinary skill in the

that you would need the level of

30

Winkler

Do you see that?

Yes, I do.

So do you disagree with that

No, I do not.

Well, I believe you just said

 

I'm sorry, could you repeat

I believe you just previously

   
the art that you list in

  
I don't think that's really
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art at the time of the invention would

have a master's degree or a Ph.D.

Alternatively, the person of ordinary

 skill would include an individual with a

bachelor's degree and at least five years

of practical experience.

Q. Yes, but I believe your

testimony was that to understand the

chemistry, you would need the level of

ordinary skill in the art described in

paragraph 14, whether it's a Ph.D. and

master's with less experience or a

bachelor's with more experience?

A. I'm sorry, I must have

misspoken.

What I meant to say was that

my definition of a person of ordinary

 skill in the art is as listed here in

paragraph 14.

I'm afraid I may not have

understood the question that you asked

me.

Q. So the technology of the '393

patent involves more than just organic
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chemistry 101, if the ordinary level of

skill in the art is a Ph.D. with years of

experience in medicinal and organic

chemistry, correct?

 
MR. POLLACK: Objection to

  
form.

A. No, I don't think that's

correct at all. I think the statement

  
that I'm making in paragraph 3 is that

the technology of the patent involves

basic organic chemistry techniques. That

is my opinion.
 

I think that the definition

that I gave of a person of ordinary skill

in the art is one who would have a 
master's degree or a Ph.D. in organic

chemistry or a person of ordinary skill

 
with at least five years of practical

experience.

Q. But if the chemistry involved

in the '393 patent involves no more than

 
organic chemistry 101, why would you need

a master's degree or Ph.D. in medicinal

chemistry or closely related field or a
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bachelor's degree with at least five

years of experience in medicinal and

organic chemistry?

MR. POLLACK: Objection to

form.

A. Well, my opinion is that a

person of ordinary skill would have the

qualifications that I listed in paragraph 
14 based on the expertise of the patent

authors.

 But the technology that we're

discussing here in my opinion is basic,

and as I stated in paragraph 3, it

involves nothing more than basic organic

chemistry techniques, in my view, as I

state here, "organic chemistry 101."

Q. So if a person took organic

chemistry 101, would they be a person of

ordinary skill in the art with regard to

the '393 patent?

MR. POLLACK: Objection to

form.

A. If a person took organic

 
chemistry 101, they would certainly have
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been exposed to the technology of the

393 patent, and I would say, understand

the technology of the '393 patent.

Q. So do you want to change your

level of ordinary skill in the art?

A. No, I do not.

Q. So I guess I just am not

understanding how someone would need a

Ph.D., if your opinion is that there is

nothing in the '393 patent beyond basic

organic chemistry.

So you would agree that a

person who had taken organic chemistry

101 would not be a person of ordinary

skill in the art with respect to the '393

patent, correct?

A. A person who had taken only

the first year of organic chemistry would

not qualify as a person of ordinary skill

in the art, per the definition that I've

offered in paragraph 14, that is correct.

QO. And so your definition does

require a lot more than taking one year

of organic chemistry to be a person of

 

DAVID FELDMAN WORLDWIDE,INC.
450 Seventh Avenue- Ste 500, New York, NY 10123 1.800.642.1099

P. 34 UT Ex. 2051

SteadyMed v. United Therapeutics
IPR2016-00006

 
IPR2020-00769

United Therapeutics EX2006
Page 5593 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5594 of 7113

~J

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25

 

 
35

Winkler

ordinary skill in the art, correct?

A. To be a person of ordinary

skill in the art, according to the

definition that I've offered in paragraph

14, would require a master's or Ph.D.

degree or bachelor's degree with at least

five years of practical experience.

Q. In the courses you teach in

chemistry, is organic chemistry a 100

level course?

MR. POLLACK: Objection to

form.

A. The number of the

undergraduate course that I teach at the

University of Pennsylvania in

 
introductory organic chemistry is

chemistry 241, it's not a 100 level

course. It's a 200 level course.

Q. So there is not actually an

  
organic chemistry 101; is that right?

A. Not precisely. My view of the

organic chemistry 101 in paragraph 3 was

just to indicate a descriptor of basic 
organic chemistry, or introductory
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organic chemistry.

Q.

impurity profiles for drug substances,

and I believe you testified that you had

not prepared an impurity profile for a

drug substance; is that correct?

form.

A.

what you mean by that question.

Q.

profile for any drug substance?

A.

what you mean by "impurity profile," and

I don't understand what you mean by "drug

substance" in the context of this 
question.

Q.

impurity profile is?

A.

impurit

impurit

Q.

requires that impurity profiles be

36

Winkler

 Earlier we briefly discussed
 

 
 

 
MR. POLLACK: Objection to

Again, I'm not actually sure

Have you prepared any impurity

 
I guess I don't understand

 

Well, do you know what an

Well, I would interpret an 
ty profile as the profile of

 ties in a substance.

And do you understand the FDA 
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submitted with drug substances?

A. I don't think I am aware of

that.

Q. Do you know what the purpose

of an impurity profile is?

A. I'm afraid I don't understand

the question.

Q. What is the purpose of an

 
impurity profile?

  
A. Well, again, I don't
 

understand in the context to which you're

referring.

To me an impurity profile

would simply be the profile of the

impurities of the substance, what the

 
impurities were.

Q. And why would someone be

concerned about what impurities are

present in a drug substance, for example?

A. I'm not sure that I understand

the question.

QO. I'm just asking why would a

person be --

  
 

MR. DELAFIELD: Strike that.
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Winkler

Q. Can you think of any reason

why someone would want to analyze the

impurities of a drug substance?

 
A. I'm sorry, what do you mean by

"drug substance"?

Q. Are you not familiar with that

term?

A. Not formally, no.

Q. When I say "drug substance," I

mean the active pharmaceutical ingredient 
in a drug product. Does that help your

understanding?

A. Yes.

Q. So can you think of any reason

why someone would want to analyze the

impurities of an active pharmaceutical

ingredient in a drug product?

A. Well, I would -- I would think

that one would want to know what the

impurities were in the API.

Q. Why is that?

A. To know what other compounds

are in the API, or what their proportions

are.

38
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Q. Do you know why they would

want to know that?

A. Well, it's possible that the,

that the impurities could negatively

 
impact the API material, and so it would

be important to know what the amounts

 
were of these compounds or what the

purity was of the API.

Q. Have you ever studied the

negative impact of impurities on any API?

A. I think that I have, but

Sitting here, I can't think of concrete

examples.

Q. Okay. So sitting here today,

you can't think of any specific examples,

where you studied the negative impacts of

 
impurities on any API; is that correct?

A. Well, I'm pretty sure that I

have, but I can't think of specific

examples, sitting here now.

Q. Are you familiar with the use

of treprostinil?

MR. POLLACK: Objection to

form, vague.
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A. I'm afraid I don't know what

you mean by that.

Q. Do you know what treprostinil

is used for?

A. My understanding is that

treprostinil is used as a therapy for

pulmonary arterial hypertension.

Q. Would you agree that the

treprostinil is a very potent drug?

MR. POLLACK: Objection to

form.

A. I have -- I was not asked to

form an opinion on that and I do not have

one.

Q. So you don't know whether it's

potent or not, correct?

MR. POLLACK: Objection to

form.

A. As I said, I had not formed an

opinion on that.

(Winkler Exhibit 4, Excerpt of  
 

the prosecution history for the

'393 patent, [SteadyMed-Exhibit 

1002], marked for identification,
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Winkler

this date.)
 

THE WITNESS: Thank you. 
 

 
Q. You've been handed what's been

 marked Exhibit 4, which is a copy of the
 

file history for the '393 patent.

  
Do you recognize that

document?

MR. POLLACK: Just for the

record, counsel, this is pages 235

through 405 of Exhibit 1002? 

 

MR. DELAFIELD: I am not sure 
 

 
why that starts there, but I will

just call it an excerpt then.

MR. POLLACK: An excerpt from

the prosecution?
 

MR. DELAFIELD: Yes. 
  

Q. Do you recognize this

document?

A. Yes, I do.

Q. And did you review this

document in forming your opinions in your

 declaration?

A. Yes, I did.

Q. So if you could turn to --

 

DAVID FELDMAN WORLDWIDE,INC.
450 Seventh Avenue- Ste 500, New York, NY 10123 1.800.642.1099

P. 41 UT Ex. 2051

SteadyMed v. United Therapeutics
IPR2016-00006

 
IPR2020-00769

United Therapeutics EX2006
Page 5600 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5601 of 7113

~J

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25

 

 
42

Winkler

A. I'm sorry, if I could just

return to a previous answer that I gave.

 
T have my declaration still

 
here, and on paragraph 3, when I talk

about the technology of the '393 patent,

what I'm referring to is the idea of

taking a carboxylic acid, making a

carboxylic acid amine salt, and 
regenerating the free acid. Those are

the techniques that would have been

obvious, or the technology that would not

have been anything more than basic

organic chemistry. In other words,

that's what I was referring to as

"organic chemistry 101" in paragraph 3 of

my declaration.

Q. So just to go back then, so

then is it your opinion that you would

need the level of education that you give

in paragraph 14 to perform those

 
reactions that you just mentioned?

MR. POLLACK: Objection to

form.

A. My opinion is that the
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technology of the '393 patent as it

involves the formation of a carboxylate

 
salt and the regeneration of the

carboxylic acid, those steps represent

nothing more than basic organic chemistry

technigues, and that's what I was

referring to when I described it as

"organic chemistry 101," when I described

it figuratively, if you will, as organic

chemistry 101.

Q. So do you mean a master's

degree or Ph.D. in the medicinal or

 
organic chemistry or in a closely related

field to perform those steps?

A. I think to perform a

carboxylate salt and to regenerate the 
carboxylic acid, that's something that I

would expect a student in basic organic

 
chemistry to be able to do.

Q. So you don't agree that your

definition of a person of ordinary skill

in the art should be that high level of

education?

MR. POLLACK: Objection to
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form.

A. I'm sorry, I don't understand

your question.

Q. Well, in paragraph 14 you say,

"Given the high level of" --
 

MR. DELAFIELD: Strike that.  
 

Q. "Given the high education

 
level of the scientists actually working  
in this field, a person of ordinary skill

 
in the art of chemistry at the time of

the alleged invention would have a

master's degree or a Ph.D. in medicinal

or organic chemistry or closely related

field." And then you say, or a

bachelor's with more experience.

Do you see that?

A. I do.

 Q. But you're saying that to

perform the steps of the '393, you

actually don't need that level of

ordinary skill; is that correct?

 
A. I think to perform the steps 

of the salt formation and regeneration of

the carboxylic acid, those are steps that
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are taught in the equivalent of organic
 

chemistry 101. That's the statement that

 
I'm making, or that's the point that I am

trying to make in paragraph 3.

Q. And is that your understanding

of the entire technology of the '393

patent?

A. No, it is not.

Q. So in paragraph 3 when you say

the technology of the '393 patent

involves nothing more than organic

chemistry techniques, you're only

 
referring to the last few steps and not

the entire technology as it's stated

there?

A. My particular focus in

paragraph 3 when I wrote this sentence

was referring to the formation of

 
carboxylate salt and then regeneration of

the free acid.

 Q. But paragraph 3 doesn't say

that, right?
 

A. It does not say that. Well, I

   
mean it says that in that the technology
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of the

basic organic chemistry techniques, but

the technology that I was referring to

here was the formation of the carboxylate

salt and the regeneration of the free

acid.

Q.

Exhibit 

history of the '393 patent. If you could

turn to

the declaration of David Walsh under

37 C.F.R. 1.132. Do you see that?

A.

Q.

declaration?

A.

Q.

page, 3

states,

trepros

trepros

accordi

claim 1

tinil as the free acid and

tinil diethanolamine prepared

46

Winkler

'393 involves nothing more than

 
 

If you could turn back to

4, which an excerpt of the file

page 346 in the exhibit.

And this is the first page of

Yes, I do.

And have you reviewed this

Yes, I have.

So if you look at the next

47 in paragraph 6, there Walsh

"In my opinion, each of

   
ng to the process specified in

 
or 10 the present application is
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Winkler

 
physically different from treprostinil

 
prepared according to the proces of

'Moriarty.'"

Do you see that?

A. Yes, I do.

Q. And he based that analysis on

 
the fact that the impurity profiles were

different, correct?

 
MR. POLLACK: Objection to

form.

A. The Walsh report states that

each of treprostinil as the free acid and

treprostinil diethanolamine prepared

according to the process specified in

claim 1 or 10 differed from treprostinil

prepared according to the process in

Moriarty in their respective impurity

profiles.

Q. So you agree that Dr. Walsh

based his analysis on the fact that the

impurity profiles are different, correct?

 
MR. POLLACK: Objection to

form.

A. Could you repeat the question,
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Winkler

please?

Q. There Walsh concluded that the

 
treprostinil made by the '393 process was

different than the treprostinil made by

 
the Moriarty process based on differences

in impurity profiles, correct?

A. Well, what Walsh states here

is that they differ according -- they

differ in their respective impurity

profile.

QO. So is that a yes to my

question?

A. What was your question? I'm

sorry.

Q. Dr. Walsh concluded that the

treprostinil made by the '393 patent

process is different from the

treprostinil made by the Moriarty process

because their impurity profiles were

 
different, correct?

A. Walsh states that each of the

treprostinil is the free acid and the  
treprostinil diethanolamine prepared
   

according to claim 1 differ from the
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treprostinil prepared according to the

process in Moriarty in their respective

impurity profiles. That's what it says

here.

Q. I don't believe you answered

my question. It's just a yes or no

question.

It's just saying that he

believes that they're different becaus
 

they have different impurity profiles.

Is that correct?

MR. POLLACK: Objection to

form.

A. That they differ in their

respective impurity profiles, that's what

it says here.

Q. And you understand this was

submitted during prosecution of the '393

 
patent, correct? 

A. That is correct.

Q. Now, are you generally

familiar with the process of prosecuting
  

a patent with the patent office?

MR. POLLACK: Objection to
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form.

A. I'm sorry, I don't understand

exactly what you mean.

Q. Do you understand that Dr.

Walsh submitted this declaration to point

out differences between the '393 patent

and the prior art, correct?

A. I think that's correct.

Q. Sir, if you turn to page 350,

Dr. Walsh signed his declaration on 
June 4, 2013; is that correct? 

MR. POLLACK: Objection to

form.

A. That's what it says here, yes.

Q. And turn to page 354, do you

see at the top of the page it says,

"Notice of Allowance and Fees Due"?

A. Yes.

Q. And at the top right it says

"date mailed June 12th, 2013." Do you

see that?

A. Yes, I do.

Q. So the '393 patent was allowed

 a week after Dr. Walsh submitted his
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declaration; is that right?

A. Eight days later I would 

guess.

Q. Yes.

And if you look at the pages

in between, nothing was filed from the

time Dr. Walsh submitted his declaration

 
until the time the notice of allowance  
was submitted, correct?

A. Not that I can see here, no.

Q. So the patent office during

prosecution considered impurity profiles  
to be important as to how the claims are

 
interpreted, correct?

MR. POLLACK: Objection to

form.

A. I really can't speak to how

the patent office interpreted this.

Q. Well, you understand that the

patent office allowed it eight days after

 
the submission of the declaration,

correct?

A. It appears that there was a

 
notice of allowance from the patent
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office eight days after the submission of

the Walsh declaration.

Q. So is it fair to say that the

patent was allowed as a result of Dr.

Walsh filing his declaration?

MR. POLLACK: Objection to

form.

A. Again, I don't think I can

really speak to that question.

Q. But you submit that Dr. Walsh 

submitted his declaration in order to

show differences between the '393 patent

 
and the prior art, correct?

A. IT think what Dr. Walsh states

on page 347 is that each of treprostinil

as the free acid and as the salt,

prepared according to the process

specified in claim 1 or 10, differ from

the treprostinil prepared according to

Moriarty in their respective impurity

profile.

Q. But you don't know if the 

patent office allowed the patent based on

that declaration?
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MR. POLLACK: Objection to

form, asked and answered.

A. I do not, no. 
Q. Do you think it's possible the

patent office allowed it because of the

declaration?

MR. POLLACK: Objection to

form.

A. I don't know the answer to

that question.

QO. Are you aware of any other

reason the patent office would have

allowed the patent? A. IT don't know.

Q. So looking back at his

declaration at page 347, do you see that?

A. Yes, I do.

Q. And there is a chart at the

bottom of the page that shows the 
impurity profile that says, "Treprostinil

free acid prepared according to

"Moriarty.'" Do you see that?

A. Yes, I do.

Q. And at the bottom it says,
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bottom left says, "Total Related

 

Substances." Do you see that?

A. Yes, I do.

Q. And in the far right it says,

"Q.6 percent,” correct?

A. Yes, it does.

Q. So that is the total amount of   
impurities in that sample added up; is

that correct?

A. Well, all I can read from this

is that that's the total of related

 
substances in this sample, of this

material that was sampled.

Q. And that's a measure of the

 
purity of the substance, right?

A. I don't know the answer to

that question.

Q. So you didn't use the numbers

from the Walsh declaration in determining

  
the purity of the '393 patent batches or  
the Moriarty batches; is that right?

A. Well, actually in my

declaration, I actually discuss why the

Walsh declaration cannot be used to

 

DAVID FELDMAN WORLDWIDE,INC.
450 Seventh Avenue- Ste 500, New York, NY 10123 1.800.642.1099

P. 54 UT Ex. 2051

SteadyMed v. United Therapeutics
IPR2016-00006

 
IPR2020-00769

United Therapeutics EX2006
Page 5613 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5614 of 7113

~J

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25

 

 
support the question of the purity that

 
the patent owner claims.

Q.

declaration and then if you also look at

your declaration at paragraph 65.

A.

Q.

sentence, you state, "Patent Owner

 
contended based upon Dr. Walsh's

measurement that his purification method

achieved 99.8 percent purity, while the

prior art Moriarty reference achieved

fonly' Exhibit

 that?

A.

Q.

can you tell me where you got

99.4 percent purity reference from

paragraph 65?

A.

-6 percent from 100 percent.

Q.

know if

99.4 percent," and then you cite

55
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So if you keep open the Walsh

Yes.

So paragraph 65, second

 

1002 to page 347. Do you see

I do.

So if you look at page 347,

I obtained that by subtracting

So earlier you said you didn't

"Total Related Substances" was a
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measure of purity, correct?

MR. POLLACK: Objection to

form.

A. My confusion sitting here is

that this gives a number for "Total

Related Substances" but no number for

total unrelated substances, which I've

seen in other of the documents, so I made

 
the assumption in my declaration that the

 
purity of the sample was indicated from

these data to be only 99.4 percent on

that basis.

Q. So you used the "Total Related

Substances" number as a measure for

 
purity, correct?

MR. POLLACK: Objection to

form.

A. So the patent owner, if I'm

not mistaken, claims that Moriarty here

was 99.4 percent, pure. Was only

99.4 percent pure, based on the "Total

 Related Substances" value obtained here

of .6 percent.

The point that I was trying to
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make was that the upper limit for this

 
lot would have been 99.4, but could have

been lower if there were unrelated

 
substances in the preparation.

I also pointed out in my 
report, several examples of why these

 
data would be, would be difficult to

interpret.

 Q. But at least one way to

measure the purity is to look at the 
"Total Related Substances" in a batch,

correct?

MR. POLLACK: Objection to

form.

