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This new drug application was submitted on April 7, 2005 for the following proposed

indication: “REVLIMID® is indicated for the treatment of patients with transfusion—
dependent anemia due to Low- or lntermediate-l-risk myelodysplastic syndromes

associated with a deletion 5q cytogenetic abnormality with or without additional

cytogenetic abnormalities.” A major amendment was receivedon September .23, 2005

and the user fee goal date was extended to January 7, 2006.

Clinical/Statistical Review

The Clinical Review by Maitreyee Hazarika, MD. (efficacy), Edvardas Kaminskas, M.D.,

(safety), and Rajeshwari Sridhara, Ph.D. was completed on September 26, 2005. The

submission and recommendations are summarized in the following sections of the review.

9.1 Conclusions.

The NDA submission consisted of two single—arm, phase 2 clinical studies

relevant to the proposed indication, one very small. The patient population

consisted of patients with transfusion-dependent anemia due to low or

intermediate—1 risk MDS associated with del Sq cytogenetic abnormalities with or
without additional cytogenetic abnormalities. The transfusion entry criterion is

based on the RBC units transfused in the 8 weeks prior to start of study drug. The

median number units of RBC transfused was six. The main study enrolled 148

patients using oral lenalidomide as a single agent given in 2' dose regimens, 10 mg

daily or 10 mg for 21 days in a 28— day cycle.

The primary endpoint was the determination of RBC transfusion independence. A

rolling 56 day (8 week) transfusion free period was used for transfusion

independence response. The RBC transfusion independence response of 67% (99/

148) was seen with = 1.0 g/dL increase in hemoglobin. These responses lasted for

a minimum of 8 weeks with a median duration of transfusion independence in

responders was 52 weeks. Major cytogenetic responses were seen in 43% (52/

120) patients in whom follow—up bone marrows were present. The study was not

designed or powered to prospectively compare the efficacy of the 2 lenalidomide

dosing regimens. '

The supportive study had 10 evaluable patients supporting the proposed indication.



FDA performed an analysis in those patients who met the major eligibility criteria.

Ninety six patients had transfusion-dependent anemia due to a diagnosis of low or

intermediate—l risk MDS associated with a del Sq chromosomal abnormality with

or without additional cytogenetic abnormalities. The results were consistent with

the ITT population.

The demonstration of the clinical benefit of RBC transfusion independence,

although substantial, is based mainly on one single—arm, multicenter trial. A

randomized controlled trial is ongoing at present and the sponsor has a Phase IV
commitment.

All MDS patients, those with Sq deletion (del Sq) and those without Sq deletion

(non—del Sq), had adverse events during treatment with lenalidomide. In absence

of a best supportive care control arm, it is not possible to assign adverse events to

lenalidomide instead of MDS. The most common reported adverse events were

neutropenia and thrombocytopenia. They were also the most common grade 3 or

4 adverse events, the most common serious adverse events ( except for

pneumonia), the most common events leading to discontinuations from studies,

and the most common events leading to dose interruptions and dose reductions.

Less frequently reported were rashes, infectious events, fatigue, bleeding events,

gastrointestinal events, and others. A very high percentage (about 80%) of

patients reported grade 3 or 4 events. There was a markedly different adverse

event profile in the del Sq population from that in non— del Sq population. The del

Sq patients had approximately twice as high frequencies of neutropenia and of

thrombocytopenia (all grades and grades 3 — 4 in both cases), a one— third higher

frequency of infections, and higher incidences of bleeding and of venous
thromboembolism than non—del Sq patients.

The increased sensitivity to lenalidomide in the del Sq population may account for

the much greater need for dose reductions and dose interruption of the 10 mg/ day
starting dose (administered by either of the two schedules) in the del Sq

population compared to non— del Sq population (80% of patients vs. 47% of

patients). These data suggest that the starting dose of lenalidomide is too high for

the del Sq population, and that carefiil monitoring is required for dose adjustment.

Because neutropenia and thrombocytopenia can occur rapidly and unpredictably

in some cases, and because the rate of recovery can be delayed, lenalidomide

should be administered only during the period during which it maintains patients
free of transfusions. In cases ofpatients who do not respond to lenalidomide

treatment, the treatment should be discontinued once a response is unlikely to
occur (about 16 weeks).

Patients with renal impairment were excluded from the studies. Because
lenalidomide is mainly excreted by the kidney, renal function should be carefully
monitored to avoid excess toxicity.



Until definitive toxicology studies have determined that lenalidomide, unlike

thalidomide, does not pose risk as a human teratogen, the S. T. E. P. S. program
should be implemented.

The benefit vs. risk profile of lenalidomide treatment in the del Sq population is

substantial; the incidence of severe adverse events, some life- threatening, is high.
Therefore, a balanced medical evaluation is required before prescribing
lenalidomide followed by carefiil monitoring and dose adjustment.

A Black Box Warning should be placed in the label to include the unknown .
pregnancy risk and the recommendation to prevent fetal exposure and should also

include weekly monitoring of neutropenias and thrombocytopenias.

9.2 Recommendation on Regulatory Action

Lenalidomide (Revlimid ®) should receive regular approval for the treatment of
patients with transfusion dependent anemia due to low or intermediate—l risk

myelodysplastic syndromes (MDS) associated with a deletion Sq cytogenetic
abnormality with or without additional cytogenetic abnormalities.