A. Well, again, as I mentioned,

one way would be to look at "Total

Related Substances," but there were other

 
purity profiles that I looked at in the

course of my review of the documents that

showed related substances as well as

unrelated substances.

 
Q. But looking at "Total Related

Substances" is one, possibly many ways,

to determine the purity, correct?
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MR. POLLACK: Objection to

form.

A. IT think without knowing the

 
percent of unrelated substances, it would

be less than accurate to describe the

purity of this sample as 99.4.

Q. And when you say "unrelated

substances," what do you mean by that?

A. I think, as I said, in the

course of my review of the documents some

of these purity profiles indicated a

percent of related substances and then

also a percent of unrelated substances.

I'm not sure exactly what they would have

been referring to.

QO. So looking back at the Walsh 
declaration at page 347, above the "Total

Related Substances" it lists several

different impurities. Do you see that?

A. I do.

Q. And then in the far right

column there are numbers and the letters

ND. Do you know what "ND" stands for?

A. I think that "ND" stands for
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not determined, or I'm sorry, not

 determined or not detected. That's the

typical context in which I've seen those

numbers.

QO. So you've seen "ND" referred

to meaning not detected, correct?
   A. Not detected and not

determined, yes.

Q. So you see that, for example,

the impurity 2A90 was reported as less

than 0.05 percent. Do you see that?

A. Yes, I do.

Q. And 97W86 impurity which is

Benzidene trial, which was reported as

 
QO.7 percent. Do you see that?

A. Yes, I do.

Q. So the instrument used to

analyze these impurities could detect

down to at least 0.07 percent, correct?

A. That's what this would, these 
numbers would suggest, yes. Although

 there is no indication of what the error

is in these measurements.

Q. In the middle column you see
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that it lists specification for each of

these impurities. Do you see that?

A. Yes, I do.

Q. And for 2AU90 it says not more

than 0.1 percent, correct?

A. That is correct.

Q. So even if this doesn't report

the error, is it fair to say that the

error would have to be less than

0.1 percent in order for 0.1 percent to

be a meaningful number?

MR. POLLACK: Objection to

form.

A. I'm sorry, could you repeat

that guestion, please?

Q. So the specification says not

more than 0.1 percent, correct?

A. That is correct.

Q. And although this does not

report the amount of error associated

 with that number in order for a

Q.1 percent to be relevant, the error

would have to be lower, correct?

A. I’m sorry, could you repeat
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the question, please.
 

MR. DELAFIELD: Could you read  
 

back the question.

(A portion of the record was

read.)

A. I think for the measurement of

the 2AU90, if the error in the

measurement was more than .1 percent, it

would be difficult to claim not more than

-l percent.

Q. Okay. So you agree that if

you're reporting a number not more than a

certain percentage, the error associated

with that number would necessarily need

to be lower than that, right?

A. I would think that it should

 
be, but I'm just not sure that it is in

this case.
 

MR. DELAFIELD: We've been  
 

going about an hour anda half,

would you like to take a break, Dr.

Winkler?
 

THE WITNESS: That would be  

fine.
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THE VIDEOGRAPHER: The time is  
 

 
10:53 a.m., and we're going off the

record.

(A brief recess was taken.)
 

THE VIDEOGRAPHER: This begins   
 

media unit number 2. The time is

11:09 a.m. and we're back on

record.

QO. Hello, Dr. Winkler. During

the break, did you discuss with your

attorney any of the substance of your

testimony today or anything about the

case?

A. No, I did not.

Q. So if you could turn back to

 Exhibit 4, which is the excerpt of the

file history we were talking about, Dr. 
Walsh's declaration. And on page 347, we

were discussing the amounts of impurities

for --
 

MR. DELAFIELD: Strike that.  
 

Q. We were discussing the

limitations on the impurities in that

   
chart. Do you recall that?
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A. Yes, I do.

Q. And we were discussing that

 
for the impurity 2AU90 the limit for the

impurity was no more than 0.1 percent,

 correct?

A. That's what it says here, yes.

Q. And I believe you testified

that you didn't know what the

 
experimental error associated with that

number is, because there is not enough

 
information here to determine that; is

that right?

A. That's correct.

Q. But it would be reasonable to

 think that the error would need to be

lower than 0.1 percent in order for the  
limit to be 0.1 percent; is that fair?

MR. POLLACK: Objection to

form.

A. IT think that actually depends

on whether you're referring to a relative

error or the absolute error in measuring

the .1 percent.

Q. Well, in either case, in order
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for the limit to be 0.1 percent, the

error would likely be less than

O.1 percent, correct?

MR. POLLACK: Objection to

form.

A. I would think that the error

in the measurement for the 2AU90 would

be, should be less than .1 percent.

Q. And generally for all the

numbers, the error should be less than

the maximum number reported, correct?

A. The error should be less than

the maximum number reported, that's

 
correct, for the measurement of the

materials that are described here.

Q. Sir, if you turn to page 348,

on the next page it shows two similar

 
impurity profiles to the treprostinil 
diethanolamine prepared according to

claims 1 and 10, and the treprostinil as

the free acid prepared according to

claims 1 or 10.

Do you see that?

A. Yes, I do.
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row says, "Impurities (HPLC) (Total

Related Substances.)}" Do you see that?

yes,

O.,1 percent, correct?

below that, it says "Total Related

Substances,'

0.2 percent, correct?

discussed before, the error associated

with

less

be whether we're dealing with relative or

absolute errors, for these numbers.

absolute error, in order to report a

65
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Q. And the top chart, the bottom

A. "Total related substances," 
I see that.

Q. And on the far right it says

A. It does say that, yes.

Q. And likewise, on the chart

'
and the corresponding number

A. That's what it says here, yes.

Q. So like the 2AU90 number we

 
those numbers would also need to be

than the number reported, correct?

MR. POLLACK: Objection to

form.

A. Well, again, the issue would

 
Q. But whether it's relative or
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number, the error should be less than the

number reported, correct?

MR. POLLACK: Objection to

form.

A. The error should be less than

the number reported.

Q. So if you could turn back to

 
your declaration, which is Exhibit 2, and

1f you look at paragraph 68, are you

there?

A. IT am at paragraph 68.

Q. You say, "Third, a 0.1
 

percentage difference in purity between

 
Walsh's measurement of Moriarty's purity

and Claim 2 and Claim 10's 99.5 purity is

well within experimental error for

measuring impurities, and would not

represent a significant deviation from

 WF
the processes of the prior art.

Do you see that?

A. Yes, I do.

Q. But you don't know what the 

experimental error is associated with

these measurements, correct?
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MR. POLLACK: Objection to

form.

A. IT don't know precisely what

the errors are, but I know that there

clearly must be error in these

measurements. For example, I know that

 
the Moriarty purity is reported here as

99.4, but in fact in Moriarty, it's

reported as 99.7. So that represents a

spread of .3 percent in terms of the

purity of the products.

 Q. But as we just discussed, the

numbers recorded in Walsh's declaration,

which you're relying on, the errors

should be less than the numbers reported,

 
and therefore, less than .1, correct?

MR. POLLACK: Objection to

form.

A. Well, I don't -- I don't think

that's what I said. And, for example, if

you look at the Moriarty data on page  
347, that number is .6, so that would

suggest a larger possible range.

For this particular lot that
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was tested, they claim an impurity level

of .1 percent. The impurity level for

the free acid is claimed as .2 percent.

So, again, these are specific

lots, and I'm not sure what I could

conclude based on this limited data set.

Q. So based on this information

you have no idea what the experimental

error would be, correct?

MR. POLLACK: Objection to

form.

A. Well, again, I assume that the

error, at least in the case of Moriarty,

is going to be somewhere on the range of

plus or minus .2 percent at a minimum.

There is other data that I saw in

 
materials that were supplied after my

declaration was produced that suggest

that the HPLC purities are off by as much

as 1 or 2 percent.

Q. But do you agree the HPLC 

purities given in the Walsh declaration

should have experimental errors below

that of .1 percent, correct?
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MR. POLLACK: Objection to

form.

A. Well, I think in my reading of

the data on page 348, I certainly agree

that these measurements for these two

 
particular lots should have errors that

are less than .1, .2 respectively, but I

don't know that that's the case, and

given the other data that I've seen, I am

imagining that these sorts of differences

 
would all be within the range of

experimental.

 Q. But in order to know what the

 
experimental error range is you need to

know what HPLC was used and whether the

same HPLC was used for one analysis in

another analysis, correct?

A. I think there are multiple

factors that would be required to

determine what the experimental error

would be.

QO. And because there are multiple

factors that would be required to

determine what the experimental error

 

DAVID FELDMAN WORLDWIDE,INC.
450 Seventh Avenue- Ste 500, New York, NY 10123 1.800.642.1099

P. 69 UT Ex. 2051

SteadyMed v. United Therapeutics
IPR2016-00006

 
IPR2020-00769

United Therapeutics EX2006
Page 5628 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5629 of 7113

~J

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25

 

 
70

Winkler

would be, you don't actually know what 
would be within or outside experimental

error; it's just an assumption, correct?

MR. POLLACK: Objection to

form.

A. Locking at these numbers, I

 
can be certain that there is experimental

error, but I can't say exactly how large

that error is.

Q. So if you look at paragraph 69

of your report, you say, "even a

difference of 0.4 percent as discussed

below between the claim processes of '393

patent and prior art such as Moriarty

would be attributable to experimental

 
error, and that the claimed degree of

purity under the claimed processes of the

393 patent presents no distinction from

prior art."

Do you see that?

A. Yes, I do.

QO. So based on the multiple

factors, you would need to know what the

limit of the experimental error is; you
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don't in fact know that 0.4 percent would

be within the experimental error,

correct?

MR. POLLACK: Objection to

form.

A. Well, actually, I think I do

know that the experimental error could be

as high as .4 percent, because of the

data that's included in the '393 patent.

Q. And what data are you

referring to?

A. I'm referring to the data

that's described in paragraph 70 of my 
report, in which I state in the second

sentence, that "in the present case we

can estimate the precision of the 
equipment the inventors actually used

  Since the inventors found that Example

  4's Batch 1 had an HPLC Assay of

100.4 percent, which is obviously greater

than the 100 percent value theoretically

'
achievable," and that would suggest to me

  there that is a variation of at least a

  
-4 percent in these measurements.
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over

saying that at least .4 percent is due to

experimental error; is that correct?

A. That's one of the bases for my

opinion.

Q. And in paragraph 70, you

mention that the HPLC was an assay of

100.4 percent, right?

A. That's correct.

QO. What is an assay?

A. An assay is a test.

Q. What does it mean in this

context?

A. What I interpret this to mean

is that the HPLC is a determination of

the compound.

declaration we were looking at the "Total

Relat

72

Winkler

Q. And so because the number is

100 percent, that is your basis for

 

 

 

 

Q. Now, earlier in the Walsh

ted Substances" as a measure of the

 
puritty. Do you remember that?

A. Yes, I do.

Q. Is that the same as an assay?

A. Well, my experimentation —--
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Winkler

could I refer back to the '393?

 
Q. Sure. It's Exhibit 3. 

A. So I would interpret this HPLC

assay to be the same purity assay that is

described at the bottom of column 14 of

the patent; in other words, the area

  
under the curve after the treprostinil,

or treprostinil diethanolamine salt that

was being assayed.

Q. But you don't know if that's 

the same purity referred to as the "Total

Related Substances" in the Walsh

declaration, correct?

A. I'm afraid I don't understand

your question.

QO. Well, you referred to the

bottom of column 14 in the '393 patent,

and that is the number you were referring

to with regard to purity in paragraph 70

 
of your declaration, correct?

A. No, I don't think that's true.

 
What I was referring to in 70 is in the
  
table that sits at the bottom of column

13, at the bottom of the column 13 for
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Batch 1,

purity,

there refers to the same purity as

described at the bottom of 14, and it

gives a purity of 100.4 percent.

these numbers can't be better than

-4 percent, because it obviously would

not be possible to have a material that

is more than 100 percent pure.

Q.

"reference standard"?

A.

Q.

"reference standard"?

A.

Q.

what a

regard to a drug substance?

A.

typically authentic sample of a

substance.

Q. And what are they used for?

A. Well, they can be used for

I'm assuming that the HPLC assay

"reference standard” is with

74

Winkler

the HPLC assay indicates a

From that, I conclude that

Are you familiar with the term

I'm sorry?

Are you familiar with the term

Yes, I am.

What is your understanding of

Well, a reference standard is
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Winkler

many different things.

QO. Do you have any samples of

what they might be used for?

 
A. They could be used, for

example, to calibrate retention times on

HPLC.

Q. Are you aware of reference

standards being used as the standard in

which other samples are compared to?

A. Yes, that would certainly be

possible as well.

Q. And so a reference standard is

usually a very high purity sample,

correct?

MR. POLLACK: Objection to

form.

A. It can be.

Q. Now, sarlier you said you had

reviewed some documents that were filed

after you submitted your declaration; is

that right?

A. That is correct.

Q. Did you review all the

exhibits that were attached to United
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Winkler

Therapeutics' brief?

A. I am pretty sure that I did.

 
(Winkler Exhibit 5, Letter 

dated 1/2/09, [UT Exhibit 2006], 

marked for identification, this

date.)

THE WITNESS: Thank you.  
 

Q. I've handed you what's been

 marked as Exhibit 5, which is a letter to

the FDA from United Therapeutics.
  

MR. DELAFIELD: I would like 
 

to also note for the record that

parts of the deposition will be

confidential.

MR. POLLACK: Do you want to

 make this section confidential?
  

MR. DELAFIELD: Yes. 
 

(The following portion has

been deemed confidential and bound

under separate cover.)

76
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Winkler-Highly Confidential

Q. Do you recognize this

document?

A. Yes, I do.

Q. If you turn to page 5, this

table shows drug substance specification

comparison. Do you see that?

A. Yes, I do.

Q. And it continues on to page 6,

 
1f you would turn to the next page. And

do you generally understand what this

chart shows?

A. I think so, yes.

Q. So on page 6, the second row,

it says, "Chromatographic Purity (HPLC) ."

Do you see that?

A. I do.

Q. And then there are various

impurities listed and next to that are

 
the limits for those impurities. Do you

see that?

A. Yes, I do.

Q. And again, for example, for

a. it says, not more than

mm percent, correct?
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Winkler-Highly Confidential

 

 

A. That is correct.

Q. And then below that row is

another row that says "Assay (HPLC)." Do

you see that?

A. Yes, I do.

Q. And then the first column it

 
says, not less than J percent and not

more than J weight per weight on the

volatiles freebases. Do you see that?

A. I do.

QO. So right above "Assay," it

says "Total Related Substances." Do you

see that?

A. I do.

Q. So here this is showing two

separate ways that you can assess the

purity of this substance, correct?

MR. POLLACK: Objection to

form.

A. T'm afraid I don't understand

your question.

QO. So earlier we discussed how

"Total Related Substances" was a measure

of purity, correct?
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Winkler-Highly Confidential

form.

A.

understand your question.

Q.

Walsh's declaration, we discussed how the

measurement associated with "Total

Related Substances" was a way to

determine the purity of the substance,

correct?

MR. POLLACK: Objection to

form.

A. I think that we had used

"Total Related Substances" to generate a

—-- an upper limit for what the purity of

a substance could be.

Q.

the purity, correct?

form.

A.

it could be used to determine the upper

limit of purity.

Q.

79

 
MR. POLLACK: Objection to

I'm afraid I still don't

 Earlier when we discussed Dr.

  
So it's one way to determine

 
MR. POLLACK: Objection to

I think that I just said that

And you see that "Assay" below
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Winkler-Highly Confidential

 
that is a different measurement, correct?

A. Different in what way? I'm

afraid I don't understand the question.

Q. So according to this chart,

"Assay" is listed separately from "Total

 Related Substances," correct?

A. That is correct.

Q. And both "Assay" and "Total

Related Substances" are different ways

that you can estimate the purity of a

substance, correct?

A. They could be used to

determine the purity of a substance, yes. 
Q. And here it's showing that

they're not necessarily the same number,

correct?

A. I'm afraid I don't understand

your question.
 

Q. Well, because they are listed

separately, they're not one and the same

thing, correct?

A. I'm afraid I still don't

understand your question. There are

different numbers given here for "Total
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Winkler-Highly Confidential

Related Substances" and "Assay" by HPLC.

Q. They are different analyses,

right?

A. I'm afraid I don't understand

what you mean by that.

Q. You don't understand whether

or not the measurement for "Total Related

 Substances" is different than the

measurement for the assay?

A. I understand the "Total

Related Substances" as expressed here and

the assay are different.

Q. Okay.
 

THE WITNESS: Excuse me.   

 Excuse me. They're different but
 

clearly related because the

MM eercent HPLC assay certainly 
looks like it's correlated to the

not more than i percent of "Total

Related Substances," so I would 
think that these values are in fact

related somehow.

Q. But in the last column, it

says, not less than Jf percent for assay
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Winkler-Highly Confidential

but not more than i percent for total 
related substances, correct?

A. Yes, it does.

Q. So they are different

 
analyses, right?

A. Based on that they would

appear to be, yes.

Q. So we were talking about a

reference standards and how sometimes

they are used to compare samples against

to determine a purity relative to the

reference standard.

Do you understand that?

A. I think I do.

Q. So here when it talks about

assay on a weight-per-weight basis, if 
assay means the amount of substance in a

sample compared to the amount ina

reference standard, that would be one way

to determine the purity in relation to a

reference standard, correct?

A. I could imagine the use of a

reference standard to do that, yes.

Q. So if that were the case, if
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Winkler-Highly Confidential

 
the sample were made by an improved

process that had a higher purity than the

reference standard, you could get over

100 percent and it not be experimental

error, correct?

MR. POLLACK: Objection to

form.

A. That's not the way I

understand the use of a reference

standard.

Q. Well, if a reference standard,

for example, has 99 percent of a

substance and the sample you're comparing

it against is 100 percent, then that

would be 1 percent more than the

reference standard, correct?

 

A. That is correct.

Q. And both of these --

A. But that would not give a

calculated value of, say, of more than

100 percent purity. I don't think there

is any logical calculation that would

allow you to determine greater than  
100 percent purity, at least none that
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Winkler-Highly Confidential

I've ever seen, before looking at these

data.

Q. So in the "Assay" column --

  MR. DELAFIELD: Strike that.  
 

QO. In the "Assay" row on this

page, you see that the proposed change is  
actually raising the upper limit from

MMM percent to JB percent. Do you see

that?

A. I do see that.

QO. So then is it your belief that

they're proposing more experimental

error?

A. Well, if I see a number of

im percent purity, that suggests to me

that that value is going to be off by

 
Bf percent.

Q. So you're not aware of a

purity analysis where a sample is

compared to a less pure reference

standard ending up with over 100 percent?

A. In my experience of less than

100 percent pure reference standard

should never give a value of more than
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Winkler-Highly Confidential

100 percent purity in the assayed

material. There should be a correction

for the lack of purity in the reference

standard.

QO. So why --

A. Because it -- I'm sorry --

because it wouldn't make sense to one of

 
skill in the art or myself to have a

  
sample or have a measurement that would

 
indicate that a sample was more than

100 percent pure.

Q. So you understand that this

 
letter was submitted to the FDA to change 
the specification for treprostinil,

correct?

MR. POLLACK: Objection to

form.

A. I’m not sure exactly what the

purpose was of this letter.

Q. Well, you understand that it

 was submitted to the FDA at least?

A. I do understand that it was

submitted to the FDA, yes.

Q. And looking back at page 6,
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you also understand that the proposed

change was to the assay, raising the

assay from Jjto J to Bfto

mm percent. Do you see that?

A.

approved specification and then a

proposed new specification.

Q.

would be changed from J to IM percent;

is that correct?

form.

A. I don't know, no.

Q. And it's your understanding

that the experimental error in the first

column is at least Bieercent because it

says, not more than mm percent, and the

experimental error in the second column

must bd percent because it says

MMM percent. Is that fair to say?

form.

A.

indicate to me is that in the first

Winkler-Highly Confidential

86

 

I see -- I see a currently

So you don't understand why it

MR. POLLACK: Objection to

 

  
 

MR. POLLACK: Objection to

I think what the data here
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Winkler-Highly Confidential

column, I would read this as saying that

the experimental error could certainly be

as high as J§fpercent.

And that in the second column,

the experimental error could be as high

 as percent. Because I don't think it's 
possible to have a sample that is

MMM percent pure.

Q. And you don't think it's

possible that these numbers represent an

analysis of a sample compared to a

reference standard that is less pure such

that's you would end up with over 100

 
percent? You don't think that's

possible?

A. Well, again, I don't think

that comparison of an unknown sample to a

less than 100 percent pure reference

standard should give a value of more than

100 percent purity in the unknown. I

Chink one should be able to understand

what the purity is of reference standard

and to use that information to develop a

more real picture of what the purity of
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Winkler-Highly Confidential

the sample is, so that one doesn't get 
essentially auspicious result that is a

purity of greater than 100 percent.

Q. But again, given all of these

 
numbers, you don't know specifically what

the experimental error associated with

any measurement for treprostinil,

 

correct?

MR. POLLACK: Objection to

form.

A. I think the thing that I am

able to conclude from the data that is on

page 6 of this, of this letter is that

 
the error in the HPLC assay could be as

high as F§feercent in the first column and

by my analysis could be as high as

Bpercent in the second column.
 

THE WITNESS: Excuse me.   
 

Q. Do you know why the assay is

reported as not less than a number and

not more than a number, as opposed to

just not more than that, as the

chromatographic purity was listed --

MR. DELAFIELD: Strike that.  
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Winkler-Highly Confidential

Q. Do you know why the

chromatographic purity in the second row

 
is reported differently than the assay

purity?

A. No, I don't.

Q. Sir, if you could look back at

your declaration, at paragraph 68, if you

recall, you reference in the first

 
sentence, Moriarty's purity of

99.4 percent. Do you see that?

A. I'm sorry, could you repeat

that?

Q. In paragraph 68 you reference

Moriarty's purity as 99.4 percent,

 correct?

A. I actually describe Walsh's

measurement of Moriarty's purity.

QO. Yes.

And that purity number came

from subtracting from 100, the "Total

Related Substances" in Walsh's

declaration, correct?

A. That is correct.

Q. And then if you look at
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paragraph 70 --

A.

to be correct. That's the number that I

think comes from the patent owner.

Q. Yes, the ".6 Total Related

Substances."

A. Right.

No, the description of

Moriarty's purity is 99.4 percent. If

I'm not mistaken that number comes from

the patent owner.

Q. I’m sorry, do you mean, do you

the mean Walsh's declaration?

A.

of the

response of the patent owner is where the

99.4 percent number comes from.

Q.

If you

A.

Q.

90

Winkler-Highly Confidential

Well, excuse me, that appears

 

  

I think that in the documents

-- for the petition or the

I think I can help you there.

look at paragraph 65?

Of?

Your last sentence?

I'm sorry, 65 of what?

Of your declaration?

Okay.
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Winkler-Highly Confidential

 
Q. The last line says, "While the

prior art Moriarty reference achieved

 
only 99.4 percent," and then you cite

page 347.

A. Okay.

Q. And that is the file history

  which is Exhibit 4.

A. Okay. Oh, I see.

Q. Which reports the .6 total

related --

A. Yes.

Q. So your number of 99.4 percent

purity comes from subtracting the "Total

 
Related Substances" from 100, correct?

A. Correct.

QO. So going back to --

A. As -- as a -- in this case, as

an upper limit to the purity of that

sample.

Q. Okay. So then if you could

turn to paragraph 70 of your declaration,

and in the second sentence you say, "In

the present case we can estimate the
 

precision of th quipment the inventors
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actually used since the inventors found

that Example 4's Batch 1 and HPLC assay  

of 100.4 percent which is obviously

greater than 100 percent value

theoretically achievable." Do you see

that?

A. Correct, I do.

Q. And you are using here the

assay number as a measure of purity,

correct?

A. Yes.

Q. But "Assay" and "Total Related 

Substances" are different analyses,

correct?

A. They can be different.

Q. Well, they're reported as

 
different in the UTC's letter to the FDA,

right?

A. Well, the -- the letter to the

F -- I'm sorry, I'm confused. I was on

the Walsh declaration.

In the letter to the FDA the

  
chromatographic purity by measurement of

total related substances appears to be
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different from the HPLC assay.

QO. Yes.

 
So because they are different

measurements, you can't say specifically

what the experimental error would be,

correct?

MR. POLLACK: Objection to

form.

A. Well, I think I can say what

the experimental error would be, because,

as I state in paragraph 70 of my report,

 
given the fact that the assay comes up

 
over 100 percent, comes up to 100.4 in

batch 1 of example 4, from that, I can 
conclude that the error in these

measurements or determinations must be at

least .4 percent.

And in fact the, in the

patent, in the '393, I think there is

actually no measurement of impurities,

but the purity was determined by this

HPLC assay or this so called AUC, the

area under the curve.

Q. Right, because the assay in
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 "Total Related Substances" are different

analyses, you can't say what the

experimental error is with regard to the

"Total Related Substances," correct?

MR. POLLACK: Objection to

form.

A. Well, there is no description

of the "Total Related Substances" in the

*393 -- I'm afraid IT don't understand

your question.

QO. Well, the basis for you saying

that it has a .4 percent experimental

error is based on an assay analysis, not 
total related substance analysis, right?

A. The basis for my determination

of experimental error is, among other

things, the HPLC assay of 100.4 percent,
 

the difference between the Walsh

determination of the Moriarty purity and 
the Moriarty purity described by

Moriarty, both being HPLC measurements

and my understanding of HPLC. And the

issues that I discussed in paragraph 70

where the relative standard deviation for
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an HPLC instrument in the literature is

 
being described about being about

1 percent.

Q. "Assay" and "Total Related

Substances" two different analyses,

 
right?

A. Yes.

Q. And they may have different

experimental errors associated with them,

correct?

A. Well, I think the point of my

 
analysis is that HPLC carries

experimental error, and that there would

be experimental error in any HPLC

determination, whether we're looking at

an impurity profile or whether we are 
looking at the HPLC assay as described in

the '393.

Q. But you don't know exactly

what that number would be? 
MR. POLLACK: Objection to

form.

A. IT don't know exactly what the

experimental error will be, and but as I
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mentioned, based on the data that I've

seen here, in my understanding of the

HPLC, it looks like the error could be as

high as 1 or 2 percent.

(Continued in nonconfidential

portion of transcript.)  
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Winkler

THE WITNESS: Excuse me.   
 

 (Winkler Exhibit 6, Document

entitled, "Getting Started in

 
HPLC," [SteadyMed-Exhibit 1017], 

marked for identification, this

date.)

THE WITNESS: Thank you.  
 

Q. I've handed you what's been

 marked as Exhibit 6, which is a document

entitled, "Getting Started in HPLC."

Do you recognize this

document?

A. Yes, I do.

Q. And is this a document you

relied upon in your declaration?

A. Yes, I did.

Q. Do you know who the author

of this document?

A. No, I do not.

Q. Did you obtain this from a

website?

A. I did.

Q. Do you know if the website

maintained --

is

is

97
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Q.

website?

A.

that question.

Q.

for the argument you make that HPLC has

1 percent error; is that right?

A.

what I stated here was that HPLC methods

are expected to have CV values, and the

CV is did he staled at coefficient of

variance,

RSD of the relative standard deviation,

and that 
1 percent for HPLC.

Q.

paragraph 70 in your declaration, you

98

Winkler

MR. DELAFIELD: Strike that. 
 

  
Do you know who maintains the

I do not know the answer to

Now, you rely on this document

 
I think what I -- excuse me --

 
which is an equivalent of the

that number is on the order of

So first, if you look at

 
state that relative standard deviation is

about 1 percent and you cite this

exhibit?

A.

Q.

the last

Correct.

And then you state that, in

 
sentence, "This deviation
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between the experimental and theoretical

shows that the instrument can have

variations of at least 0.4 percent, which

is greater than the difference in purity

that the inventors offered to support

their contention regarding greater purity

over the prior art, correct?

A. Correct.

 Q. But you don't know what 
instruments were used to determine the

purity in Moriarty, the Walsh declaration

or the '393, correct?

MR. POLLACK: Objection to

form.

A. The Moriarty reference may

mention the HPLC equipment that was used

but I don't remember.

Q. And this reference that you
 

cite for the 1 percent, relative standard

deviation, doesn't say that there would 
be a 1 percent error in all HPLC

measurements, correct?

A. I think what the reference

states is that for most purposes HPLC

 

DAVID FELDMAN WORLDWIDE,INC.
450 Seventh Avenue- Ste 500, New York, NY 10123 1.800.642.1099

P. 99 UT Ex. 2051

SteadyMed v. United Therapeutics
IPR2016-00006

 
IPR2020-00769

United Therapeutics EX2006
Page 5658 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5659 of 7113

~J

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25

 

 
100

Winkler

methods are expected to have CV values or

coefficient of variation values on the

order of 1 percent.

 Q. But you don't know what it

would be for any of the testing done for

 
treprostinil, correct?

MR. POLLACK: Objection to

form.

A. T'm afraid I don't understand

your question.

Q. You don't know what the CV

value would be for any of the HPLC tests

 
performed on treprostinil that we

discussed today?

MR. POLLACK: Objection to

form.

A. I think I only know that the

HPLC methods are expected to have CV

values on the order of 1 percent.

Q. Is it fair to say that HPLC

equipment may have different experimental
 

errors associated with it, depending on
  the time frame that that the HPLC was

used?
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form.

rephrase it.

Q.

1980s and HPLC today, they may very well

101

Winkler

MR. POLLACK: Objection to

Could you repeat that, please?
 

MR. DELAFIELD: Let me  
 

So if took an HPLC In the 
  

have different experimental errors

associated with it, correct?

A. I think it's possible that

they could.

Q. And if you look at Exhibit 6,

on page 3, at the bottom left it says,

last revised April 6, 2001.

A.

Q.

filed until 2007, correct?

A.

that, please?

Q.

until -- let me get the -- I believe

2007.

 

 

Do you see that?

Yes, I do.

And the '393 patent wasn't

I'm sorry, could you repeat

The '393 patent wasn't filed

Yes, the first application for

 
 

DAVID FELDMAN WORLDWIDE,INC.
450 Seventh Avenue- Ste 500, New York, NY 10123 1.800.642.1099

P. 101 UT Ex. 2051

SteadyMed v. United Therapeutics
IPR2016-00006

IPR2020-00769

United Therapeutics EX2006
Page 5660 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5661 of 7113

~J

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25

 

 
102

Winkler

the '393 patent wasn't filed until

April 2007, correct?

A. The priority date I think is

2007.

Q. So HPLC determinations could

have changed since 2001, correct?

MR. POLLACK: Objection to

form.

A. IT wouldn't have expected a

large difference in HPLC performance over

the six-year period, but I can't be

certain.

Q. Now, looking back at your

declaration, at paragraph 66, you say

 
"First, the data in the Walsh declaration

was derived from limited sample set -

indeed, only two specific batches of

treprostinil."

Do you see that?

A. Yes, I do.

Q. And you say, "There could be

significant batch-to-batch variations in

 
the impurity profile of each batch of

treprostinil, which does not provide
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sufficient evidence to support the

 
conclusion that purification method

achieves 99.5 percent purity or above for

the claimed treprostinil."

Do you see that?

A. Yes, I do.

Q. So if more batches

demonstrated the same results then that

would be additional evidence that it does

achieve 99.5 percent purity, correct?

A. More batches would be -- would

further support this idea, yes, that's 
true. Assuming that the numbers were

consistent.

Q. Have you performed any of the

synthetic steps identified in the '393

patent?

A. No, I have not.

 
Excuse me. I certainly

prepared the salts of carboxylic acids

 
and regenerated the acid, but I have not

 
performed the precise steps that are
 

described in the patent.

Q. So you have not performed
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those steps with respect to the

 
treprostinil or treprostinil diethanolamine?

A. I have not prepared

treprostinil or treprostinil

diethanolamine.

Q. Has anyone under your

direction prepared any of the steps in

the '393 patent?

A. As I mentioned before,

certainly people in my laboratory had

prepared the salts of carboxylic acids

and we generated the carboxylic acid, but

we have not prepared in my laboratory

treprostinil or treprostinil

diethanolamine.

Q. And if you look at the next

paragraph in your declaration, it says,

"Variations in the processes of making

the claimed product could also impact and

vary the degree of purity of the

product" --

A. I'm sorry, could you tell me

where we are?
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Q. I'm sorry. Paragraph 67 of

your declaration.

A. Yes, go ahead, please.

Q. So you state, "Second,

variations in the processes of making the  
claimed product could also impact and

vary the degree of purity of the product.

Do you see that?

A. Yes, I do.

Q. So if variations in the

process could have impact the degree of

purity, then --
 

MR. DELAFIELD: Strike that. 
 

  
Q. Deo you know what the
 

variations in the processes were used in

the prior art versus the '393 process?

A. I'm afraid I don't understand

the question.

Q. I'm just trying to understand

the purpose of your paragraph 67 to say

that variations in the process could

impact the purity.

Basically if you change the

process, you would not be able to tell
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what the experimental error is by

comparing two different methods that have

 
different solvents, processes, et cetera,

right?

A. I'm sorry, I don't understand

your guestion at all.

Q. In order to determine the

experimental error between two different 
samples, don't they need to have been

performed or made by the same process?

MR. POLLACK: Objection to

form.

A. I guess I have no idea what

you're talking about. When you ask about

the experimental error in the substance,

prepared by different processes.

I don't understand what you're

Saying.

Q. Let's look at prior art, and

maybe that will help clear it up.

MR. POLLACK: If you are going

to another exhibit, would this be a

good time for a break?

MR. DELAFIELD: Sure.  
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Winkler

THE VIDEOGRAPHER:  
 

12:09 p.m. and we're going off the

record.

 

(A brief recess was

(Winkler Exhibit 7, 

The time is

107

taken.)

 
Excerpt
 

from book entitled,

Chemistry, Second

 

 

[SteadyMed-Exhibit 1008],

for identification,
  THE VIDEOGRAPHER:  
 

12:27 p.m. and we're back on the

record.

Q. Hi, Dr.

handed what's been marked as

which is an excerpt from a book entitled

"Organic Chemistry,

I'm not sure how to pronounce that. It

 
might be Ege.

Do you recognize this

document?

A. I do.

Q. And is this one of the

documents that you relied upon in your

 declaration?

Winkler,

WF

 

whose author is Ege.

"Organic

Edition,"

this date.)

The time is

you've been

Exhibit 7,

marked
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A.

Q.

in the document, I believe you cite this

page and the second full paragraph says,

"Carboxylate acids that have low

solubility in water, such as benzoic

acid, are converted to the water-soluble

salts by reaction with aqueous base."

reference?

A. Oh, I'm sorry. Yes. I'm on

page 8.

Q. And in the second sentence of

the second paragraph says, "Protonation

of the carboxylate anion by a strong acid

regenerates the water-insoluble acid.

These properties of the carboxylic acids

are useful in separating them from

reaction mixtures containing neutral and

basic compounds."

108

Winkler

Yes, it is.

So if you could turn to page 8

 

 

  
Do you see that. 

 Oh, page 8 of the Ege

 

 
Do you see that?

Yes, I do.

Is this what you were citing,
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from this reference, regarding your

opinion on obviousness?

A. Can I take a look at my

report?

QO. Sure, sure.

A. Yes, I'm sorry. Could you ask

the question again, please?

Q. In your declaration you refer

to page 8 of this document, are you

citing the second paragraph that I just

read from your declaration?

A. I think what I'm -- what I'm

citing specifically is that the

 
protonation of the carboxylate anion by a

strong acid regenerates the carboxylic

acid.

Q. And do you agree with the last

 
sentence in that paragraph that states,

"These properties of carboxylic acid are

useful in separating them from reaction

mixtures containing neutral and basic

compounds"?

A. I think that these properties

can be used to separate them from a
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neutral and basic compounds, but the cite

to Ege in my declaration was to the point 
of that protonation of a carboxylate

anion is well-known with strong acid to

regenerate the pure carboxylic acid.

Q. So is it your understanding

that that process would remove

impurities?

A. I think that process can be

used to remove impurities, but the cite

to Ege is specifically for the

 
protonation of the carboxylate anion to

deliver the free acid.

Q. By reacting a carboxylate

anion with a strong acid, is it your

 
opinion that that would remove

impurities?

A. Again, the protonation of the

carboxylate anion specifically with

strong acid would simply regenerate the

carboxylic acid, and that was the point

that I was taking for that data.

Q. Well, I'm not referring to Ege

  
now. I'm just saying in general, is it
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your opinion that reaction of a strong

acid with a carboxylate anion would

remove impurities?

A. It's my opinion -- I'm sorry,

could you repeat the question, please?

 
Q. Is it your opinion that

regenerating the carboxylic acid by

reacting a strong acid with the

carboxylate anion would remove

impurities?

A. No, it is not my opinion that

protonation of a carboxylate by itself

would eliminate impurities.

Q. So you disagree with this last

sentence that states, "These properties

of carboxylate acids are useful in

separating them from reaction mixtures

containing neutral and basic compounds"?

MR. POLLACK: Objection to

form.

A. I do not disagree with that

statement.

Q. So separating neutral and

basic compounds from a reaction mixture,
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is that not considered removing

 
impurities?

MR. POLLACK: Objection to

form.

A. I think that in general terms

separating compounds, separating

 
impurities is a method of purification.

I'm afraid I don't completely

understand your question.

 
Q. So maybe to clarify, if you

could look at paragraph 88 in your 
declaration, you say, "Accordingly, a

person of ordinary skill in the art would

want to perform the treprostinil

 
diethanolamine salt purify it and then

convert it back to its free form in order

to obtain excellent crystallinity and

 
increased purity." Do you see that?

A. Yes, I do.

Q. So converting it back to its

free form involves the reaction with a 
strong acid, correct?

A. That is correct.

Q. And you would do that in order
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to obtain excellent crystallinity and

increased purity, right?

MR. POLLACK: Objection to

form.

A. I think what I say in

paragraph 88, in fact I know what I say,

is that accordingly, a person of ordinary

skill in the art would want to form the

salt, purify it, and then convert it back

 
to its free form, in order to obtain

excellent crystallinity and increased

purity.

Q. So is it your opinion that

 
converting the salt back to the free form

 
carboxylic acid increases its purity?

A. My opinion is that the

protonation after the carboxylate salt in

 
itself does not increase the purity.

 Q. But it is your opinion that it

would be obvious to do that still,

correct?

A. I think what I state in

paragraph 88 is that a person of ordinary

skill would form a salt, purify it, and
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then convert it back to its free form to

 
obtain excellent crystallinity and

purity.

Q. So it's your opinion that the

reaction with the strong acid does

nothing in terms of purity of the

substance; is that correct?