Lenalidomide was brought before the Oncology Drug Advisory Committee on

Sept 14, 2005. The ODAC committee agreed that the benefit versus risk analysis
warranted approval. -

9.3 Recommendation on Postmarketing Actions

9.3.1 Risk Management Activity

Due to the inadequacy of the reproductive safety assessment, FDA has a concern

regarding the risk of teratogenicity and the potential fetal exposure to
lenalidomide. Of concern is also the high incidence and dose modification due to

neutropenias and thrombocytopenias. The sponsor should implement a risk

management activity similar to the S. T. E. P. S. program until toxicology studies
determine that lenalidomide is not a teratogen in species that predict human
teratogenicity.

A Black Box Warning should be placed in the label to include the unknown

pregnancy risk and the recommendation to prevent fetal exposure and should also

include weekly monitoring of neutropenias and thrombocytopenias.

9.3.2 Required Phase 4 Commitments

Not applicable.

9.3.3 Other Phase 4 Requests



Celgene has a planned phase 3 study ongoing in Europe in MDS patients with a

Sq deletion. It is a randomized, double-blind, placebo—controlled 3—arm study

evaluating a lower dose of 5 mg daily versus 10 mg syncopated. The primary
endpoint is RBC transfusion independence for 2 26 weeks. At the time of the

advisory committee meeting, 20 patients had been enrolled.

The safety of lenalidomide in patients with renal impairment should be
determined.

Reproductive safety assessments in this drug was inadequate as reviewed by the

Pharmacology/toxicology team. Celgene is required to conduct further tests to

adequately assess the risk of teratogenicity.

Medical Team Leader’s Review

The Medical Team Leader’s Review by Ann Farrell, MD. was completed on October 4,

2005. Dr. Farrell’s conclusions and recommendations are quoted below. .

- Based on the strong comments made by several ODAC members stating that

hematologists and oncologist are experienced enough to appropriately dose

reduce when toxicity arises and the suggested efficacy in the MDS-003 study, this

reviewer recommends full approval provided the sponsor agrees to the following:

1) Strong labeling: The labeling should include Black box warnings and bolded

warnings regarding the prevention of fetal exposures, 80% dose reduction and

dose delay seen in the del 5 q MDS population, and the 80% grade 3 and 4

adverse event data seen in MDS- 003. The labeling should also include weekly

peripheral blood counts without regard to duration.

2) Risk Management Plan: Due to lenalidomide’s structural similarity to

thalidomide and the inadequate developmental toxicity study, this reviewer

recommends that a risk management program very similar to that for thalidomide

be instituted to prevent the risk of fetal exposure until developmental toxicity

issues have resolved (new studies have been performed and undergone Agency

review).

3) Submission of the ongoing European study when completed. The sponsor has

proposed study CC-5013—MDS—004, a randomized, double— blind, placebo-

controlled, multicenter, 3-arm study of the efficiency and safety of 2 doses of

lenalidomide (5 mg daily versus 10 mg days 1—21, 7 days rest (28 day cycle))

versus placebo in red blood cell (RBC) transfiision- dependent subjects with low—

or intermediate—l-risk myelodysplastic syndromes (MDS) associated with a del Sq

cytogenetic abnormality. This study will be conducted in Europe. The primary

endpoint is RBC transfusion independence for = 26 weeks (182 days).

4) Submission of adequate reproductive safety studies for the Agency to review.



Oncologic Drugs Advisog Committee

This application was presented and discussed at the September 14, 2005 meeting

of the Oncologic Drugs Advisory Committee. The questions and votes are

provided below.

1. Randomized controlled trials allow for direct comparisons of treatment

effects and safety between treatment arms. A single arm study has

been submitted using an 8— week run—in period to serve as a baseline

for each patient’s transfusion requirements. A comparison is

subsequently made to a follow- up 8— week period on Revlimid to

compare transfusion requirements. Does this study design allow

adequate characterization of Revlimid’s treatment effect in the

population described in the proposed indication? (l 1 yes and 4 no)

2. In this single arm trial, 80% of patients enrolled in MDS-003 had dose

reductions and/or delays and 80% ofpatients experienced either grade

3 or 4 adverse events. Data do not exist on the efficacy and safety of

lower Revlimid doses. Approval of a drug is contingent upon being

able to write adequate product labeling, requiring a recommended dose

and characterization of a safety profile. Do the data provided in this

single—arrn trial provide a basis for a recommended dose and adequate

descriptiOn of a safety profile? (2 yes and 13 no).

3. Please characterize the magnitude of Revlimid’s benefit and risk in the

indication being sought. After this characterization, does this risk/

benefit analysis warrant approval? (10 yes and 5 no)

4. At this time, lenalidomide, a thalidomide analogue, does not have

adequate nonclinical studies to assess reproductive/ developmental

safety. Should a risk/ management program with a goal of no fetal

exposures to Revlimid be instituted until the nonclinical reproductive/

developmental safety assessments are addressed? (There was no vote

on this question.) ’

Despite the vote on question 2, during the discussion committee members

expressed the opinion that hematologists and oncologists were

experienced in monitoring for myelosuppression and lowering or holding
doses when indicated.

Clinical Inspection Summary

The preliminary Clinical Inspection Summary is dated December 2, 2005. The Division

of Scientific Investigations concluded the following.

The EIR from the single European site inspected is pending.



The studies that were-inspected appear to have been conducted sufficiently well .

that the data collected can be used to base approval of an NDA. Some data is

missing, but quantitatively the amount missing should not qualitatively change the

overall findings. There were also some lapses outside of the data gathering/

collection efforts such as those related to informed consent documents, etc and

these failures have already been brought to the attention of the clinical

investigators and will be emphasized by DSI in the letter to the clinical

investigators.

No evidence of withholding of serious adverse event including deaths was found.

No follow up is planned.