A. I think that the protonation

of the carboxylate salt would not be

expected to increase the purity of the

final product, per se.

Q. So it would be unexpected if

the purity did increase as a result of

that step?

MR. POLLACK: Objection to

form.

A. Well, I think what I say here

 
is that one would form a salt, purify it,

and then convert it back to its free

acid, to obtain excellent crystallinity

and increased purity.

 Q. But you're referencing three

steps to form the salt, purify it and

  
convert it back, and then saying, you do
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that in order to obtain excellent

 
erystallinity and increased purity.

So which of those steps are

performed to obtain excellent

crystallinity and increased purity?

MR. POLLACK: Objection to

form.

A. Could you repeat the question,

please?

Q. Well, in your sentence you

reference three steps, correct? The

first sentence of paragraph 88?

A. I reference the formation of

 
the salt, its purification, and then its

conversion back to the free form, yes.

QO. Yes.

And in that same sentence, you

 
say, you do those three steps to obtain

excellent crystallinity and increased

purity, right?

A. That is correct.

QO. So which of those three steps

are performed to obtain excellent

 
crystallinity and increased purity?
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MR. POLLACK: Objection to

form.

A. Well, the total process

delivers a material with excellent

crystallinity and increased purity.

Q. So you can't say which of

those steps contributes to crystallinity

 
or purity?

MR. POLLACK: Objection to

form.

A. I think that it would be a

 
combination of the steps that would lead

  
to the excellent crystallinity and

increased purity of the final carboxylic

acid.

Q. But you can't say for sure

 
that reacting a salt with a strong acid

would increase its purity; is that

correct?

MR. POLLACK: Objection, form.

A. Sitting here, I'm not certain
 

that the protonation step, the final

 
protonation step in itself would increase

purity, but the protonation step would

116
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deliver the crystalline, the final

 

 
erystalline material.

Q. So with that three-step

process of forming a salt, purifying it

and converting it back to the free acid,

what types of impurities would that

remove?

A. This process of forming which

is, as I mentioned before is standard

practice in organic chemistry, or organic

chemistry 101 as I referred to in

paragraph 3, of forming the carboxylate

salt using an amine, and then purifying

 
that salt, and regenerating the acid 
could eliminate any of a number of

impurities.

 Q. But you don't have an opinion

as to the type of impurity it would

eliminate?

A. IT think there are examples in

the literature of using exactly this kind

of purification process to remove all

different kinds of impurities.

Q. Does the pH of the impurity
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matter in terms of this process and

 whether or not it would be removed?

A. Tt might or might not.

Q. So if you can look back at the

 Ege reference on page 8, the last

sentence of the second paragraph states

 
that "These properties of carboxylic

acids are useful in separating them from

 
the reduction mixtures containing neutral

and basic compounds." And you said you

agreed with that?

A. "These properties of

carboxylic acids are useful in separating

them from reaction mixtures containing

neutral and basic compounds, I agree
 

with that statement, but I don't agree
  

with the limitation of the statement;

that is, I think that the formation of an

amine salt of a carboxylic acid,

purification of said salt, and then the

regeneration of the carboxylic acid could 
be used to separate a carboxylic acid

from any of a number of compounds, not

limited to simply and neutral and basic
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compounds.

Q. So do you have any opinion as

to the type of impurities that are

removed in this process?

MR. POLLACK: Objection to

form.

A. Sitting here I have no opinion

about the types of impurities that are

removed in the '393 process. I simply

know as a function of my experience in

organic chemistry that one can remove 
neutral compounds, one can remove basic

compounds, one can in fact remove other

acidic compounds using the formation of

the amine salts, its purification, and

then the regeneration of the carboxylic

 acid from the salt.
 

THE WITNESS: Excuse me.  
 

 
Q. So if you had a mixture of two

carboxylic acids --

A. Yes.

QO. -- and you formed a salt by

reacting them with a base so that there

is two carboxylic salts as a result, and
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then reacted that same mixture with a

strong acid, both would be converted back

to the free form carboxylic acid,

correct?

A. In the hypothetical that we

took a mixture of two amine carboxylate
    

salts and treated them with acid, I would

expect both of them to revert back to the

 
parent, or the starting carboxylic acid,

that's correct.

QO. Okay.

A. But the fact is that there is 

an extra step here that we're leaving out

and that's the purification of the salt.

At the step at which the salt

purified, there is an opportunity to 
separate undesired compliment

mixture that may or may not be available

  
at the stage of the free acid. And so

that's why the formation of a carboxylate

salt, specifically an amine carboxylate  
salt, and its purification followed by

the regeneration of the parent carboxylic

acid could affect purification of the

120

t is being

ts of the  
 

DAVID FELDMAN WORLDWIDE,INC.
450 Seventh Avenue - Ste 500, New York, NY 10123 1.800.642.1099

P. 120 UT Ex. 2051

SteadyMed v. United Therapeutics
IPR2016-00006

IPR2020-00769

United Therapeutics EX2006
Page 5679 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5680 of 7113

~J

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25

 

 
121

Winkler

carboxylic acid from neutral components,

basic compounds, as well as other acidic

components.

And in fact there are examples

 of such in the literature.
 

  
 

 
 

THE WITNESS: Excuse me.

Q. So if you could turn back to

Exhibit 4 which is the file history of

the '393 patent.

MR. POLLACK: Are we done with

this one?
 

MR. DELAFIELD: Yeah, we're  
 

done.

MR. POLLACK: You can clean up

1£ you need to.
  

MR. DELAFIELD: Yeah.  
 

Q. And if you turn to page 348 of

the file history excerpt, in paragraph 7?

A. Yes.

Q. So paragraph 7 states that

there are eight impurities analyzed for

these samples. Do you see that?

A. Yes, I do.

Q. And it states 1AU90, 2AUS90 and
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3AU90 each of which is a stereoisomer

 
treprostinil. Do you see that?

A. Yes.

Q. So as a stereoisomer of

treprostinil, each of those impurities

are the also carboxylic acid, correct?

A. That is correct.

Q. And then --
 

MR. DELAFIELD: Well, strike  

that.

QO. So in the purification process

you just described, there is no reason

that only certain stereoisomers would be

removed and others not removed, right?

A. No, that's not true.

Q. So are you able to predict

which stereoisomer would not be removed? 
A. I'm not sure that I could

necessarily predict offhand which one

would be removed, but it would be a

standard practice for one of skill in the

art to prepare the ammonium salts of the

carboxylic acids, purify those salts, and 
then see what the composition of or what
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the -- what the impurity levels of these

different materials would be.

 Q. But the fact that this

purification process does not remove all

stereoisomers is not predictable,

correct?

A. Well, I think the point is

that it would be straightforward organic  
chemistry, or organic chemistry 101, to 
prepare salts, crystallize them, and then

 see which would be the most effective at

removing impurities from the starting

treprostinil. n

There are certainly multiple

examples in the literature of peopl
 

preparing the amine salts of carboxylic

acids that contain mixtures of

stereoisomers and crystallizing them to

obtain pure materials.

In other words, to separate

the undesired stereoisomers.
 

 QO. But there is nothing in the 
process you just described that would

explain only why certain stereoisomers
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are removed and while others are not,

correct?

A.

think this would be a straightforward

empirical exercise to determine which

salts would be optimal for the removal of

which stereoisomers. So this wouldn't be

a particularly difficult thing to do.

Q.

can't explain why this process only

removed certain stereoisomers and not

others, correct?

A.

would simply look at the crystallization

of the amine salt or of a series of

different

124

Winkler

Well, again, as I stated, I

 
 

 
 But sitting here today, you

 

MR. POLLACK: Object to form.

I think, as I stated, one

t amine salts and then look at

 
the purit

crystalline ammonium salt before

regenerating the carboxylic acid to

determine which would be the most

effective.

practice

ty profile of the resulting

But it's certainly a standard

in organic chemistry to do so.
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Q. So in paragraph 7 it mentions

there's three stereoisomer impurities,

correct?

A. Yes, it does.

Q. And also two dimers, correct?

A. Yes, it does.

Q. So in the purification steps
 

of reacting the sample with the base to 
form salts, and then reacting with a

strong acid to convert back to the free

acid, all of the --
 

MR. DELAFIELD: Strike that.  
 

Q. Treprostinil and its

stereoisomers and dimers could all he

theoretically transferred back to the

free acids, correct?

A. That is correct, but as I've

already stated, at the step of the

 
ammonium salt formation, of the ammonium

carboxylate formation, I would expect

that that step of purification would be

possible to remove undesired, undesired
 

isomers or dimers of the desired

carboxylic acid.
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THE WITNESS: Excuse me.   
 

QO. It's also possible that an

impurity that is a stereoisomer to

treprostinil could increase as a result

of those steps, correct?

A. It's not obvious to me how an

impurity would increase during the course

 of this attempted purification. Because

I don't see how there would be

interconversion of the stereoisomers

possible under the conditions of the salt

 
formation, and then the regeneration of

the acid.

Q. Well, what would make the

different stereoisomers react differently
 

depending on what salt form is used?

A. Well, it turns out that the

literature, the chemical literature is

replete with examples of the separation

of diastereomer salts and even a

separation of enantiomeric salts using

this process of forming the ammonium
 

carboxylate salt purifying that salt and

then regenerating the acid.

126
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Q. Sitting here today, there is

nothing in the prior art that you know of

that would allow you to predict which

specific stereoisomers would be removed

 
as a result of the process in the '393

patent, correct?

A. I think my understanding of

the scientific literature, of the

chemical literature is such that  
are sufficient examples of the

purification of the carboxylic acids

separating them from diastereomers, from

enantiomers and from other undesired

impurities that I would have a high level

 of confidence that I could form

 
ammonium carboxylate, purify that

then regenerate the acid to obtain a

product, as I state here, with -- in

paragraph 88 with excellent crystallinity

and increased purity. 
 Q. But none of the prior

cited discloses separation of

stereoisomers in treprostinil, correct?

  
A. Well, to reach the opinion

the

127

there

t, and

art you
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that

it's

example of the stereoisomers of

treprostinil specifically, but simply to

show

would know and be familiar with the

formation of the ammonium salt of the

carboxylic acid, its purification, and

then

generate a material that, as I state

here

and increased purity.

subs

reac

prod

had one addition I wanted to make to what

I had said previously.

before I put this away, they actually

describe or admit a Jfrercent

tances involved in a chemical

tion are described as reactants in

128
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I -- that I state in paragraph 88,

not necessarily for me to see an

that as a general rule, one of skill

 
the regeneration of the free acid to

 
, could have excellent crystallinity

 

MR. DELAFIELD: Let's move on  
 

to a different topic.

Q. So generally speaking, the

 
ucts, correct?

A. You know, we were -- I just

In the FDA letter, they --
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Variability, United Therapeutics admits a

MMM percent variability in the assay on  
page 3 of Exhibit -- I can't read -- of

Exhibit 5. 

They go on to describe

essentially what I talked about, that the

purity can't be greater 100 percent, and

therefore, they have a BBpercent

variability in their assay.

I'm sorry, where are we now?

QO. Well, since you brought that

up, so what page were you looking at?

A. So I'm on page 3, Winkler

Exhibit 5. 

Q. Uh-huh.

A. And in the last paragraph it

says, "During the initial analytical

method validation, the results indicated

there is about a i percent variability.

Our spec of JRfto J was centered at

percent purity for the API." So again

 

 
with a Bieercent variability, when the

process for the manufacture was

instituted in Silver Spring, the purity
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went up from a statistical standpoint, a

variability of Bipercent may have result

in -- I don't remember what "OOS" is --

on the high side when the upper limit of

the spec is J percent.

So they're even now going, at
 

least in their treatment of this, going

 
over JJ percent, API cannot have a

purity of greater than 100, so if the API

 
100 percent pure, there must be a

MMlpercent variability in the assay.

So that would suggest to me

that these HPLC assays that they're 
essentially stating that they have a

variability of JJfrercent.

I just wanted to clear that up

based upon what we talked about before. 
Q. So if you look on page 4 of

that same exhibit --

A. Yes.

Q. -- the first full sentence

says, "UT proposes to shift the

specification for the HPLC assay of

treprostinil from to JB centered at
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Winkler

Mito Mo MB centered at JJ due to

improved purity of the API produced in
 

the Silver Spring, and an analytical

variation of PBfpercent in the HPLC assay

method."

A. Yes.

Q. So the fact that it changed

from a J to BJ cercent was not because

of an increase in the experimental error,

it was due to an increase in the purity,

correct?

A. Well, I think they're claiming

increased purity, but I think the

important thing here is that there is a

variation of Jfpercent that they're
  

admitting to in the assay, which means

 
that any number that they're obtaining

 
here is going to necessarily, at least my

interpretation, and I think one of skill

 
would interpret this to mean that the

number that they obtained is going to be

plus or minus J§fpercent.

They certainly are suggesting

greater purity in Silver Spring, but
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Chey're still acknowledging the BBpercent

variation, or Bipercent variability in

the assay.

Q. Now, this is referring to the

specification limits, correct? 
A. Well, I think it's referring

to the HPLC assay numbers which we see

from the spec -- I don't know if they

provide -- they don't provide any raw

data here, but they certainly say that

 
the spec can be as high as || percent.

And so, therefore, they

explain that with a Bpercent variability

in the assay. At least that's the way I

understand this.

Q. So you understand that the

specification is a range of allowable

samples; is that a fair statement?

A. My understanding is that the

specification that they're doing here is 
going to be either a range or a limit.

In the case of the HPLC assay it 
certainly is a range.

Q. And if you look back at page
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Winkler

6, that we were discussing before, in

assay, it changes the specification from

not less than J§forercent to not more than

MMM percent to not less than Jfrercent, 
to not more than i. Do you see that?

A. Yes, I do.

Q. So because this is a

specification, this is simply indicating

what samples are, would pass

specification, correct?

A. Yes. I think -- I'm reading

this in the context of the sentence on

page 3 that says that the results 
indicated P§frercent variability in the 
assay. That's really the most important

sentence in the way I think, in

explaining the variability that can be

observed in these measurements; and

therefore, if you will, the lack of

precision in the assay. At least that's

my interpretation on this statement. And

I think how one of skill would interpret

it.

Q. So for any specification
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submitted to the FDA, there must some

range associated with the each value,

correct?

A. Well, again, I can't speak to

FDA submissions or specifications in

general. I can only look at the one that

is in front of me here. From

chromatographic impurity of the 
impurities, it doesn't really supply a

range, per se, but simply an upper limit.

For the HPLC assay of the purity of the

 
API, it does apply a range, but the range

goes over 100 percent.

Q. So in your declaration, I

believe you mention that there could be

batch-to-batch variation, correct, in 
terms of the making treprostinil?

MR. POLLACK: Where are you

pointing?

MR. DELAFIELD: Well, strike

that.

QO. For the FDA specification, is
  

it possible that these ranges are just an

 
indication of what is acceptable and not
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what 1s experimental error?

A. Well, again I wasn't asked to

opine on FDA specifications,

 
specifically, if you will, but when I see

that an assay range is over 100 percent,

and I know that it's not physically

possible to be over 100 percent, then

that's suggests to me that the range that

is over 100 percent is defining the error

in the measurements that are being. Or

at least the possible, as was stated by

United Therapeutics in the letter on page

  
3, the J§fpercent variability in the

assay. And I think that's really the

 
important thing, or that's the important

thing that I note here.

Q. Okay. Going back to my

question earlier, when you have a

chemical reaction, you have both

reactants in the products, correct? 
A. Chemical reaction classically

is consisting of reactants in products,

correct.

Q. And usually the species
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Winkler

written on the left-hand side of a

reaction arrow are called reactants, 
right?

A. The species on the left are

typically the reactants, that's correct.

 
Q. And the species on the right

are typically called products, correct?

A. And the species on the right

of the arrow are typically called

product, that's correct.

I guess, I'm sorry, the only

thing that I would add to that is that

the products could contain impurities.

In other words, there could be desired

products as well as undesired products in

a chemical reaction of starting material

product formation.

And excuse me, there is one

other thing I would add, which would be

that there could be reagents of some 
kind, that would be added to the reaction

as well.

Q. Okay. But product typically 
refers to what is produced as a result of

136
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the c

resul

again

impur

marke

"Chemistry" textbook authored by a Steven

Zumdahl?

A. Yes.

Q. Do you recognize this

document?

A. I'm trying to remember whether

IT consulted this document in my --

137

Winkler

hemical reaction, right? 
A. The product is typically the 
t of a chemical reaction, right, and

the crude product could be contain

 ities of some kind as well.

  (Winkler Exhibit 8, Excerpt
 

from textbook entitled "Chemistry,"

[UT Exhibit 2011], marked for

   
identification, this date.)

 

Q. You've been handed what's been

das Exhibit 8, I believe.

A. Yes.

Q. Which is an excerpt from a

Q. I don't believe you cited it.

A. Okay.

Q. But --

A. I'm familiar with Zumdahl,
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Winkler

yes.

QO. Sir, if you look on page 4, in

the left column, it says --

A. I'm sorry. Could you just

give me a minute to look at it?

Q. Sure, sure.

A. Thank you. Okay.

Q. So on the left column it lists

the term "Product," do you see that?

A. Yes.

Q. And it says, "a substance

resulting from a chemical reaction"?

A. Yes.

Q. Do you agree with that?

A. Well, as I mentioned, a

 
product typically is a substance

resulting from a chemical reaction. It's

typically shown on the right of the arrow

 
in the equation, but I think when we

think about product or products of a

reaction that could certainly include

multiple products or impurities within

the reaction would be part of the product

of a reaction.
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Q.

the product of the reaction; is that

correct?

A,

anything

reaction

to be part of the product of the

reaction

desired product. It might not or might

not be the final product. It might or

might not be the purified product, but it

I would call all of that "product."

Q.

different

 different

A.

contained different purities, the

products, the desired material, if you

will, is

mixtures, the two mixtures would be

different

purificat

Q.

encompasses impurities, if impurities are

139

Winkler

So purities would be part of

I would certainly think of

that is formed in a chemical

from a given starting material,

. It might or might not be the 

 
And so if two products had

t impurities, then they would be

 
ct products, correct?

Well, if two products

 

the same material, but the

t presumably prior to their

 tion.

But because the product
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Winkler

different, then the products are

different, correct?

A.

whether we're talking about

product reaction before puri

after purification.

Q.

impur it

 
Well, I think tha

So if after purificat

 

  
ties are different, then the

 
product

A.

products different.

that the products are the same.

impurities within the products could be

 
ts would be different, corre

I don't

 
think I would call the

I think I wou

different in different chemical

reactions.

Q.

the product,

then wouldn't that necessarily make the

 

product different?

A. Well, I

-—- is the product.

molecule. If, for

treprostinil, it's

would be the product

think the product is

But if impurities are part of

if impurities are different,

The product is the

example, it wer

 
treprostinil.

regardless of

t depends

the crude

fication or

tion the

The

140

cl?

ld say

€

That
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Winkler

whether there were impurities there or

not.

And so I'm not sure I

completely understand your question.

Q. Well, I think maybe I'm

misunderstanding your answer.

You said the product is the

molecule regardless of whether there are

impurities there or not, but early I

believe you testified the impurities are

part of the product.

 
MR. POLLACK: Objection to

form.

Q. So which is it?

A. I think the impurities are

part of what I call the crude product.

In other words, the product mixture, if

 
you will. And then on purification one

could isolate a pure or relatively pure

product.

Relatively pure, if you will,

final product.

So I'm differentiating between

the crude mixture, which would be
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Winkler

containing the product, which would be

the initially formed reaction, and the 
final purified material.