Although the review noted that the EIR from the German site was pending, the final
classification was “probably VAI” and that‘‘the data13 acceptable.”

Pharmacology Toxicology Review and Evaluation

The Pharmacology Toxicology Review and Evaluation was completed by M. Anwar

Goheer, PhD. and Kimberly Benson, Ph.D. (reproductive and developmental toxicology)

on October 9, 2005. The recommendations and summary of nonclinical findings are

excerpted below.

1. Recommendations

A. Recommendation on approvability: The non-clinical studies submitted

to this NDA provide sufficient information to support the use of

lenalidomide (Revlimid®) in patients with transfusion-dependent anemia

due to low—or intermediate-~risk myelodysplastic syndromes (MDS)

associated with a deletion Sq cytogenetic abnormality with or without

' additional cytogenetic abnormalities.

B. Recommendation for nonclinical studies: Adequate reproductive

toxicity assessment, specifically embryo—fetal developmental toxicity in

two species, needs to be conducted.

C. Recommendations on labeling: A separate review will be conducted.

11. Summary of nonclinical findings

A. Brief overview of nonclinical findings: Lenalidomide (3—( 4’

aminoisoindoline—l-one)—1—piperidine—2, 6— dione; CC-5013; lMiD—3 and

Revlimid ®) is a thalidomide analogue. It is a racemic mixture of S (—) and

R (+) forms. The in vitro and in vivo characterization of pharmacological

properties of lenalidomide had demonstrated that the drug inhibits the



secretion of pro-inflammatory cytokines (TNF—a, IL- 1 B, IL-6 and IL—12)

and increases the secretion of anti- inflammatory cytokine (IL-10) from

peripheral blood mononuclear cells (PBMC), induces T—cell proliferation

(IL—2, IFN-y), inhibits cell proliferation (MM, Burkitt’s lymphoma) and

inhibits angiogenesis ( Knight- R, Semin Oncol 2005; 32: 24— 3O &
Dredge et al., Microvasc Res. 2005; 69: 56— 63). Lenalidomide inhibits the

expression of cyclooxygenase-2 (COX— 2) but did not affect COX— 1 in

vitro. This may translate into adverse effects that need to be fully explored
in clinical trials. In addition to these immune effects, there is evidence that

thalidomide and its analogues may act directly on tumor cells, via

inducing apoptosis or G1 growth arrest.

The oral administration of lenalidomide at dose levels of 3, 6 and 12 g/m2
produced no effects on behavior or general activity in male rats.

Intravenous administration of the drug at doses up to 400 mg/m2 did not
produce any significant effect on cardiovascular and respiratory systems
of the anesthetized dog. In vitro, lenalidomide inhibited the cloned human

potassium channel (hERG) current by 8% only at the highest

concentration tested (787 pM).

Lenalidomide did not inhibit or induce any of the major cytochrome P450

isozymes in vitro and in vivo indicating limited potential for P450—related

drug-drug interactions. Distribution of radioactivity in the fetal tissues of

pregnant rat was low after oral administration but fetalbrain showed more

activity than maternal brain. The highest concentrations were found in the

kidney (cortex and medulla), liver, spleen and the mucosa of the GI tract
of rats.

During traditional toxicity assessment, lenalidomide was administered to

rodents (mice, rats) and non rodents (monkeys) for l, 7, and 28 days and

13, 26, and 52 weeks. Single dose administration of lenalidomide up to 6
g/m2 in mice and 12 g/m2 in rats did not cause any adverse effects. Daily
oral administration of lenalidomide at 6 g/m2 to rats for 28 days was
associated with moderate to severe tubular nephropathy/ nephritis, which

was attributed to precipitation of the lenalidomide in the kidney. Once

daily oral administration of lenalidomide to rats at doses of 450, 900 or

1800 mg/mz/ day for 26 weeks was mainly associated with reduced body
‘ weight gain (12%i) for high dose males and reversible pelvic
mineralization in the kidney of all treated animals.

Oral administration of lenalidomide to cynomolgus monkeys at dose

levels of 12, 24, 48, or 72 mg/m2/ day for 52 weeks was associated with
hemorrhage in multiple organs, gastrointestinal tract inflammation and

lymphoid and bone marrow atrophy. Dosing at 48 and 72 mg/m2/ day was
discontinued after 20 weeks of treatment due to toxicity and mortalities. A

‘ reversal of the macroscopic and microscopic findings seen in decedent and



the terminal sacrifice was noted in 7 week treatment—free recovery animals.
It is clear that this species is much more sensitive to lenalidomide than
rodents.

Lenalidomide did not induce mutation in the Ames test, chromosome

aberrations in cultured human peripheral blood lymphocytes, or. mutation
at the thymidine kinase (tk) locus of mouse lymphoma L5178Y cells.

Lenalidomide did induce micronuclei in the polychromatic erythrocytes of
the bone marrow of male rats.

Reproductive and developmental toxicity: Reproductive studies were

conducted with lenalidomide, examining the effects on fertility and early
embryo development, embryo—fetal development, and pre— and post- natal
development. Only the embryo—fetal development studies are required for
drugs with oncologic indications. These studies have not been adequately
conducted at this time. The first study, conducted in a rat, showed very
slight maternal toxicity and no fetal malformations. The rat, however, is
not an adequate species for the full assessment of lenalidomide’s

developmental effects, given the structural similarity to thalidomide.

Historical data indicates that the rat is not sensitive to the full range of
thalidOmide’s teratogenic effects.