Q. So if the crude product --
  

MR. DELAFIELD: Strike that.  
 

Q. If one crude product had

different impurities from another crude

product, would they be different

 
products?

A. They would be different

mixtures but they would contain the same

desired product.

 Q. But the products would be

different?

A. The mixtures could be

different. But I don't know that they 

would be different.
 

THE WITNESS: Excuse me.   
 

Q. So as this definition states,

"Product" does refer to the result of a

chemical reaction, correct?

A. The Zumdahl definition here 
states that, or at least the definition

 
in this glossary states that a product is
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Winkler

a substance resulting from a chemical

reaction.

Q. And you agree with that

definition?

A. Well, again, I agree with it

in a sense, but I think it's a little

simplistic, because there could be

multiple, multiple products formed in a

reaction. There can be desired and

undesired products. There can be

impurities. And all of this could be

part of the reaction mixture that results

from any chemical reaction.

Q. So not all chemical

compositions are products, correct?

A. Not all chemical compositions

are products? I'm thinking about that.

I'd have to think about that.

Q. Well, put it another way:

 Product refers to the result of a

chemical reaction and not just the fact

 
that it is a chemical, correct?

A. Well, I think I speak to this

in my report.
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Winkler

Q. Is that part of your report

that you wanted to discuss?

 A. I thought I -- I must be

thinking of something else. I'm sorry.

QO. So going back to product --

A. Yes.

Q. -- the word "product" has a

subset definition to chemical

composition, right?

  
A. Well, the definition of

product in Zumdahl here is clearly a

substance resulting from a chemical 
reaction.

Q. And you agree with that?

A. I think that this is certainly

a definition, but I think that it's

rather broad in not making clear whether

it's the crude product or the final

product, the desired product or the

undesired product.

Q. So if the definition of

 
"oroduct" was just a chemical

 
composition, would you agree with that?

A. If the definition of a product
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Winkler

is simply a chemical composition, I think

 
that certainly is one definition of a

"product," but there are other

definitions obviously, including the one

shown here in Zumdahl.

Q. But a chemical composition can

be a lot more than just a product,

correct?

MR. POLLACK: I am going to

object to form, lack of foundation.

A. I guess hypothetically a

chemical -- I'm sorry, I forgot the

definition you just gave.

Could you repeat it, please? 
Q. Well, let me rephras
 

A reactant can be a chemical 
composition, correct?

A. A reactant can be a chemical

composition, yes.

Q. So chemical composition and

product are not synonymous, correct?
 

A. I think that it's true that a

chemical composition is not necessarily

the same as a product, but could be the
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Winkler

same as a product.

Q. Is it fair to say that the

term "chemical composition" doesn't

indicate whether it's a product or not?

 
A. I think I've just stated a

chemical composition could be a product

or might not be a product.

 Q. But just the term "chemical

composition," from that term alone, you

can't determine whether it's referring to  
a product or a reactant or a reagent,

correct?

A. I think a chemical composition

could include a product or a starting

 
compound or a reagent, among other

things.
 

MR. DELAFIELD: I think we're  
 

almost out of time if we want to

break for lunch.

THE WITNESS: I'm in no hurry

to break. I could keep going.
 

MR. DELAFIELD: We've got five
 

  
minutes left on the tape. 

MR. POLLACK: You want to go

146
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Winkler

the five minutes and then we will

break.
 

MR. DELAFIELD: Sure.  

Actually I need to get other

exhibits, so I think now is a good

time to break.

MR. POLLACK: All right. Why

don't we break.
 

THE VIDEOGRAPHER: The time is   

1:24 p.m. and we're going off the

record.

(Lunch recess taken at 1:24 p.m.)
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(

med

2:2

Dr.

lun

from textbook entitled, "Chemistry,

148

Winkler

ERNOOWN S eal ss ION

Time noted: 2:24 p.m.)

   THE VIDEOGRAPHER: This begins

 la unit number 3. The time is

4 p.m. and we're back on record.
  

MR. DELAFIELD: Welcome back, 
 

Winkler, I hope you had a good

ch.
 

THE WITNESS: Thank you.  

 (Winkler Exhibit 9, Excerpt
 

 
 

 

 

 

The Central Science,” [UT Exhibit

2012], marked for identification,

this date.)

JEFFREY D. WINKLER,

resumed.

EXAMINATION (Cont'd.)

BY MR. DELAFIELD:

Q. So I've handed you what has

been mar

excerpt

entitled

Science,

others.

  

 

  
 

ked as Exhibit 9, which is an

from another chemistry textbook

 
"Chemistry, The Central

 " by Theodore L. Brown and
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A. I don't think so.

Q. Okay. Are you familiar with

this book?

A. No, I am not.

Q. Are you familiar with Brown

and LeMay in terms of being chemistry

authors of textbooks?

A.

Q.

which is

upper left is another definition of

"Product.

A.

Q.

substance produced in a chemical

 
reaction;

arrow in

see that?

A.

Q.

A.

one definition of a product.

Q.

149

Winkler

Have you seen this document?

No, I am not.

Well, if you turn to page 4,

the back, very last page, at the

 
" Do you see that?

Yes, I do.

And it says, "product is a

it appears to the right of the

a chemical equation." Do you

Yes, I do.

And do you agree with that?

I certainly agree that that's

And that's similar to the
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Winkler

definition from the other textbook we

looked at right before lunch, right?

A. IT would have to go back and

look at that.

QO. Oh, that's okay. We can move

on.

(Winkler Exhibit 10, Excerpt

  
from textbook entitled, "Conceptual

Chemistry, Understanding Our World

of Atoms and Molecules," [UT

Exhibit 2014], marked for 

identification, this date.)

Q. I've handed you what's been

 marked as Exhibit 10 which is another

excerpt from another chemistry textbook  
entitled "Conceptual Chemistry,

Understanding Our World of Atoms and

Molecules," authored the by John

Suchocki. Do you recognize this

document?

A. No, I do not.

Q. Tf you look at page 3, about 
the middle of the left column, you see a

definition for "Product"?
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A.

Q.

formed in a chemical reaction appearing

after the arrow in a chemical equation."

Do you agree with that definition?

A.

represents a definition of product.

Q.

A.

"accurate."

Q.

"product"?

A.

possible definition of product, but would

not be the only possible definition of

product.

Q.

the word "product"?

form.

A.

precise definition, no.

Q.

A.

151

Winkler

I do.

And it says, "a new material

I think that certainly

 
Is it an accurate definition?

IT don't know what you mean by

Is that how you use the term

I think that this would be a

 But is this how you would use

MR. POLLACK: Objection to

I don't think I would use this

Why not? 
I don't think I would, I don't
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Winkler

think I would use these exact words for

my definition of product.

QO. Why not?

 A. Because I don't -- I just

don't think I would state it this way.

Q. But you don't have a reason to

disagree with this definition?

A. Well, again, I think it's

limiting, and I think a product could be

 more than what's described in this

definition.

I'm not disagreeing with this

as a definition of product, but I

wouldn't think that this would be the

 
only or exclusive definition.

Q. Are products ever not formed

in a chemical reaction?

A. I think one could say that,

yes.

Q. So you've used the term

product to mean something other than a

substance formed in a chemical reaction?

A. I think one could use product

in a different, in a way different from
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Winkler

that, yes.

QO. Can you think of an example?

A. IT think one could think about

a manufacturing product, for example, and

 
that might not be the product of a

chemical reaction, per se.

Q. Are you referring to the word

"product" not referring to the chemistry

definition of the word?

A. I'm afraid I don't understand

your question.

Q. You said that one example

would be a manufacturing product. Did

you mean in a nonchemistry manner?

MR. POLLACK: Objection to

form.

A. Not in a formal chemistry

Manner, but simply describing the word

"product," a product could have numerous

definitions and numerous meanings in

different contexts.

QO. If you were teaching one of

your chemistry students what a product

is, would this be an acceptable
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Winkler

definition?

A. I don't know that the material

 
formed in the chemical reaction, for

example, would have to be a new material

to qualify as a product by my definition.

Q. Would a substance formed in a

chemical reaction be an acceptable

definition if you're teaching the concept

of a chemical product to a student?

A. Well, I think I've discussed

this question before. "Product" is a

very broad descriptor and so the question

is, is this initially formed product, is

it the final product, is it the crude

 
product? Those are all products, in

 fact. So the definition is rather a

broad one.

The definition that I would

use would be rather a broad one, in the

 
absence of limiting descriptors.

Q. Well, if there were no other

adjectives and you were just defining the

word product, would this --

 MR. DELAFIELD: Scratch that. 
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Winkler

Q. Assuming there are no

 
adjectives defining the word "product,"

would the definition of substance formed

in a chemical reaction be an acceptable 
definition to tell a chemistry student?

A. Well, again, the product of a

chemical reaction would be essentially 
all of the substances that result from

the treatment of a particular reactant

with a particular set of reagents.

(Winkler Exhibit 11, A paper 
entitled, "A Pauson-Khand Approach

to the synthesis of Ingenol,"

marked for identification, this

date.)

Q. I'm handing you what's been

 marked as Exhibit 11, which is a paper

entitled, "A Pauson-Khand Approach to the

synthesis of Ingenol."

MR. DELAFIELD: I'm sorry.

MR. POLLACK: Do you have

another copy?
 

MR. DELAFIELD: Sorry about  

that.
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Q. Do you recognize this

document?

A. Yes, I do.

Q. Are you one of the authors of

this document?

A. I am.

Q. So if you look at the

abstract, the first sentence you state,

"Pauson-Khand cyclization of dioxanone  
photoadduct 21 leads to the formation of

a single product in good yield."

Do you see that?

A. I do see that.

Q. So your use of the word

"product" here is in reference to what

comes after the arrow in that chemical

reaction, correct?

A. That is correct.

Q. And that's the result of the

chemical reaction, correct?

A. I'm sorry, I don't understand

your question.

Q. When you used the word

"oroduct" here, you're referring to the
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Winkler

 
result of the chemical reaction, correct?

A. Yes, I am.

QO. So that's how you have used

the word "product" in at least this

paper, correct?

A. Well, in this paper, what I

state is that "cyclization of the

dioxanone photoadduct 21 leads to the

formation of a single product in good

yield." And so that single product in

fact is the compound that's shown as 22

 in the box above.

Q. Okay. And if you turn to page

1491, in the document, and the first full

sentence on the left column underneath

scheme 6 says, "The structure of 18, the

sulfone derived from 17, was confirmed by

X-ray crystallographic analysis" --
 

  
 

MR. DELAFIELD: Actually,

strike that.

Q. The next sentence says,

 
"Heating sulfoxide photoadduct 17 to

160 degrees celsius in quinoline led to

the formation of the desired methylene
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Winkler

photoadduct 11, the formal product of

[2+2] cycloaddition of 10 (Scheme 4) in

good yield."

Do you see that?

A. Heating sulfoxide 17 led to

the formation of -- two plus two -- yes,

 I do see that.

Q. So in that sentence when you

use the word "product," you're referring 
to the substance that forms in the

chemical reaction, right?

A. Well, what I'm referring to

here is that 11, structure 11 is the

formal product that would result from two  
plus two cycloaddition of ten, the

 structure which is shown in scheme 4.

Q. And so the product is what 
results from the cycloaddition, correct?

A. Well, it's not actually true,

 
because 10 does not undergo -- IT think in

this paper, we explain that at ten does

not undergo the cycloaddition, and so

instead, I refer compound 11 as the

 
formal product of cycloaddition, and that
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Winkler

is that is the compound that would have

been obtained had chem undergone

cycloaddition.

And that's why I refer to it

as a "formal product."

So in fact 11 in this

particular case never results from

compound ten.

So that would be an example of

-- of the vagaries, I guess, of the use

of the word "product," because in this

 
particular case, from my own, my own

research work, you can see that I've

characterized the compound as a product,

 when in fact it does not result from the

reaction of the starting compound,

 
because it is in fact, in this case, a

formal product.

Q. But here you use the word 
"sroduct"™ in the hypothetical sense as

the result of the cycloaddition of 10; is

that fair to say?
 

MR. DELAFIELD: Strike that.  

 
Q. You wouldn't say the formal
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Winkler

reactant of two plus two cycloaddition of

 
10, correct?

A. Well, I think the formal

  
reactant in the two plus two

cycloaddition would be compound 10.

But in fact compound 10 does

not undergo -- excuse me --

cycloaddition.

Q. But that would be different 

than the formal product of two plus two

 
cycloaddition of 10, correct?

A. I’m sorry, could you repeat

the question?

Q. You said that the formal

reactants of two plus two cycloaddition

of ten would be ten, right?

A. That is correct.   
Q. That's different than the

formal product of two plus two

cycloaddition of ten, correct?

 
A. The formal product of ten,

right, is different from ten, that's

certainly correct. But it underscores 
the idea that in this particular context,
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Winkler

the product does not result from the

starting tip.

 Q. But the word "product" is just

used to indicate had cycloaddition of ten 
worked, that would have been the result;

is that fair to say?

I mean that's why you're using

the word "product" as opposed to

"reactant" as opposed to "chemical"?

A. Well, I don't know that the

cycloaddition of ten would give 11,
  

because it never it never transpired.

 But I describe in this paper 11 as the

formal product of cycloaddition of ten,

 
because that was the product that I 
anticipated would be formed if ten had

been able to undergo reaction, which it

could not, and in fact, that is really

much of what the paper is describing,

that, that chemistry.

Q. So let's look back at the '393

 patent, which is Exhibit 3. If you look

at claim 1, this is on column 17.

A. Column 17, okay.
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Winkler

Q. And claim 1 says, "A product

comprising a compound of formula I or a 
pharmaceutically acceptable salts

thereof, wherein said product is prepared

by a process." Do you see that?

A. Yes.

Q. So when it says, "A product

comprising a compound formula I or a

pharmaceutically acceptable salt

thereof," is it your opinion that product

 
includes any amount of impurities?

A. I think I addressed this

question in my report. I guess it's not

here. I must have read it somewhere

else.

 But my understanding is that

 
the term "comprising" when added into the

Claim indicates that this describes the

product comprising of formula compound I

 
means that it includes the compound of

formula I but can include other materials

as well.

Q. Okay. But you don't offer any

opinions regarding how the claim should
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Winkler

be construed, correct?

A. No. My understanding simply

of what comprising means in the context

 of the claim is that it would include the

 
product of, the compound of formula I,

and the possibility of other things being

 
there, such as impurities. That is my

opinion.

Q. And similarly you weren't

asked to apply certain claim

constructions to your opinion, correct?
  MR. DELAFIELD: Strike that.  
 

Q. Your declaration does not

contain any specific claim constructions

with respect to the claim terms, correct?

A. I don't think so, but I would

have to check.

Q. Well, when you just checked

your declaration, were you checking for

claim constructions?

A. I simply looked for a

"
discussion of "comprising," which I know

I have seen some of the documents and

thought was in my report, but -- I'm
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Winkler

sorry, in my declaration, but was not.

 But my understanding of the

common usage of "comprising" here is that

we -- include the compound the formula I 
and other things, or at least it would

allow the possibility for other things,

including impurities being met.

Q. So then the term product --

  MR. DELAFIEFLD: Strike that.  

 
(Winkler Exhibit 12, Patent 

application WO 2005/007081,

[SteadyMed - Exhibit 1005], marked 

for identification, this date.)

Q. Sir, you've been handed what

 has been marked Exhibit 12, which is a

patent application WO 2005/007081, which

we refer to as the Phares application.

Do you recognize this document?

A. Yes.

Q. And this is one of the

documents that you rely upon in your

 
declaration, correct?

A. Yes, it is.

Q. So if you keep that open and
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Winkler

 
if you could also look at your

declaration.

So in your declaration, if you

look at paragraph 48 --

A. Yes.

Q. —-- you state, "Phares

inherently discloses the same synthesis 
of treprostinil as set forth in the

 
independent claims, Claims 1 and 9, of

the '393 patent. "

And then at the bottom of that

paragraph you say, "Accordingly, Phares

inherently anticipates both independent

of Claims 1 & 9."

Do you see that?

A. Yes, I do.

Q. Sir, what do you mean by

"inherently anticipates"?

A. So what I mean by "inherently

anticipates" in paragraph 48 is that what

Phares describes on pages 41 and 42 --

actually starting -- excuse me --
  

starting at the bottom of 39, Phares

 
teaches that minus treprostinil, which is
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Winkler

the enantiomer of treprostinil, can be

synthesized as follows, and then shows a

synthetic re, which is quite similar to 
that shown in the Moriarty teaching, but

this one delivers compound 2, which is

the enantiomer of treprostinil, that is

treprostinil minus.

And the point is that at the

top of, in the middle of 39, it teaches

that enantiomers can be synthesized using

reagents and synthons of an enantiomeric

chirality, which is to say that my

opinion is that the scheme on page 40

teaches inherently anticipates the

synthesis of the plus treprostinil.

Q. So I'm not clear about what is

  
inherent about the disclosure you just

described.

So why is it your opinion this

inherently anticipates as opposed to just

anticipates?

A. Well, I guess it's a

 
subjective question of whether it

anticipates inherently or expressly, but
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Winkler

the reason I use the word "inherently"

here is that the actual synthetic route

that is shown on page 40 is for the

 
synthesis of the enantiomer of the

desired product, of the API.

But certainly one of skill and

myself could look at this and see that

one could use this information that's

included on page 40 here to prepare

either the enantiomer, the minus

compound, as shown or could also be used

to prepare the plus compound.

It does not show the plus

compound, the synthesis of the plus

compound explicitly, although it

certainly shows compounds derived from

the plus compound in the teachings of the

patent.

 But I say that there is

inherent anticipation because one of 
skill would understand that the synthesis

of the plus enantiomer is, if you will,

anticipated by the chemistry that is

shown on page 40.
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Q.

doesn't explicitly disclose the synthesis

of treprostinil, correct?

A.

tru

168

Winkler

So the Phares reference

  
  

Well, that's not actually
 

The Phares referenc xplicitly
 

discloses the synthesis of minus

treprostinil, and explains that one of

skill -- I'm sorry. It explains that

enantiomers could be synthesized using

reagents and synthons of enantiomeric

chirality.

the teaching on page 40 is the synthesis

of the

enantiomer of treprostinil.

Q.

synthesis of plus treprostinil is not

explicitly disclosed in Phares, correct?

form, and asked and answered.

A.

that,

look at

page 40 and the information that is given

that is that one of skill would

 

So inherently or implicit in

plus or, if you will, desired 
As written, the exact

 

MR. POLLACK: Objection to

I think I've already answered

  
t the route that is provided on
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Winkler

on page 39 about being able to prepare

either an enantiomer and use this

teaching as, to inherently, if you will,

understand that one could prepare either

 
plus or minus treprostinil using the

route that is shown here.

Q. So is it your opinion that it

is explicitly disclosed or not?

A. IT think what my opinion is on

paragraph 48 that is that Phares

inherently anticipates the claim because

it shows the synthesis of treprostinil,

 
it happens to show the synthesis of the

minus compound, but one of skill could

use essentially the same route to make

the plus compound.

Q. And you used the word

"inherently," because the plus compound

synthesis is not explicitly disclosed in

Phares?

A. I use "inherently anticipates"

 
because it is the synthesis of the minus

 
compound that is explicitly shown on page

40.
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Winkler

Q. Okay.

 A. But again, implicit in the 
disclosure on page 40 would be the

synthesis of the plus compound as well.

QO. So is it your opinion that a

person of ordinary skill would need to 
experiment based on this disclosure to

get to treprostinil because it's not

 
explicitly disclosed?

MR. POLLACK: Objection to

form.

A. Well, my opinion is that the

Phares patent on page 40 teaches the

synthesis of the minus treprostinil and

teaches by the information on page 39,

that the enantiomer of the compound could

be synthesized, using, if you will,

enantiomeric starting compounds.
 

THE WITNESS: Excuse me.   
 

 
Q. There are several different

synthetic routes to make treprostinil; is

 that correct?

A. I have seen more than one

synthetic route for the preparation of
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treprostinil, that is correct.

Q. And Phares lists several of

those in the document, correct?

MR. POLLACK: Objection to

form.

A. I don't remember. I'd have to

look.

Q. Tf you look at page 99?

A. I'm sorry, 99 on Bates or 99 

on the document?

 
Q. On Bates.

A. Okay.

Q. You cite this in your

declaration as disclosing treprostinil

 
diethanolamine salt, and that's at

paragraph 51, if you want to look at

that. Is that accurate?

A. Yes.

 
 

Q. But the Phares reference does

not disclose the full synthesis of how

that's made, correct?

MR. POLLACK: Objection to

form.

A. Well, actually I think that it
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does disclose how that compound is made.

In fact, it teaches on page 22, page 24   Bates, it teaches that treprostinil

diethanolamine UT-15C is prepared by

dissolving treprostinil acid acid -- I

assume that's mistake. It should be acid

once -- "is dissolved in a one-to-one

molar ratio mixture of ethanol: Water and

the diethanolamine is added and

 dissolved. The solution is heated and

acetone is added as an antisolvent during

cooling."

So the synthesis of the

compound of claim 1 with the structure

shown in 49 is described on page 24,

 Bates, of the Phares reference.

Q. And on that same page though

 
where it says the treprostinil acid is

dissolved, it doesn't indicate the source

of that treprostinil acid?

A. It does not give us a cite to

where in the patent the treprostinil acid

comes from, but as we've already

discussed, beginning the fact that the
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synthetic route is shown on -- synthetic

  route is shown on page 42 of the Bates,

the presumption that I made, and I think

that one of skill would make is that this

would be this route or the corresponding

 
route that would lead to the preparation

 
of the pulse treprostinil that would be

 
used to prepare the compound that's

discussed on page 24 of the reference.

 Q. But as you mentioned earlier,

the actual synthesis for plus

treprostinil is not explicitly disclosed

in Phares, right?

A. T think it's not explicitly

shown, but it would certainly be apparent

to one of skill and to myself that if one

knows how to make the enantiomer, given

the teaching on page 39 of the document,

 page 41 Bates, enantiomers of these

compounds can be synthesized using

reagents and synthons of enantiomeric 
chirality of the above reagents,

certainly implicit in that statement is

 
that the enantiomers of these compound,
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in other words, the enantiomer of minus

 
treprostinil can be prepared in the same

manner.

Q. If you look at page 11 in the

 Phares document, Bates page 11 --

A. Yes.

Q. -- at the bottom of the second

paragraph, it says, "compounds of the

present invention can also be provided by

modifying the compounds found, U.S.

Patent numbers 4,306,075 and 5,153,222 in

like manner.

Do you see that?

A. Yes, I do.

Q. Do you recall reviewing either

of those patents?

A. I don't remember those numbers

offhand.

Q. So if treprostinil was made by

a different process, and then subjected

to form the diethanolamine salt, it could

 
have a different impurity profile,

correct?

A. I think the sort, the

174
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different synthetic procedures could lead

to different impurity profiles, but

again, my conclusion from reading Phares

is that the material that's described on

page 24 was prepared according to the

synthetic scheme that is shown on page 42

Bates.

I think that would be the

logical conclusion that one of skill  
would draw, and certainly what I

concluded from reading Phares.

 Q. But there is nothing in this

document that says that is how they

 
prepared treprostinil, correct?

MR. POLLACK: Objection to

form.

A. I think the point is that if

 
they go about showing a synthesis of

treprostinil and they show subsequent

chemistry of treprostinil, the opinion of

one of skill, and certainly my opinion is

that they would have use the 
treprostinil, the synthesis of which is

described in the patent to make these
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other compounds.

 
Q. But as you said, the synthesis

of the plus treprostinil isn't explicitly

disclosed. It's only mentioned as a

possibility from enantiomer, correct?

A. Well, I think --

MR. POLLACK: Objection to

form. You can answer. Asked and

answered. You can answer.

A. I think it would be obvious to

one of skill having outlined the

synthesis, the explicit synthesis of the

enantiomer and acknowledging that one can

prepare either of the two enantiomers

 
depending on the chirality of the

starting material, it would be obvious to 
one of skill that one could prepare plus 
treprostinil from the information that is

 
given in the patent.

Q. Is there a difference between

inherent anticipation and obviousness?

MR. POLLACK: Objection to 
form, lack of foundation.

A. So I think I discussed this in
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my report. I discussed the legal

concepts that were explained to me in

paragraph 16.

 Excuse Ine.

I state that counsel explained

to me that the law recognizes

anticipation in which a single prior art

reference must disclose each and every

element of a claim either expressly or

inherently to anticipate the claim and

render it invalid. And then I understand

on paragraph 18 that obviousness, a

patent claim is invalid for obviousness  
if the differences between the subject

 
matter sought to be patented and the

prior art are such that the subject

matter as a whole would have been obvious

to a person of ordinary skill in the art

at the time of invention. For, I

 
understand, I go on to say, I understand

that for a single reference or a

combination of references to render the

claimed inventions obvious a person of

ordinary skill in the art must have been
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able to arrive at the claims by modifying

or combining the applied references.

see it.

that the treprostinil diethanolamine

disclosed in Phares would have been

obvious based on the description of how

you could make the enantiomer?

in my declaration is that Phares

inherently anticipates the claim and then

I go on to say that under obviousness

that the combination of Moriarty with

Phares or Kawakami would have made the

"393 obvious.

disclose any specific impurities in

treprostinil or treprostinil

diethanolamine, correct?

disclose the impurities, but it does in

fact

that 

A. I think what I said in my --

178

Winkler

So that's the difference as I

Q. So then is it your opinion

Q. The Phares reference doesn't
 

 
A. The Phares teaching does not

disclose the purity in the sense

we have the melting point by DSC by
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differential, D-1I-F-F-E-R-E-N-T-I-A-L,

scanning,

 
 

 
S-C-A-N-N-I-N-G, calorimetry

C-A-L-O-R-I --

have

A.

 

THE WITNESS: You're going to 
 

to do that one yourself. 
Calorimetry that the melting

point of the form B material that was
 

obtained suggests based on the other    information that I've seen that the

material was quite pure.

Q.  But Phares doesn't disclose

any specific impurities, correct?

A. Phares does -- I don't

think -- I would to check through, but I

don't think that Phares discloses

 
impurities, per se.

 

Q. And in terms of --

A. But does show -- excuse me —--

but does this show this sharp melting

 form B mat  
terial that suggests something

of quite high purity.

 
QO. In terms of the level of

purity, it doesn't disclose a number for

that purity other than melting point,

179
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correct?

A. I don't remember, but I think

that's true.

Q. Now, you mentioned the --

A. I would have to check.

Q. If you turn to page 91 of

Phares, it says on the first full

 paragraph, "The thermal data for form B 
as shown in figure 21, the DSC thermogram 
shows a single endotherm at 107 degrees

celsius that is consistent with a melting

event."

Is that the melting point that

you referred to?

A. Yes, it is.

Q. So if we turn to figure 1,

that's on page 121?

A. Yes.

Q. And it shows the melting point

of 107.06; is that correct?

 A. That is correct. 
QO. And the substance starts to

melt when that peak starts to go down and

basically stops melting once the peak
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goes back up; is that a fair

characterization of what that peak means?

MR. POLLACK: Objection to

form.

A. I think that's right but I

would have to check.

Q. Are you not sure what this

graph represents?

A. Well, I know that this graph

represents the DSC thermogram of the

sample.

Q. So if you look at that peak in

 
the temperature range at the bottom, it

looks as though the peak starts at a

little above 100 and stops at the next 
mark, which I guess is 110 or 115, based 
on the scale.

Do you see that?

A. It's hard for me to eyeball

exactly where it starts and where it

stops.

 QO. But would you agree that it

starts to melt close to 100?

MR. POLLACK: Objection to
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form.

A. I think you can certainly see

a change in the thermogram starting at

about 100 degrees.

QO. And then the peak ends close

to 110?

A. I think that's about right.

Q. So that indicates a melting

range of approximately 10 degrees; is

that right?

MR. POLLACK: Objection to

form.

A. I don't think that's how --

how DSC is typically interpreted, 
because, for example, if you look at

figure 18 and look at the -- the

thermogram for the form A, what you see

is a similar, relatively similar range in

terms of the width at the top of the

 
scan. But in fact you see a very

different, sharp minimum at 103 degrees.
  

And so I think that these thermograms are

taken to be quite accurate descriptors of 
melting temperature and you can see in
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fact, even though the wide part of the

thermogram is roughly comparable, I would

say, in figure 18 and figure 21, we see

very sharp minima with very different

numbers, and so that's why I'm quite

comfortable relying on figure 21 as

expressing a melting temperature of

107 degrees.

Q. So you referred to figure 18

as form A -- excuse me -- the

treprostinil diethanolamine; is that

right?

A. Correct.

Q. And there is little hash marks

to the left and right of the peak at

87.81 degrees celsius and 112.09 degrees

 

celsius. Do you see that?

A. Yes. Excuse me.

Q. And so doesn't that indicate

 
the start and stop of the melting range

for form A?

MR. POLLACK: Objection to

form.

A. I’m not sure exactly what the
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Significance is of the 87.81 and the
 

112.09. I think the thing that I focused

on was the rather dramatic difference

between 103 sharp peak and the 107 sharp

peak in figures 18 and 21 respectively.

Q. But you relied on this

information as a proxy for the purity of

the treprostinil diethanolamine, right?

  A. I did in the context of the

   
103 number, and 107 number that I see

clearly as at the bottom of the sharp

peaks that we see for the thermograms for

 these two substances.

Q. So sitting here today, you

can't say whether the beginning of the

peak on the left side is when the sample

 started to melt?

A. I think what I -- what I

really mean to say here is that I don't

 
know sitting here -- I can't remember

Sitting here today whether -- what the

significance is of the 87.81 and 112.09
 

in figure 18 relative to the information

that is imparted by the sharpness of the
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peak at 103, and it's the difference

between the sharpness of the peak at 103

in figure 18, and the sharpness of the 
peak at 107 in figure 21 that I use to

 
conclude that the purity of the form B

 that was obtained in Phares was such that

a 107-degree melting point was obtained.

 Q. But looking at figure 21, the

peak at its base is approximately

10 degrees across, right?

 
A. Well, I don't know what you

mean by -- by the "base."

Q. When the peak starts to form

and then when the peak stops on the other
 

side.

A. Yes, there appears to be a

range there of what could be about

10 degrees.

Q. And sitting here today, you

can't say whether or not that indicates 
when it starts and stops melting?

A. I don't remember.

Q. This is a graph of heat flow

versus temperature, right?
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A. That's correct.

QO. And as the temperature rises,
 

it starts to melt and then degrade, or

decompose after a certain temperature; is

that fair to say?

A. I don't know whether it's

decomposing or simply melting.

Q. So at 107 degrees you don't

know if that is a melting point or a

decomposition point?

A. No. In other words, I said

 
that this is the melting point at 107

 

degrees. I thought you said that it   
decomposed, and I'm not sure that it

undergoes decomposition at its melting

temperature.

Q. Isn't it true that the peak is

caused by the fact that melting is

endothermic which causes a reduction in

heat flow as the temperature rises?

A. That is my understanding, yes.

QO. And so when the melting 
starts, the endothermic reaction starts

which causes the speak to start to form,

186
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right?

MR. POLLACK: Objection to

form.

A. I'm afraid I don't understand

your question.

Q. So I guess I just want to

clarify, sitting here today, you don't

know whether the base of that peak at the

top of the graph indicates the melting

range or not?

A. I don't remember. I would

have to check.

Q. If the melting range were 
10 degrees, that would not be a very pure

sample, correct?

MR. POLLACK: Objection to

form.

A. You see the point is that, I

have to go back and check, but from what

IT remember, the range that's observed

above there in DSC does not directly

correlate to the degree range that one

typically sees on recording a melting

point on a hot plate apparatus. So the
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width there that you see is not

 
necessarily the same thing that I would

expect to see if I were recording a

melting point with a melting point

apparatus.

Q. Do you know if a melting point

apparatus is more accurate than a DSC?

A. My understanding is that a DSC

is more accurate for obtaining the number 
of 107.06 that we see there, but again, I

would have to go back and check to see

what the significance is of the width of

the peak that you're describing.

Q. So sitting here today, you

 
can't say for certain how pure the sample

 
is, correct?

A. Well, sitting here today, what

I can say is that the DSC shows a melting

temperature of 107 degrees, and when I

compare that 107 degrees melting point of

 the form B material to the information in

the '393, I conclude that this material

is, at least it's pure, if not more pure

 than the material obtained in the '393.

188

 
 

DAVID FELDMAN WORLDWIDE,INC.
450 Seventh Avenue - Ste 500, New York, NY 10123 1.800.642.1099

P. 188 UT Ex. 2051

SteadyMed v. United Therapeutics
IPR2016-00006

IPR2020-00769

United Therapeutics EX2006
Page 5747 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5748 of 7113

~J

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25

 

 
189

Winkler

Q. But other than statement you 
don't know any other evidence to support

that, correct?

A. I think the evidence that I

 
have to support that is the melting

temperature of 107 degrees that is clear

from -- to me from figure 21 for the form

 B material.

Q. Is it fair to say that a more

narrow melting point range is more pure

than a broad melting point range?

  
A. When those melting points are

obtained with a melting point machine,

typically what one does is to correlate

the tightness of the melting point range

 
to the purity of the material.

 But -- excuse me -- in the

case of the DSC measurement, I don't know
 

what the significance -- I don't remember

  
what the significance is of the distance 
at the top of the peak.

QO. So you don't know the melting

point range for this sample, correct?

 A. No. All I know is that the
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DSC is showing a melting point of

107 degrees.

Which is higher than the

melting points that were described in the

"393 for the same material.

Q. And based on Phares, there is

no specific level of purity disclosed for

the material, correct?

A. Well, the primary measure of

purity in Phares in my opinion is the

 107-degree melting point for the form B

material, which is, as I mentioned

before, is higher than the melting point

that is described in the '393 for the

 form B material.

From that I would conclude

that the material here is at least as

pure if not more pure than the material 
described in the '393 patent.

QO. Phares does not disclose a

specific level of purity. You're only

basing your analysis on the DSC, correct?

A. IT don't remember any other

description of purity in the -- in Phares
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other than this melting point. But given

two samples of the same polymorphic

material, if one is higher melting than

the other, I would assume that that

compound would be the purer.

I would note, I would really

know that that compound would be the

purer. I can't think of any examples

where two samples of the same material

and the same polymorph where the lower

melting material would be more pure.
 

In my experience, the higher

the melting material is the more pure.

Q. And two samples --
 

MR. DELAFIELD: Strike that.  
 

Q. If one sample had a high

melting point impurity and it -- as

opposed to another sample that did not

have high melting point impurity, is it

 
possible to have a higher melting point

even if the overall purity is lower?

A. So it turns out that the way

melting point depression works is that

even if the additive or the impurity has
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a higher melting point itself, what it

tends to do is to disrupt or disorganize

the crystal structure of the -- of the

primary component, to such an extent that

ironically, even though it has a higher 
melting point by itself it can reduce and

typically does reduce the melting point

of the primary material.

So typically impurities do

lower melting point.

 Q. But you're not aware of any

evidence in this case that that is

necessarily true for treprostinil or

treprostinil diethanolamine, correct?

MR. POLLACK: Objection to

form.

A. I'm sorry, I don't understand

your question.

Q. You didn't cite any documents

or prior art that showed that a higher

melting point was a higher purity with

regard to the treprostinil or

 
treprostinil diethanolamine, correct?

MR. POLLACK: Objection to
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form.

A. I think that's a general

teaching for one of

understand that the

point -- it may even be cited in some of

the references that

these general textbooks, but I'm not

 positive. But in certainly any organic

chemistry textbook,

the higher melting point the purer the

sample is.

Assuming, of course, the same

polymorph.

(Winkler

Journal of Organic Chemistry paper

entitled, "The

Asymmetric Pauson-Khand Cyclization

as a Novel and

Stereoselectiv

193

skill would

higher the melting

I supplied in some of

 
it would explain that

 Exhibit 13, copy of a

Intramolecular

General

 Route to Benziden
 

Prostacyclins:

(Treprostinil)

1004], marked for identification,

this date.)

THE WITN 

Synthesis of UT-15

 
," [SteadyMed-Exhibit

 
 

ESS: Thank you.
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Q. You've been handed what's has

 been marked Exhibit 13 which is a copy of

a Journal of Organic Chemistry paper

entitled, "The intramolecular Asymmetric

Pauson-Khand Cyclization as a Novel and

General Stereoselective Route to

Benzidene Prostacyclins: Synthesis of

 
UT-15 (Treprostinil)."

Do you recognize this

document?

A. Yes, I do.

Q. And is this one of the

documents that you relied upon in your

 declaration?

A. Yes, it is.

QO. So if you turn to page 13,

 
which is the last page in the document,

and at the bottom of the left column it

 
begins the final step in the synthesis

for UT-15 compound 7. Do you see that?

On the very last page?

A. I'm sorry, could you repeat

that, please?

Q. Yes. If you could turn to the
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very last page, 13?

A. Yes.

Q. And at the bottom of the left

 
column, starts, the final step for the

synthesis of UT-15?

A. Yes.

Q. Do you see that?

A. Yes, I do.

Q. And that continues on to the

next column and at the bottom of the

right column, right above

"Acknowledgment," it says -- let's see. 
Purity 99.7 percent, I think you cite

that number in your declaration?

A. Yes, I do.

Q. Now, do you know if that

 number refers to the total related

 
impurities or the assay?

A. Well, the way it's described

here, I think one of skill would assume,

as I did, that this refers to the assay.

QO. Is there anything discussing

the assay here?

A. No, there is not.
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Q. So it could be the total

 
related impurities, correct?

MR. POLLACK: Objection to

form.

A. Again, my assumption in

reading this is that this is an assay for

the treprostinil itself.

Q. But earlier today we saw

 
several documents discussing the purity

of the treprostinil in terms of the total

related substances, correct?

A. Yes, we did.

Q. And so if one number is

reporting total related substances and

another is reporting assay, you can't

really compare those numbers, right?

A. Well, I don't think that's

true. I think what I can certainly

compare here is that when I look at the

99.7, especially given the fact that

 there is no discussion of related

impurities, I would presume here that

this 99.7 refers to an HPLC assay of the

 
treprostinil. I think that's what one of
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the skill would assume here.

 QO. But there is also no

discussion of assay, correct?

A. Excuse me.

 
MR. POLLACK: Objection to

form. You can answer.

A. There is no discussion, I

don't think that there is any discussion

 
in the text of the assay conditions for

 the method that was used to establish

purity.

So I assume it's just the area

under of the curve for the treprostinil.

Q. So you assume it's that but

you're not sure, right?

A. Well, like I said, in reading

this, I would read this an HPLC assay.