An additional developmental study was conducted in the rabbit, with a

concurrent thalidomide dose group. This study had a confounding variable
with some rabbits not eating prior to the study and all these rabbits had a

negative outcome in the study. Additionally, the highest dose tested did

not meet the standard criteria for sufficient drug exposure.

B. Phannacologic activity: Both lenalidomide and thalidomide have been

shown to increase the secretion of anti— inflammatory cytokine lL—lO from
LPS—stimulated PBMC, stimulates T—cells proliferation and production of

IL—2 and IFN-y. Both inhibit the secretion ofpro- inflammatory cytokines
TNF—a, IL-lB, and IL—6. In addition to these immune effects, there is

evidence that thalidomide and its analogues may act directly on tumor
cells, via inducing apoptosis or G1 growth arrest. Exact mechanisms of
action however remain unknown.

C. Nonclinical safety issues relevant to clinical use: Inflammation of the

gastrointestinal tract and atrophy of the bone marrow, thymus, and
lymphoid tissues were observed during repeat dose toxicity studies (up to
12 months) in cynomolgus monkeys. Embryo— fetal developmental
toxicity has not been adequately addressed. The structural similarity of
lenalidomide to thalidomide, a known human teratogen, suggests
developmental risk. Lenalidomide also inhibits expression of COX—2 in

vitro but not COX—1 . This finding should be fully explored in clinical
trials.



The Pharmacology Toxicology Review and Evaluation of December 9, 2005 provided
recommendations on labeling.

Clinical Pharmacology and Biopharmaceutics Review

The Clinical Pharmacology and Biopharmaceutics Review was completed by Gene
Williams, PhD. on September 26, 2005. The recommendations and a summary of the
clinical pharmacology and biopharrnaceutics findings are provided below.

1.1. Recommendations

This NDA is acceptable from the clinical pharmacology and biopharmaceutics
perspective.

1.2. Identify recommended Phase 4 study commitments if- the NDA is judged
approvable

Approximately 2/3 of lenalidomide is excreted as unchanged drug in urine

following Revlimid dosing. In multiple myeloma patients with mild renal

impairment, exposure (plasma AUC) was 56% higherthan in multiple myeloma
patients with normal renal function who received the same dose. Based on these

data, we recommend that a study be conducted to determine the pharrnacokinetics

of lenalidomide in subjects with renal impairment. The study design should be
consistent with the FDA Guidance, "Pharrnacokinetics in Patients with Renal

Impairment."

1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings (1- 3
pages)

Lenalidomide is structurally similar to the teratogenic drug thalidomide.

Following oral administration, maximum lenalidomide plasma concentrations
occur from 0.5 — 4 hours post- dose. Co- administration with food does not alter

the extent of absorption. Half— life of lenalidomide elimination is approximately 3
hours and the pharmacokinetic disposition of lenalidomide is, at doses up to 10X
the recommended clinical dose of 10 mg, linear. Approximately two- thirds of

lenalidomide is eliminated unchanged through urinary excretion. The process

exceeds the glomerular filtration rate and'therefore entails an active component.
In mutliple myeloma patients with mild renal impairment, AUCs were 56%
higher than in similar patients with normal renal function.

A search for circulating lenalidomide metabolites in human biomaterials (plasma,
urine or feces) was not performed.



Results from human in vitro metabolism studies show that lenalidomide is not

metabolized through the cytochrome P450 pathway. Human in vitro metabolism

studies also show that lenalidomide does not inhibit or induce cytochromes P450.

The pharmacokinetics of lenalidomide in patients with renal impairment or

hepatic impairment have not been systematically studied. The effects of age on

the pharmacokinetics of lenalidomide have not been studied. No pharmacokinetic

data are available in patients below the age of 18 years. The effects of gender on
the pharmacokinetics of lenalidomide have not been studied. Pharmacokinetic
differences due to race have not been studied.

Lenalidomide is a BCS Class 3 (high solubility — low permeability) substance.

Based on the compositional proportionality of the strengths, the dosing regimen

used in clinical trials, pharamacokinetic linearity, and comparative dissolution

profiles, the Applicant requests and will be granted a waiver for an in vivo

bioequivalence study comparing the 5 mg capsule strength studied in efficacy and
safety studies and the 10 mg strength which will be marketed, in addition to the 5

mg strength.

Chemistg Review

The Chemistry Review by Haripada Sarker, Ph.D. was completed on December 5, 2005.

The recommendation and conclusion on approvability follows.

This application is recommended for APPROVAL from a chemistry,
manufacturing and controls standpoint because:

The applicant addressed all the deficienCies satisfactorily. The applicant has

validated the analytical methods for specified impurities and de'gradants. The -

office of compliance has provided an overall acceptable recommendation ( see

attached). The following comments regarding retest for the drug substance and
shelf- life for the drug product should be included in the action letter:

“A retest period of “'2 or the drug substance and a shelf— life of

twenty four months for the drug product will be granted based on stability data
provided”

DDMAC Consultation

A DDMAC consultation on the proposed draft labeling by Joseph Grillo was completed

on September 22, 2005. The comments were discussed during the labeling meetings.

DMETS Consultations

Two DMETS consultations were obtained. The consultation dated June 2, 2005,

concluded the following.

10



In summary, DMETS has no objection to the use of the proprietary name of
Revlimid from a safety perspective. This is considered a final decision. However,
if the approval of the NDA is delayed beyond 90 days from the signature date of
this document, the name with its associated labels and labeling must be re-
evaluated. A re—review of the name before NDA approval will rule out any
objections based upon approvals of other proprietary and/ or established names
from the signature date of this document. In addition, DMETS recommends

implementation of the label and labeling revisions outlined in this memo to

minimize potential errors with the use of this product. DMETS also recommends

that the division consider submitting the patient package insert to the Division of
Surveillance, Research and Communication Support for review and comment.

DDMAC finds the name of Revlimid acceptable from a promotional perspective.

A second DMETS consultation was completed on December 14, 2005. The consultation
again concluded the following.

In summary, DMETS has no objection to the use of the proprietary name of
Revlimid from a safety perspective. In addition, DMETS recommends

implementation of the label and labeling revisions outlined in this memo to

minimize potential errors with the use of this product. DDMAC found the

proprietary name of Revlimid acceptable from a promotional perspective in both
the initial review and this re— review. This is considered a final decision...

DMETS labeling comments were conveyed to the applicant and revised labeling was
submitted and reviewed.

DSRCS Medication Guide Review

The DSRCS consultation on the Medication Guide was completedon December 7, 2005.
The applicant agreed to the recommended revisions to the Medication Guide.

RevAssistSM Program and Office of Drug Safety Consultations

This application is being considered for approval under 21 CFR 314.520 (Subpart H).
Distribution of the drug will be restricted to licensed prescribers who are registered in the
RevAssistSM program and understand the potential risk of teratogenicity if lenalidomide
is used during pregnancy. The primary goal ofthe RevAssistSM program is to prevent
fetal exposures, pending complete and adequate preclinical characterization of the
teratogenic potential of lenalidomide.

The RevAssistSM program includes the following components:

1. Registration in the RevAssistSM program of prescribers, pharmacies, nurses, and
patients who agree to specific responsibilities and requirements in order to
distribute, prescribe, dispense, and use Revlimid®.

ll



2. Implementation of an educational program and associated materials which

describe the risks and benefits of Revlimid® and the required activities for
prescribers, pharmacies, nurses, and patients.

3. Implementation of a reporting and data collection system for safety surveillance
including reporting of pregnancy exposures in real time, a pregnancy exposure
plan, pharmacy audits, voluntary follow-up surveys of prescribers and patients,
and update reports to the FDA.

4. Implementation of a plan to monitor, evaluate, and improve minimizationof drug
exposure during pregnancy and compliance with restrictions for safe use under
the RevAssistSM program.

The Office of Drug Safety Review of the RevAssistSM Risk Minimization Action Plan

submitted on September 30, 2005 was completed on December 15, 2005. The Executive
Summary of the consultation is provided below.

This consult follows a request from the Division of Oncologic Drug Products for
the Office of Drug Safety (ODS) to review, comment, and compare the
Lenalidomide Risk Minimization Action Plan (RevAssistSM) to the System for
Thalidomide Education and Prescribing Safety (S.T.E.P.S.® ) .

Lenalidomide is an immunomodulatory drug being developed for treatment of ‘
patients with transfusion— dependent anemia due to low— or intermediate- 1 risk

myelodysplastic syndromes (MDS). Because of the structural similarity between
thalidomide and lenalidomide, there is a concern that this product carries the same

risk for teratogenicity as has been demonstrated with thalidomide. The Sponsor
was informed that until such time as more definitive animal studies rule out a risk

for teratogenicity, a RiskMAP similar to S.T.E.P.S will be required for approval
and marketing of lenalidomide.

We conclude that the ReVAssist program overall looks comparable to S.T.E.P.S.
based on the side-by—side comparison and therefore is acceptable to us for interim
use until the questionable teratogenicity of lenalidomide is fully characterized and
resolved. There are several outstanding issues that should be resolved prior to
approval. The educational materials for patients and prescribers submitted to date

do not adequately describe the RiskMAP components and requirements. The
Sponsor should also submit a Pregnancy Exposure follow—up plan. A more
complete list of comments and recommendations is included in section 7, pgs 9—
10 of this document.

If animal or human teratogenicity is demonstrated, we would suggest the program
be modified to reflect state-'of—the—art pregnancy prevention risk management
standards in pregnancy testing (e.g., sensitivity to 25 mIU/mL) and contraceptive
methods (e.g. removal of all references to poorly effective contraceptive
techniques _ , as well as a clear definition of females of

child— bearing potential. Currently, the standards being implemented for the
iPLEDGE program represent the Agency’s recommendations of the best available

12



standards. If adequate animal teratogenicity testing is reassuring about fetal risks

such that the RevAssist program to prevent pregnancy exposures is discontinued,

we recommend a pregnancy registry be established to monitor for potential

human teratogenicity.

The comments and recommendations were communicated to the sponsor. On December

21, 2005 ODS provided another consultation on the RevAssist education materials

submitted on December 15, 2005 and on Celgene’s responses to FDA’s December 12,

2005 correspondence concerning RevAssist. The comments and recommendations were

communicated to the applicant. A teleconference between FDA (ODS and DDOP) was

held on December 20, 2005. Agreement was reached on the RevAssist program during
that telecon. '

Post—Marketing Commitments

The applicant has agreed to the following post—marketing commitments:

December 15, 2005 commitment: establish a pregnancy registry to monitor for

potential human teratogenicity if animal teratogenicity testing indicates that the

RevAssistSM program for monitoring fetal exposure is unnecessary.