 (Winkler Exhibit 14, Japanese

Patent Application 56-122328,

 
[SteadyMed-Exhibit 1007], marked

for identification, this date.)

Q. You've been handed what's been

 marked as Exhibit 14, which is a Japanese

patent application 56-122328, which is
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referred to as the Kawakami reference.

Do you recognize this

document?

A. Yes, I do.

Q. And is this a document that

you relied on in your declaration?

A. Yes, it is.

Q. If you turn to page 4, at the

top it says, "This reaction has an

excellent yield but has a serious

drawback of typically producing an

unnecessary 7Z isomer as a byproduct,”

and then it cites a paper. Do you see

that?

A. Yes, I do.

Q. And then it goes on to say,

"Tn addition, the properties of the two

 are extremely similar for 7E, and 0.17

for 74; making separation and

purification very difficult." Do you see

that?

A. Yes, I do.

Q. Do you agree that it's

typically difficult to separate and
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purify isomers?

A. I think that very much depends

on the isomers.

Q. With respect to the

prostacyclin and prostaglandin isomers?

A. I think it would be difficult

for me make that kind of broad

generalization. I think sometimes it's

very difficult and sometimes it's quite

straightforward.

QO. With respect to prostacyclin

and prostaglandin --

 A. Excuse me.

Q. -- isomers it's your opinion

that it can be easy or it can be hard

basically?

A. I think it depends on the

isomers in question.

Q. It goes on to say that, "Also,

the melting point of this compound is

fairly low and crystallization is

therefore severely impeded by the

admixing of trace impurities." Do you

see that?
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A. Yes, I do.

Q. So essentially it's saying 
that even trace impurities can greatly

affect the outcome of the --
 

MR. DELAFIELD: Strike that.  
 

Q. It's saying that even trace

impurities can affect the overall purity

in terms of crystallization, right?

A. IT think what it's saying is

that the crystallization is severely

impeded by the admixing of trace

 
   
 

impurities. That's how I read this.

THE WITNESS: Excuse me.

QO. So in some cases even trace

impurities can be important to analyze

and remove, correct?

A. I'm sorry, could you repeat

that please?

Q. So in some cases even trace

impurities need to be removed, correct?

A. I think all this teaches me is

trace impurities can impede

erystallization, in some cases, including

the case that's shown here. That's the
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conclusion that I think a person of skill

or a I, myself, would reach here.
 

THE WITNESS: Excuse me.   

 

MR. DELAFIELD: Bless you.   
 

QO. So this paper doesn't disclose

treprostinil, correct?

A. Well, this paper describes a

methanoprostacyclin derivative. So in

other words, it's a compound that is

replated to treprostinil.

 Q. But none of the compounds have

the three-ring structure that's formed

 
treprostinil, correct?

A. None of the compounds in this

 
paper or in this patent I think -- that's

actually not true.

There are some compounds that

are described in this patent that have as

many as five rings.

But the compound that is shown

in the -- in this scheme, compounds two

and two prime, I think has shown each

have two rings.

Some of the compounds under
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formula I, for example, on page 5 can

have five rings, as I count them,

depending on the nature of R-1.

Q. So let me rephrase.

None of the compounds

disclosed in this paper has three fused

rings; is that more accurate?

A. I think it is true that none

of the compounds have three fused rings,

although I should say add that the notion

 
of taking carboxylic acid, preparing the 
amine salt as a purification technique

and then regenerating the acid is not

 
something that I would necessarily think

would be dependent on the number of rings

in the structure in terms of its

efficacy, because I've seen this

procedure used on any of a number of

compounds with any of a number of

different rings.

 Q. But you agree that the paper

doesn't disclose any structures of three

fused rings, correct?

 A. Excuse me. I agree that the
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paper does not disclose any structures

with three fused rings.

Q. Now, the separation procedure

 
described is in reference to separating 4

—

and E isomers, correct? 

A. That is correct.

Q. And it's not in reference to

separating stereoisomers, correct?

 
 

A. That is not correct.

Q. Why is that?

A. Because enantiomers are

stereoisomers.

Q. Stereoisomers require a chiral

center, correct?

A. No, that is not true.

QO. So this paper does not include

separation of diastereomers, correct?

A. Actually compound 2 and

compound 2 prime by the definition that I

use in teaching stereochemistry, and that

I've been using for, for over 30 years,

two and two prime are in fact

diastereomeric compounds.

Q. Do two and two prime have
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different chiral centers?

A. Two and two prime do not have

different chiral centers or different

 
stereo centers is the terminology that we

typically use now.

Q. So to clarify, this paper

doesn't describe the separation of

compounds with different stereo centers, 
correct?

A. The paper does not describe

the separation of compounds with

different stereo centers, but it does

describe the separation of

diastereoisomers or stereoisomers, more

general.

Q. And the only difference there is whether it's EB or Z at the double bond

at the top of the ring, correct?

 A. That is correct.

MR. POLLACK: Would this be a

good time for a break?
 

MR. DELAFIELD: Getting close.  
 

 
So just a little bit longer.

  
 

THE WITNESS: A break would be
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break?

over an hour anda half.

3:48 p.m. and we're off the record.

(A brief recess was taken.)

THE VIDEOGRAPHER: This begins

media unit number 4. The time is

4:03 p.m., and we're back on the

record.

Q. I just have a couple more

guestions. If you could turn back to

your CV, Exhibit 1.

A.

Yep.

Q.

curious what is the "Philadelphia Organic

Chemists Club"?

A.

Chemist

chemist

205
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MR. POLLACK: Do you want a

 

MR. DELAFIELD: Okay.  
 

 
MR. POLLACK: We've been going

THE VIDEOGRAPHER: The time is   
 

 
   
 

 

It's got to be here somewhere.

On the first page, I was just

The Philadelphia Organic

ts Club is a consortium of organic

  
ts in the Delaware Valley area. So
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it's been in existence for a long time

and it -- like I said, it's basically a

consortium of the pharmaceutical

companies in the area and academics in

the area.

Q. And what was the award for?

A. The award was in recognition

of my research accomplishments.
 

  MR. DELAFIELD: All right. T

don't have any more questions.

MR. POLLACK: I have a very

 short redirect.

EXAMINATION BY 

 MR. POLLACK:

Q. Tf you could pull out Winkler

deposition Exhibit 13, and that's the 

document also known as SteadyMed 
Exhibit 1004. 

A. Yes.

Q. And if you could turn to page

13?

A. Yes.

Q. Are there any -- is there any

 
information stated here regarding how the

 

DAVID FELDMAN WORLDWIDE,INC.
450 Seventh Avenue- Ste 500, New York, NY 10123 1.800.642.1099

P. 206 UT Ex. 2051

SteadyMed v. United Therapeutics
IPR2016-00006

 
IPR2020-00769

United Therapeutics EX2006
Page 5765 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5766 of 7113

~J

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25

 

 
207

Winkler

purity of 99.7 percent was determined?

A. Well, at the end of the

experimental procedure for the

preparation of UT-15, that is compound 7

in Moriarty, starting about

three quarters of the way down, the

paragraph on the right side of page 13,

you can see that after the C13 MMR data,

it describes a UV Landham Acts for the

compound, as well as HPLC information.

And so it actually indicates

the column that was used and the

dimensions of the column. It indicates 
the flow rate that was used. And it also

indicates the mobile phases, mobile phase

 A and mobile phase B, as well as the

retention time of the treprostinil,

treprostinil under these conditions.

Q. So what does that tell us

about how the 99.7 percent was

determined?

A. So that simply tells us what 
conditions they were using in the HPLC to

determine this purity.
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Q. And what equipment,

of equipment was used to determine this

purity?

A. Well, sir, this is indicating

that the purity was determined by HPLC.

Q. Okay. And is that,

that tell you about 
from assay or relat

does that tell you

used?

ted impurities,

 about what method was

 

MR. DELAFIELD: Objection to  
 

form.

A, Well, I

indicate to me tha

before, that the purity is being

determined by the HPLC assay met

think this would

t, as I had indicated

thod.  
 

  
 

     

MR. POLLACK: No further

questions.

MR. DELAFIELD: I have one

quick question, following up on

that.

EXAMINATION BY

MR. DELAFIELD:

Q. If you recall we discussed two

what piece

what does

t whether or not it's

208

 

what
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decuments we looked at; the assay and the

total

that?

was used for both of those

determinations, correct?
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purities were determined in the

 
related substances. Do you recall

A. Yes, I do.

Q. And you also recall that HPLC

A. Yes, I do.
 

MR. DELAFIELD: Okay. I have  
 

no further questions.
 

THE VIDEOGRAPHER: The time is   
 

4:07 p.m., June 14, 2016, and this

completes today's video deposition

of Jeffrey D. Winkler.

(Time noted: 4:07 p.m.)  
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CERTIFICATE

STATE OF NEW YORK )

ss.

COUNTY OF NEW YORK )

I, Jennifer Ocampo-Guzman, a

Notary Public within and for the State

of New York, do hereby certify:

That JEFFREY D. WINKLER,

Ph.D., the witness whose deposition is

hereinbefore set forth, was duly sworn

and that such deposition is a true

record of the testimony given by the

witness.

I further certify that I am

not related to any of the parties to

this action by blood or marriage, and

that I am in no way interested in the

outcome of this matter.

IN WITNESS WHEREOF, I have

hereunto set my hand this 15th day of

June 2016.

JS. Champeo ~ GuRmec, 

JENNIFER OCAMPO-GUZMAN, CRR, CLR
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Please read your deposition over carefully 
and make any necessary corrections. You should state

the reason in the appropriate space on the errata

sheet for any corrections that are made.

After doing so, please sign the errata sheet

and date it.

You are Signing same subject to the changes

you have noted on the errata sheet, which will be

attached to your deposition.

It is imperative that you return the original

errata sheet to the deposing attorney within thirty

(30) days of receipt of the deposition transcript by

you. If you fail to do so, the deposition transcript

may be deemed to be accurate and may be used in court.
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ERRATA

] wish to makethe following changes, for the following reasons:

FE 

P10, line 15 delete “the” Transcription error
 

P12, line 4

P13, line 21

P59, line 16

Add a semicolon after career

“T-H-R-E-0”instead of “30, P-H-R-E-
0.”

Replace “0.7%” with “0.07%”

Transcription error

Transcription error

Transcription error
 

P75, line 3

P88, line 3

P98, line 13

P112, line 15

“Samples” should be “examples”

“essentially auspicious” should be
“essentially suspicious”

“CV is did he staled at” should be “CV

as is stated is”

“perform” should be “form”

Transcription error

Transcription error

Transcription error

Transcription error
 

P120, line 18

P120, line 25

P126,line 24

“compliments” should be
“components”

“affect” should be “effect”

should read “carboxylatesalt,
purifying that salt, and”

Transcription error

Transcription error

Transcription error
 

P127, line 12 there should be a commaafter

“acids”
Transcription error
 

P130,line 10

P135,line 23

P159,line 3

should read “if the API is” instead of

“if the API”

should read “reactants and products”
instead of “reactants in products.”

“chem” should be “10”

Transcription error

Transcription error

Transcription error
 

P161,line 3

P162, line 20

P166,line 4

P173, line 8

“starting tip” should read “starting
materials”

“of formula” should be “a formula”

“synthetic re” should be “synthetic
route”

“pulse” should be “plus”

Transcription error

Transcription error

Transcription error

Transcription error
 

P188, line 24 “it’s pure” should be “as pure” Transcription error
 

P201, line 11

P203, line 12

P207, line 10

 
“replated” should be “related”

“enantiomers” should be

“diastereomers”

“Landham Acts” should be “lambda

 
Transcription error

Transcription error

 
Transcription error
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IN THE UNITED STATES PATENTAND TRADEMARKOFFICE

First Inventor Name: Hitesh BATRA

‘Title: AN IMPROVED PROCESS
TO PREPARE

TREPROSTINIL, THE
ACTIVE INGREDIENTIN

REMODULIN®:

Appl. No.: 14/849,98 |

Filing Date: 9/10/2015

Examiner: Yevgeny Valenrod

Art Unit: 1672

Confirmation Number: 6653

NOTIFICATION OF RELATED PROCEEDINGS 

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

Applicant hereby updates the Office concerningthe status of a related proceeding styled

Steadymed Ltd. (Petitioner), v. United Therapeutics Corporation (Patent Owner), Case IPR2016-

00006, US Patent 8,497,393, which involves the issued parent of the above-captioned patent

application, Other documents fromthe above-identificd Inter Partes Review (IPR) were

submitted in the present application with an Information Disclosure Statementfiled on October

13, 2015, for the Examiner’s consideration. The purposeofthis notice is to provide a copyof

Patent Owner's Preliminary Response Under 35 U.S.C. § 313 and 37 C.F.R. § 42.107, Patent

Owner Exhibit List and Exhibits 2002 and 2007-2016 asfiled on January 14, 2016 fromthe IPR
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proceeding. Certain information in the Preliminary Response is redacted andcertain exhibits are

not provided due to their filing under seal in the IPR proceeding.

Respectfully submitted,

 
Date Feb. 26, 2016 By/Stephen B. Macbius/

FOLLY & LARDNER LLP Stephen B. Maebius
Customer Number: 22428 Attorney for Applicant
Telephone: (202) 672-5569 Registration No. 35,264
Facsimile: (202) 672-5399
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Paper

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

STEADYMED LTD.,

Petitioner,

Vv.

UNITED THERAPEUTICS CORPORATION,

Patent Owner.

Case IPR2016-00006

Patent 8,497,393

Patent Owner Preliminary Response Under
35 U.S.C. § 313 and 37 C.F.R. § 42.107
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I. INTRODUCTION

United Therapeutics Corporation (“Patent Owner”) submits this preliminary

response under 35 U.S.C. § 313 responsive to the petition for inter partes review

(“IPR”) of claims 1-22 of U.S. Patent No. 8,497,393 (“the °393 patent’) filed by

SteadyMed LTD. (“Petitioner”). This preliminary responseis timely filed within

three months of the Board’s notice, Paper 3 mailed October 14, 2015, indicating

that the petition was accordeda filing date. For the reasonsset forth herein and in

the accompanying exhibits, Petitioner’s petition for IPR should be denied.

Il. DEVELOPMENT OF REMODULIN*

Patent Owner holds approved New Drug Application No. 21-272 for

Remodulin® (treprostinil) Injection, which Patent Owner markets andsells as

Remodulin®. Remodulin”is indicated for the treatment of pulmonaryarterial

hypertension (PAH) (WHO Group 1), a rare, fatal disease affecting the pulmonary

vasculature. Remodulin® was the second drug to receive FDA approvalfor the

treatment of PAH. Ex. 2002.

When a compound exists in multiple stereoisomeric forms, “[i]t is extremely

important to the proper biological function of a drug” to obtain the specific

stereoisomerthat produces the desired activity, as “other stereoisomers may have
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no biological effect or a deleterious biological effect.” Ex. 2013! at p. 15, Il. 8-17.

Treprostinil, the active ingredient of Remodulin®,is a complex prostacyclin

analogue compoundcontaining five chiral centers; consequently, thirty-two

stereoisomers of the molecule are possible. Ex. 2013, at p. 11,1. 18—p. 12,1. 18.

Only one particular stereoisomer, treprostinil, 1s able to mimic the function of a

natural hormone, prostacyclin, because it has the same configuration at the five

chiral centers as the natural hormone prostacyclin. Ex. 2013, at p. 15, ll. 1-8, p. 19,

Il. 14-25.

No sample of treprostinil is 100% pure. Ex. 2013, at p. 12, Il. 16-17, p. 41, IL.

22-25. Each sample oftreprostinil carries with it characteristic impurities,

including other stereoisomers, arising, inter alia, from the synthetic process used to

form it. Ex. 2013, at p. 132, 1. 21- p. 133, 1. 2.

' In May of 2014, Dr. Williams and Dr. Aristroff provided expert testimony on

behalf of United Therapeutics Corporation in United Therapeutics Corp. v. Sandoz,

Inc., 3:13-cv-00316-PGS-LHG (D.N.J.), and Ex. 2013 comprisesthetrial

transcript relating to that testimony. While the °393 patent itself was not at issue in

that case, Dr. Williams and Dr. Aristoff offered opinions concerning certain

subject matter that is relevant to the Board’s consideration of the °393 patent.
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The *393 patent, entitled “Process To Prepare Treprostinil, The Active

Ingredient in REMODULIN®,”appears in FDA’s Orange Book for Remodulin™

and also other products. The claims of the ?393 patent are product-by-process

claims that resulted from the inventors’ discovery that a combination of processes

unexpectedly provides a physically different and improvedfinal product with

significantly reduced overall impurities and a distinct and unexpected impurity

profile.

In fact, when the FDA approved the Patent Owner’s implementationof the

newprocesssteps covered by the °393 patent, the FDA adopted a higher purity

specification reflecting the physically changed nature of the product as explained

below in Section IX.

Ul. THE ’393 PATENT

The ’393 patent issued from U.S. Patent Application No. 13/548,446, filed July

13, 2012, which is a continuation of U.S. Patent Application No. 12/334,731 (now

U.S. Patent No. 8,242,305; “’305 patent;” Ex. 2007) filed December 15, 2008,

whichclaimspriority to U.S. Provisional Patent Application No. 61/014,232,filed

December 17, 2007. Ex. 2008. The 393 patent contains twenty-two product-by-

process claims, including two independentclaims, directed to an improved

treprostinil product.

Claim 1 of the ?393 patent recites:

4827-9995-8060.1
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A product comprising a compound of formula I

H ¥;—C—C—R,

M, Ly
oH

H

O(CH;),,COOH

or a pharmaceutically acceptable salt thereof, wherein said productis

prepared by a process comprising

(a) alkylating a compound ofstructure 1 with an alkylating agent to produce

a compound of formula I,

ay
H Y—-C—C—R,

lll
M, L,
OH

u
OH

amp

u ee
M, 1,
OH

OCH), ,CN

wherein [recitation of Markush groups for the specified structures]...,

(b) hydrolyzing the product of formula TTT ofstep (a) with a base,
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(c) contacting the productofstep (h) [sic: (b)/ with a base B to forma salt

of formula [,.

a
H Y,—C—C—R,

and

On
O(CH,),COO

(d) optionally reacting the salt formed in step (c) with an acid to formthe

compound of formula L.

Claim 9 of the 393 patent recites:

A product comprising a compound having formula IV

lv)

 
° The referenceto step “(h)” is an obvious typographical error in claim | the 393 patent. The

“(h)” should have been “(b)”, as indicated in the specification of the °393 patent which correctly

recites ““(b)”. Ex. 1001, p. 4, left column. A person of ordinary skill in the art would recognize

that the claims should be read asreciting step (b), as Petitioner’s expert has expressly

acknowledged (Ex. 1009, 9 51) which acknowledgement the Petition has adopted (Pet. at pp. 24-

25, and 27, citing 751).
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or a pharmaceutically acceptable salt thereof, wherein the product is

prepared bythe process comprising

(a) alkylating a compound of formula V with an alkylating agent to produce

a compound of formula VI,

OW)

wD 
oO

Mn

(b) hydrolyzing the product of formula VI ofstep (a) with a base,

(c) contacting the product of step (h) [sic: (b)]’ with a base B to form a salt

of formula IV, and

avy)

 
* See preceding footnote.
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(d) optionally reacting the sait formed in step (c) with an acid to formthe

compound of formula TV

Asthe specification of the °393 patent explains, there was a need “for an

efficient process to synthesize treprostinil compounds ona large scale suitable for

commercial production.” Ex. 1001. Col. 1 I11.58-61. The ’393 patent claims are

directed to improved treprostinil products with higher purity that are novel and

nonobviousto a person of ordinary skill in the art “‘POSA”). Ex. 1001. Col. 5 I.