December 21, 2005 commitments:

1. The embryo—fetal toxicity assessment of Revlimid has not been adequately

addressed. You will need to provide adequate information for this

assessment in appropriate models that firlly assesses the possible toxicity of

Revlimid. These studies should be conducted in two different species that are

appropriate to aSsess the full range of thalidomide embryo—fetal effects. The

rat is not an acceptable model. If the study with lenalidomide in the first

species shows clear evidence of teratogenesis, than a confirmatory study will
not be necessary. Although not generally considered “definitive” test '

systems for pharmaceutical products, additional studies of an exploratory

nature on the embryo—fetal effects of lenalidomide (e.g., ‘ ~— , assay;

-/ assay), though not required, may be usefirl. '

Protocol Submission: 06/06

Study Start: 09/06

Final Report Submission: 12/07

Submission of the study report and data from the ongoing study, CC—5013—MDS—

004, a randomized, double—blind, placebo—controlled, 'multicenter, 3—arm study of

the efficacy and safety of 2 doses of lenalidomide (5 mg daily versus 10 mg day

21 days of a 28 day cycle) versus placebo in red blood cell (RBC) transfusion-
dependent patients with low—or intermediate—l-risk myelodysplastic syndromes

(MDS) associated with a deletion 5q cytogenetic abnormality when completed.
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Protocol Submission: 03/05

Study Start: 08/05

Final Report Submission: 12/08

Following Revlimid dosing, approximately 2/3 of lenalidomide is excreted as

unchanged drug in urine. 1n multiple myeloma patients with mild renal

impairment, exposure (plasma AUC) was 56% higher than in similar patients

with normal renal function who received the same dose. Based on these data,

you should conduct a study to determine the pharmacokinetics of

lenalidomide in subjects with renal impairment. The study design should be

consistent with the FDA Guidance, "Pharmacokinetics in Patients with

Impaired Renal Function.” 5

Protocol Submission: 11/04

Study Start: 03/06

Final Report Submission: 12/07

Regarding the Evaluation/Surveillance Plan:

Submit a Pregnancy Exposure follow-up plan which will document your plan to

follow-up pregnancy exposures to their outcome. This plan may be submitted as a

post-marketing commitment.

Plan submission 06/01/06

Submit an Evaluation Plan of RevAssist to FDA within 3 to 6 months of approval.

This should at a minimum include plans to study the Pharmacy Audit Plan,

Outcomes of Pregnancy Exposures, and the Knowledge Surveys of physicians,

nurses, and patients.

Plan submission 06/01/06

' Submit all exposed pregnancies within 15 days of receipt as .15 day expedited
' reports.

Conclusions

Agreement has been reached on the final labeling, the post—marketing commitments, and

the RevAssist program. I concur with the recommendations for approval of this

application for the proposed indiCation under the provisions of 21 CFR 314.520 (Subpart
H).

Robert L. Justice, M.D., M.S.

Acting Director

Division of Drug Oncology Products

Office of Oncology Drug Product

Center for Drug Evaluation and Research
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Division of Oncology Drug Products

Medical Team Leader’s Review

NBA: 21880

Sponsor: Celgene

Drug Product: . Revlimid, Lenalidomide, CC-5013

Projected Action Date: October 7, 2005

Summary

On April 7, 2005, Celgene submitted this New Drug Application (NDA) for

lenalidomide, a thalidomide analogue and a new molecular entity, for the

treatment of patients (pts) with transfusion-dependent anemia due to low— or

intermediate-1 risk myelodysplastic syndromes (MDS) associated with a deletion

5q (del 5 q) cytogenetic abnormality with or without additional chromosomal

abnormalities for accelerated approval. '

During the application review, a number of significant issues were identified. The

review team decided that the application should go to an Oncology Drugs

Advisory Committee.

The key issues for consideration were:

1) Whether a single arm trial design can be used in a heterogeneous disease

(myelodysplastic syndrome (MDS)),

2) Whether an “8-week transfusion-free endpoint” can be used in a single
arm trial to demonstrate clinical benefit,

3) Whether the dose regimen (10 mg continuous) is excessively toxic and a

reduced dose regimen should be studied,

4) Whether the teratogenic potential of lenalidomide, a thalidomide analogue,

has been adequately characterized,

5) Whether additional risk management measures (e.g., STEPS program)

should be implemented until completion of further studies.

On September 14, 2005, the ODAC met and discussed the application. Most

members agreed that the drug had activity for this subtype of MDS (del 5 q);

however, some members felt that the single arm trial design did not allow an

understanding of the truelbenefit. ln additidn, most members felt the 10 mg
regimens were toxic.

Reproduced below are the questions and the voting on the application.
Question #1



Randomized controlled trials allow for direct comparisons of treatment effects

and safety between treatment arms. A single arm study has been submitted

using an 8-week run-in period to serve as a baseline for each patient’s

transfusion requirements. A comparison is subsequently made to a follow-up 8-

week period on Revlimid to compare transfusion requirements. Does this study

design allow adequate characterization of Revlimid’s treatment effect in the

population described in the proposed indication?

Y: 11 N = 4

Question #2

In this single arm trial, 80% of patients enrolled in MDS-003 had dose reductions

and/or delays and 80% of patients experienced either grade 3 or 4 adverse

events. Data do not exist on the efficacy and safety of lower Revlimid doses.

Approval of a drug is contingent upon being able to write adequate product

labeling, requiring a recommended dose and characterization of a safety profile.

Do the data provided inthis single-arm trial provide a basis for a recommended

dose and adequate description of a safety profile?

Y = 2 N = 13

Question #3

Please characterize the magnitude of Revlimid’s benefit and risk in the indication

being sought. After this characterization, does this risk/benefit analysis warrant

approval?

Y = 10 N0 = 5

QueStion #4

At this time, lenalidomide, a thalidomide analogue, does not have adequate

nonclinical studies to assess reproductive/developmental safety. Should a
risk/management program with a goal of no fetal exposures to Revlimid be

instituted until the nonclinical reproductive/developmental safety assessments
are addressed?

There was no vote taken on'this question.

Application

This application contains 3 open—label, single arm phase studies in MDS (MDS-
001, MDS-002, and MDS-003). Two of these studies have enrolled patients with



del 5q abnormality (MDS-001 and MDS-003 studies). Problems with the single
arm study design include:

1) lack of information on a historical control population

2) question of whether 8 weeks (56 days) of transfusion data prior

to study entry defines a population that is transfusion—dependent

3) question of whether a rolling 56 days of freedom from

transfusion represents Clinical benefit

Efficacy

This reviewer evaluated data from all three studies and previously submitted

NDAs for the treatment of MDS. The response rates (a rolling 56 days/8 weeks of
freedom from transfusion) for the del 5 MDS population in studies MDS-003 and

MDS-001 are approximately 65%. The response rate (transfusion independence

for 8 weeks) for the non-del 5 MDS population is 21% in MDS-002. The response

rates for the placebo/supportive care arms in recently submitted NDAs are 20-

30%. in MDS-003, the duration of transfusion independence for some responding
patients was greater than a year, suggesting clinical benefit.

Accepting the single arm study design with all its flaws, the MDS-003 study’s
result suggest that 10 mg Revlimid is efficacious for the treatment of low to

intermediate-1 risk del 5q MDS patients with transfusion-dependent anemia.

However, the safety of this dose is a concern.

Safety/Dose Regimen Issues .
The choice of 10 mg dose for the MDS-003 was based on the results from the

MDS-001 study, a study that enrolled both del 5 q and non-del 5 q MDS patients.

In that study 70% of patients were non-del 5 q MDS. These patients appeared
better able to tolerate the 10 mg regimen as evidence by the dose reduction and

safety‘results when studies MDS-002 and MDS—003 are compared.

Approximately 80% of the del 5 q MDS patients treated with 10 mg continuous or

syncopated (21 days/28 days) dosing had either a dose reduction or dose delay.

Thirty-four percent of patients had an additional (second) dose reduction/delay.

In contrast, 47% of the non del 5 q MDS patients had a dose reduction or delay.

Few del 5 q MDS patients initiated therapy on the 5 mg dose. Only 3 del 5 q
MDS patients are started initially on the 5 mg dose in the MDS-001 and MDS-

003 studies. Two of those patients achieve transfusion independence for 8
weeks. '

Reproductive Safety

In addition, the applicant’s submission had an incomplete reproductive toxicity
study. The Agency’s pharmacology/toxicology review team will request at least

one additional study to be performed.

Recommendation



Based on the strong comments made by several ODAC members stating that

hematologists and oncologist are experienced enough to appropriately dose

reduce/delay when toxicity arises and the suggested efficacy in the MDS—003

study, this reviewer recommends full approval provided the sponsor agrees to
the following:

1) Strong labeling: The labeling should include Black box warnings and bolded

warnings regarding the prevention of fetal exposures, 80% dose reduction and

dose delay seen in the del 5 q MDS population, and the 80% grade 3 and 4

adverse event data seen in MDS-003. The labeling should also include weekly

peripheral blood counts \ __

2) Risk Management Plan: Due to lenalidomide’s structural similarity to

thalidomide and the inadequate developmental toxicity study, this reviewer

recommends that a risk management program very similar to that for thalidomide

be instituted to prevent the risk of fetal exposure until developmental toxicity

issues have resolved (new studies have been performed and undergone Agency

review).

3) Submission of the ongoing European study when completed. The sponsor has

proposed study CC-5013-MDS-004, a randomized, double-blind, placebo-

controlled, multicenter, 3—arm study of the efficiency and safety of 2 doses of

lenalidomide (5 mg daily versus 10 mg days 1-21, 7 days rest (28 day cycle))

versus placebo in red blood cell (RBC) transfusion-dependent subjects with low-

or intermediate-1-risk myelodysplastic syndromes (MDS) associated with a del

5q cytogenetic abnormality. This study will be conducted in Europe. The primary

endpoint is RBC transfusion independence for 2 26 weeks (182 days).

4) Submission of adequate reproductive safety studies for the Agency to review.

Background:

MDS ,

At the present time, myelodysplasia is an incurable and progressive disease with

an estimated 15,000 — 20,000 new cases diagnosed each year in the US. The

myelodysplastic syndromes (MDS), formerly called pre—leukemia or “smoldering"

leukemia, consist of a group of heterogeneous diseases characterized by

ineffective hematopoiesis leading to one or more peripheral cytopenias

(neutropenia, anemia, thrombocytopenia) and progressive bone marrow failure.

Although the disorder can be found in children as well as adults, the highest

prevalence occurs in those over 60 years of age.

Treatment for MDS ranges from supportive care to bone marrow transplantation.

Remissions do not occur without treatment. The only hope for a cure is an

allogeneic bone marrow transplantation (AlloBMT). Few MDS patients are

eligible for an AlloBMT because of the age limitation of this procedure (i.e., less



than 65). Recently some older patients with MDS have been undergoing

nonmyeloablative therapy. Most patients receive supportive care which may

include cytokine therapy (erythropoietin, granulocyte-colony stimulating factor,

granulocyte-macrophage colony stimulating factor), red blood cell and platelet

transfusions, and prophylactic antibiotics. The only approved therapy for MDS is

Vidaza (azacitadine). Patients whose disease responded to Vidaza experienced
clinical benefit such as elimination of the need for red blood cell transfusions.

Vidaza responded patients also achieved other benefits such as an improvement

in neutropenia and thrombocytopenia and for some patients normalization of

peripheral blood counts and loss of marrow dysplasia.