46-47,

IV. THE PROSECUTION HISTORIES OF THE ’393 PATENT AND

RELATED APPLICATIONS ALREADY ADDRESS AND REJECT

PETITIONER’S ARGUMENTS

A. Moriarty and Phares were both considered by the Examiner
during prosecution of the °393 patent

Petitioner relies heavily on Moriarty (Moriarty et a/., J. Org. Chem. 2004,

1890-1902; Ex. 1004) and Phares (International Publication No. WO 2005/007081;

Ex. 1005), but these references already were considered by the Examiner during

original prosecution. Specifically, the Examiner considered these references in the

context of rejections under 35 U.S.C. § 102 and 35 U.S.C. § 103, which were

overcome, as discussed in more detail below. This is reflected on the face of the

patent, which includes Moriarty (Ex. 1004) and Phares (Ex. 1005) as References

Cited, and in the prosecution history of the °393 Patent and related patents.

4827-9995-8060.1

IPR2020-00769

United Therapeutics EX2006
Page 5830 of 7113



IPR2020-00769 
United Therapeutics EX2006 

Page 5831 of 7113

IPR2016-00006 Patent Owner Preliminary Response
Patent 8,497,393

The Examiner’s prior consideration of these references undermines any

reasonable likelihood that Petitioner will prevail in this IPR with respect to any

claim. The Examinerhas already considered these references and found neither

anticipation nor obviousness. By now asking the Board to consider very similar

arguments about the same references in the hopes they will reach the opposite

conclusion, Petitioner places unjustified and redundant demands upon the Office’s

resources. The additional references cited by Petitioner (Kawakami and Ege) add

no significant teachings, and the basic arguments underlying the petition already

have been thoroughly addressed by the Office.

B. The Examiner considered Moriarty during prosecution of the
°393 patent and ultimately found noanticipation

Asoriginally filed, the application resulting in the °393 patent contained 21

claims. Ex. 1002. The Examinerrejected originally filed claims 1-21 as

anticipated by Moriarty. Ex. 1002 at pp. 293-296. The Examinerinitially found

that Moriarty discloses a “compound 7”that has the samestructure as the claimed

product and a purity of 99.7%. Ex. 1002 at p. 295. According to the Examiner,

“[s|ince the claims were product by process claims, the patentability of the product

did not depend on the methodofits production.” /d. Applicants submitted a

response explaining that the impurity profile of the claimed invention was different

as compared to Moriarty’s product. The Examinerissueda final action
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maintaining the rejection because Applicants evidence was not presented as a

declaration. Ex. 1002 at pp. 325-330.

In response, Patent Owner submitted “a declaration under 37 C.F.R. § 1.132

by Dr. David Walsh.” Ex. 1002, at pp. 346-350. Dr. Walsh provided data from

representative Certificates of Analysis with impurity profiles for treprostinil

prepared according to the process corresponding to Moriarty, treprostinil

diethanolamine prepared according to the process specified in claim 1 or 10 [issued

claim 9], and treprostinil as the free acid prepared according to the process

specified in claim 1 or 10 [issued claim 9]. /d. Dr. Walsh concludedthat the

claimed treprostinil differed from the treprostinil produced by Moriarty:

“TEJach of treprostinil as the free acid and treprostinil diethanolamine

prepared according to the process specified in claim 1 or 10 [issued claim 9]

of the present application is physically different from treprostinil prepared

according to the process of ‘Moriarty’ at least because neither of them

contains a detectable amount of any of benzindenetriol, treprostinil methyl

ester, 1AU90 treprostinil stereoisomer and 2AU90 treprostinil stereoisomer,

each of which were present in detectable amounts in treprostinil produced

according to the process of “Moriarty.’”

Ex. 1002, at pp. 347-349. He further noted that in these representative examples,

the “treprostinil diethanolamine prepared according to claims 1 or 10 of the present

9
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application has only one impurity, treprostinil stereoisomer 3AU90, in a detectable

amount”and that “treprostinil as the free acid prepared according to claims 1 or 10

of the present has only three impurities, treprostinil ethyl ester, treprostinil dimers

750W93 and 751W93.” Ex. 1002, at pp. 348-349.

The Examiner subsequently allowed claims 1-23 (claim 8 waslater canceled

by Patent Owner), which issued as claims 1-22 in the ’393 patent. Ex. 1002,at pp.

359, 370-376. Thus, the Examinerfully considered Moriarty’s impact on

patentability and determined that the claims are patentable over Moriarty.

C. The Examiner considered Phares combined with Moriarty during
prosecution of the ’?393 patent and ultimately found no
obviousness

The Examineralso considered Phares during prosecution of the application

leading to the °393 patent and asserted an obviousnessrejection based upon the

combination of Moriarty in view of Phares. Ex. 1002, at pp. 122-123.

Specifically, the Examiner stated that “[t]he instant invention amounts to addition

of a purification step via crystallization.” Ex. 1002, at p. 123. This is effectively

the same as one of Petitioner’s arguments. Petition at section VIII.B.2. Patent

Ownerprovideda detailed response to this rejection, which is detailed below in

this Preliminary Response. See Ex. 1002, at pp. 176-183; see infra Section IV.D.
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D. The Examinerconsidered Phares alone and in combination with

Moriarty during prosecution of a related continuation application
and found noanticipation or obviousness

Phares wasalso cited under 35 U.S.C. §§ 102 and 103 during prosecution of

a continuation application of the °393 patent, U.S. Patent Application No.

13/910,583, filed June 05, 2013 (now US. Patent No. 8,748,657; “the °657

patent;” Ex. 2009). The ’657 patent contains seven product-by-process claims,

including one independentclaim.

Claim | of the °657 patentrecites:

A process for producing a pharmaceutical composition comprising

treprostinil, comprising providing a starting batch of treprostinil having one

or more impurities resulting from prior alkylation and hydrolysis steps,

forminga salt of treprostinil by combining the starting batch and a base,

isolating the treprostinil salt, and preparing a pharmaceutical solution from

the isolated salt comprising treprostinil or a pharmaceutically acceptable salt

thereof from the isolated treprostinil salt, whereby a level of one or more

impurities found in the starting batch of treprostinil 1s lower in the

pharmaceutical composition, and wherein said alkylation is alkylation of

benzindenetriol.

The Examinerasserted that “Phares discloses a method of producing a

pharmaceutical composition comprising combininga starting batch of treprostinil

11
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which comprises treprostinil, ethanol and water with diethanolamine to produce

treprostinil diethanolaminesalt ... Since the process steps of claim 1 are the same

as the process steps described by Phareset al, the purity of the Pharessalt is

inherently the sameas the instantly claimed purity of claims 3 and 10.” Ex. 2010,

at pp. 164-167 (Office Action mailed July 19, 2013).

In response, Patent Owner amended claim | to recite “the starting batch of

treprostinil has one or more impurities resulting from prior alkylation and

hydrolysis steps.”” Patent Owner explained that “Phares neither anticipates nor

renders obvious amended claim 1 or any claim depending from it because Phares

discloses more than one process for providing a starting batch of treprostinil and

because Phares does not provide evidence of whether salt formation can remove

any impurities from a given type of treprostinil starting material.” Ex. 2010, at pp.

149-155. At that time, Patent Owner explained to the Examiner that Phares

providesat least two routes for producing the diethanolaminesalt of treprostinil.

One of those routes prepares treprostinil without prior alkylation and hydrolysis as

recited in steps (a) and (b) of the °393 independent claims, and the other route

employs prior alkylation and hydrolysis. Ex. 2010, at pp. 151-154.

Patent Owner further explained why Phares doesnot inherently result in the

claimed product:
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[T]here are several different processes for preparing a starting batch of

treprostinil, only one of which leads to treprostinil having one or more

impurities resulting from prior alkylation and hydrolysis steps. Therefore,

Phares does not inherently and necessarily result in a process in which the

same kind or amount of impurities are present in the starting batch and in

which the level of one or more such impurities resulting from prior

alkylation and hydrolysis steps is reduced in the final product as required by

claim 1. For this reason alone, Phares cannot anticipate the present claims

based on inherency.

Ex. 2010, at p. 153. The “Examiner agree[d] with the applicant that the amended

claims are not anticipated by Phares” (Final Office Action mailed August 20,

2013). Ex. 2010, at pp. 138-144.

Having conceded novelty over Phares, the Examiner then asserted that the

pending claims were unpatentable under 35 U.S.C. § 103 over Phares in view of

Moriarty. Ex. 2010, at p. 140. Althoughthe claims of the ’657 patent and the °393

patent are not identical, the issues raised by the Petitioner for the ?393 patent with

regard to Phares and Moriarty are indistinguishable from the issues raised by the

Examiner during the prosecution of the *657 patent.

In response, the Patent Ownerstated in a Request for Continued

Examination (RCE) that Phares does not teach forminga salt intermediate in a

13
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process that allows reduction of one or more impurities resulting from prior

alkylation and hydrolysis steps. Ex. 2010, at pp. 39-43. Since Moriarty does not

teach or suggest forming an intermediate salt to remove impurities, even if Phares

and Moriarty were combined, Patent Ownernotedthere still would have been no

motivation to perform the claimed process. /d. Following an agreement to cancel

certain product claims, the Examinerthen directly issued a Notice of Allowance

for remaining process claims 1-7 based on the earlier arguments. Ex. 2010, at pp.

5-8.

E. ‘The Board should exercise its discretion to decline to institute trial

Because Petitioner’s arguments are a rehashed version of issues already

considered and rejected by the Office, the Board should exercise its discretion

under 35 U.S.C. § 325(d) to decline to institute trial. See 35 U.S.C. § 325(d);

Prism Pharma Co., Ltd. v. Choongwai Pharma Corp., IPR No. 2014-00315 (Paper

14, July 8, 2014) (Because “[t]he same prior art .. . and arguments substantially

the sameas Petitioner’s current contention . . . were presented previously to the

Office” during prosecution, Examiner considered, the same prior art and

substantially the same arguments” during prosecution, the Board chose to “exercise

[its] discretion and deny the Petition under 35 U.S.C. § 325(d)”); Universal Remote

Control, Inc. v. Universal Electronics, Inc.,PR No. 2014-01084 (Paper 26,

December 18, 2015) (“[I]n determining whetherto institute an inier partes review

14
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we maytake into account whether a prior art reference was presented previously to

the Office and have discretion to deny a petition on that basis, see 35 U.S.C. §

325(d)....”).

Phares and Moriarty were considered and applied by the Examiner during

original prosecution of the °393 patent in the same way presented by Petitioner

and Patent Ownerdistinguished those references. Petitioner does not cast Phares

or Moriarty in a new light or present any persuasive evidence to supplement the

record that was previously in front of the Office. Consequently, the facts in this

case are like those in Funai Electric and the result should be the same — exercising

the Board’s discretion under § 325(d) and decliningto institute trial. /unai

Electric Co. v. Gold Charm Ltd., IPR No. 2015-01491 (Paper 15 at 19-20,

December 28, 2015).

Vv. CLAIM CONSTRUCTION

Patent Ownerdisagrees with Petitioner’s proposed construction of the term

“product” found in claims 1, 9, and 22, “A product comprising a compound of

formula I/IV or a pharmaceutically acceptable salt thereof’ in claims 1 and 9, and

“A process comprising” and “the process comprising”in claims | and 9. “[O]nly

those terms need be construed that are in controversy, and only to the extent

necessary to resolve the controversy.” Vivid Tech., Inc. v. Am. Sci. & Eng'g., Inc.,

200 F.3d 795, 803 (Fed. Cir. 1999); E7i Lilly and Company., v. Los Angeles

15
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Biomedical Research Institute At Harbor-Ucla Medical Center, TPR2014-00693

(Paper 45, October 22, 2015). Accordingly, Patent Owner focuses claim

construction on the contested terms. Gechter v. Davidson, 116 F.3d 1454, 1460

(Fed. Cir. 1997); accordAero Prods. Int'l, Inc. v. Intex Rec. Corp., 466 F.3d 1000,

1012 n.6 (Fed. Cir. 2006) (appropriate to focus on disputed limitations), citing

Scripps Clinic & Research Found. vy. Genentech, Inc., 927 F.2d 1565, 1580 (Fed.

Cir. 1991).

A. Legal Standard

“TC]laim construction begins with, and remains focused on, the language of

the claims.” Biagro W. Sales, Inc. v. Grow-More, Inc., 423 F.3d 1296, 1302 (Fed.

Cir. 2005) (internal citations omitted). Claim termsare generally given their plain

and ordinary meaning. Phillips v. AWH Corp., 415 F.3d 1303, 1312-13 (Fed. Cir.

2005) (en banc). “[T]he ordinary and customary meaning of a claim term is the

meaning that the term would have to a [POSA] in question at the time of the

invention, 1.e., as of the effective filing date of the patent application.” /d. at 1313.

Indeed,there is “a “heavy presumption’ that a claim term carries its ordinary and

customary meaning.” Te/eflex, Inc. v. Ficosa N. Am. Corp., 299 F.3d 1313, 1325

(Fed. Cir. 2002); DSW, Inc. v. Shoe Pavilion, Inc., 537 F.3d 1342, 1347 (Fed. Cir.

2008) (“[A]bsent contravening evidence from the specification or prosecution

history, plain and unambiguousclaim language controls the construction
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analysis.”). Absent a disclaimer of subject matter(i.e., a clear or unmistakable

surrender of subject matter in the patent specification or prosecution history) or

lexicography explicitly defining a claim term, the plain meaning of the claim

controls. Toshiba Corp. v. Imation Corp., 681 F.3d 1358, 1369 (Fed. Cir. 2012).

If a claim term is construed, the Board should construe claim terms suchthat

they have the “broadest reasonable construction in light of the specification of

the patent in which it appears.” 42 C.F.R. § 42.100(b).

B. “Product”

Petitioner proposed that the term “product” be construed as “a chemical

composition.” Patent Owner, however, submits that “product” means“a substance

resulting from a chemical reaction,” whichis the “broadest reasonable construction

in light of the specification of the patent in which it appears.” 42 C.F.R. §

42.100(b). Moreover, this definition is also consistent with the plain and ordinary

meaning of the term as used in the context of the °393 patent as well as the intrinsic

and extrinsic evidence. In particular, the claims and specification of the °393 patent

consistently use the word “product” to refer to a substance resulting from a

chemical reaction. Ex. 1001, at Col. 5:45-46 (“the product of the process according

to the present invention has higher purity”); Col. 7:16-20 (“a compound of formula

XI, which is a cyclization product of a compound of formula X”’); Col. 17:37-40

(“This process provides better quality of final product.”); and claims 1-22. This

17
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usage is in line with how a POSA would understand the term “product,”as the real

world product of a chemical reaction, particularly in the context of these product-

by-process claims.

In the prosecution history, Patent Owner distinguished the “product”of the

claimed invention from the prior art on the basis that both the chemical process

steps recited in the claims“‘and the products resulting from those steps are different

than the chemical process and product of”the prior art, noting specifically that the

“product” of the claims lacks certain impurities found in the product prepared by

the prior art process. Ex. 1002, at p. 315. The Examiner found that the prior art

and specification lacked sufficient evidence about impurities in question to support

a finding “that the process by whichthe instantly claimed productis prepared

results in a product that is different from the product of”the prior art. Ex. 1002, at

p. 328. The Examinerstated that evidence of “data demonstrating the difference

between the two products” should be presented in the form of a declaration. Ex.

1002, at pp. 328-329. Accordingly, Dr. David Walsh submitted a declaration

providing evidence from representative “product batch[es]” to showthat the

product of the °393 claims is physically different from treprostinil produced

accordingto the prior art processat least because the product of the °393 claims

lacks certain impurities found in treprostinil made by the prior art process. Ex.

1002, at pp. 346-350. Thus, during prosecution, the Patent Owner and Examiner
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explicitly discussed the “product” of the claimsas a real world substance that

results from employing a specific chemical process, as differentiated from the

substance obtained from employing a different chemical process. Such usage is

consistent with the plain and ordinary meaning of this term and with Patent

Owner’s proposed construction.

Patent Owner’s construction also comports with how a POSA would

understand these terms in the context of the °393 patent. Indeed, well-known

chemistry textbooks specifically define “product”as “a substance resulting from a

chemical reaction; it is shown to the nght of the arrow in a chemical equation.”

Ex. 2011, Zumdahl, Chemistry, pp. A25, A36 (1986); see also Ex. 2012, Brown,et

al., Chemistry: The Central Science, pp. G-2, G-10 (9th ed. 2003). Several other

references also similarly define or describe a “product”to indicate it is the result of

a chemical reaction. Ex. 2014, Suchocki,et al., Conceptual Chemisiry, p. G-6

(2001).

Simply put, the “product” claimed in a product-by-process claim is

necessarily a substance that results from the process specified in that claim. In the

case of the °393 patent, wherein the claims specify the process of a certain chemical

reaction, the claimed “product” must be understood to be “a substance resulting

from a chemical reaction.” Patent Owner’s proffered definitions, for both the term
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“product” and for other related terms that contain this word, comport with this

understanding.

Petitioner’s definition of “product”as “a chemical composition”is

unreasonably broad,as it erroneously removes from the term its identity as a

product made by a specified process(i.e., a chemical reaction). In doing so,

Petitioner’s definition disregards both the intrinsic evidence and the nature of a

product-by-process claim. Under Petitioner’s over-expansive construction, the

term “product” would refer not only to the substance created by a chemical

reaction, but also the starting materials, solvents, catalysts, and glassware involved

in performing that reaction. Such an unreasonable definition would render the

claims nonsensical. The invention of the claims of the °393 patent is not merely “a

chemical composition” but a specific, real world substance that results from the

chemical process specified in the claims and thus possesses the characteristics that

result from employing that process.

C. “A product comprising a compoundof formula I/IV or a
pharmaceutically acceptable salt thereof”

Petitioner proposed that the term “A product comprising a compound of

formula I/IV or a pharmaceutically acceptable salt thereof” be construed as “a

chemical composition that includes, but 1s not limited to, a compound of FormulaI,

or a pharmaceutically acceptable salt thereof, and that may also include other non-
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mentioned substances (including impurities), additives, or carriers, without

limitation as to the types ofor relative amounts thereof.” Petition at p. 11.

Patent Owner submits that this term means“a substance resulting from a

chemical reaction constituted primarily of formula I/IV or a pharmaceutically

acceptable salt thereof.” This construction is consistent with how a POSA would

understand the term in the context of the patent. The ’393 patent is directed toward

prostaglandin products, including specifically treprostinil, which are made by a

processthat results in both high yield and high purity. Ex. 1001. Col. 1:58-60

(“Because Treprostinil, and other prostacyclin derivatives are of great importance

from a medicinal point of view, a need exists for an efficient process to synthesize

these compoundsona large scale suitable for commercial production.”), Ex. 1001.

Col. 5:36-49. Indeed, as detailed above with respect to the term “product,” the very

high purity of the claimed product, which constituted an improvementoverthe prior

art product, was explicitly identified during the prosecution of the °393 patent. See

section V.B. In light of this, a POSA would understand that the substances

described by this term would be substances primarily constituted, respectively, of

formula I and formula IV.

Petitioner’s proposed construction should be rejected,as it 1s not a reasonable

construction of the term. With respect to the term “product,” which is nested within

this term, the points made above apply here with equal force, rendering Petitioner’s
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