Regulatory History

The IND was opened on March 31, 2000. Celgene requested Fast Track

Designation on December 23, 2002. The application was denied because no

efficacy data on use of Revlimid in the treatment of MDS and plan for drug

development were submitted. The application was resubmitted in February 2003

and Fast Track designation was granted on April 11, 2003 based on preliminary

results from the MDS—001 study and a drug development plan which included a

controlled trial. The Agency has met several times with Celgene for pre-NDA

meetings prior to submission of the NDA.

For additional details, please see Dr. Hazarika’s review.

Chemistry:

From the ODAC briefing document

Lena/idomide and thalidomide are structurally related as they both possess

piperidindione and indoline moieties. They both have an asymmetric center and
both are manufactured as racematic mixtures. Lena/idomide lacks the

symmetrical indolindione of thalidomide and bears an amino function on its

aromatic ring system which contributes to its, lower lipid solubility.

Based upon the similarity in structure, one would predict that thalidomide and

lena/idomide would be metabolized and degrade in a similar manner. The

asymmetric carbon on each molecule bears an acidic hydrogen and both

molecules readily enolize. lmide hydrolysis and amide hydrolysis would explain

the respective drug-derived moieties formed by each. Their degradative

pathways, while apparently similar, have not resulted in any common

degradation products in animals.

The drug-degradation products have been confirmed through _ V, _
./ and _ \ when studied in rat and monkey.



For further details, please see Dr. Sarker’s Chemistry, Manufacturing, and Control
review of this NDA.

The reviewer did not identify any phase 4 commitments.

Nonclinical Pharmacology and Toxicology Information:

Mechanism of Action

From the ODAC briefing document

Lena/idomide and the parent compound, thalidomide, possesses both

immunomodu/atory and antiangiogenic properties. Lena/idomide inhibited the

secretion of pro-inflammatory cytokines, increased the secretion of anti-

inf/ammatory cytokine from peripheral blood mononuclear cells, and induced T-

cell proliferation. Lena/idomide inhibited cell proliferation with varying '
effectiveness (/0505) in some but not all cell lines. Of cell lines tested,

Ienalidomide but not thalidomide, was effective in inhibiting growth of Namalwa

cells (a human B cell lymphoma cell line with a deletion of one chromosome 5)
but much less effective in inhibiting growth of KG-1 cells (human myeloblastic cell
line, also with a deletion of one chromosome 5) and other cell lines without

chromosome 5 deletions. Thalidomide is considered less potent relative to

Ienalidomide, depending upon the assay used. The mechanisms of action

responsible for anticancer activity for either compound remains to be fully
explored.

Developmental toxicology studies were conducted in rats and rabbits to examine

possible teratogenic effects of Ienalidomide. The rabbit study contained a
thalidomide arm as a positive control, as the'New Zealand White rabbit is known

to be sensitive to thalidomide ’s teratogenic effects. Teratogenic effects were not

seen in either study with Ienalidomide. However, the rat is not sensitive to

thalidomide and thus is not considered a useful model for evaluating thalidomide-

Iike effects. The highest dose used in the pivotal rabbit teratogenicity study did,
not meet the lavel of being sufficiently maternal/y toxic, a standard endpoint in

teratogenicity studies to assess appropriate dosing. Maternal toxicity was

observed in rabbits at higher doses in the dose-range finding study.

Thalidomide is a well-known teratogen, but the mechanism of teratogenicity is
not established. It is not known whether thalidomide itself, degradation

product(s), or both are responsible for teratogenicity. Thalidomide derived
products have been identified in animals and humans; Ienalidomide derived

products have been identified in animals but not searched for in humans. It is

likely that both compounds share similar metabolic or degradative pathways.

Modeling suggests that the intermediates and final products would be structurally
similar, but chemically unique, for each drug.



The pharmacology toxicology team finds the submitted developmental
toxicity/reproductive safety studies to be inadequate and recommends that

additional studies be performed as phase 4 commitments.

For further details, please see the Pharmacology and Toxicology reviews of this
NDA. ‘ '

Human Pharmacology:

From the ODAC Briefing Document

Lena/idomide pharmacokinetics in patients with renal impairment or hepatic
impairment have not been studied. The effects of age on lenalidomide

pharmacokinetics have not been evaluated. No pharmacokinetic data are

available in patients <18 years. The effects ofgender on lenalidomide

pharmacokinetics have not been studied. Pharmacokinetic differences due to

race have not been studied. A search for circulating lenalidomide metabolites in

human biomaterials (plasma, 'urine or feces) was not performed.

The Office of Clinical Pharmacology and Biopharmaceutics (OCPB) identified the

lack of a renal impairment study for Revlimid, which is renally excreted, to be a
concern.

The Office of Clinical Pharmacology and Biopharmaceutics phase 4 commitment

is that the sponsor conduct a renal impairment study.

Fieviewer’s Comment: Enrolled patients in the clinical studies submitted were

required to have a serum creatinine < 2.5 mg/dl.

Clinical Studies Summary:

Three single arm, open-label studies are submitted for review. MDS-002 and

MDS-003 are multicenter, whereas MDS-001 is single center. For all studies the
crucial inclusion criteria were:

1) diagnosis of low-or intermediate-1- risk lPSS MDS

2) RBC transfusion- dependent anemia defined as having received 2 2 units
of R805 within 8 weeks of study treatment

3) Women of childbearing potential must have a negative serum or urine ,

pregnancy test within 7 days of starting study drug. in addition, sexually
active WCBP must agree to use adequate contraceptive methods (oral;

injectable, or implantable hormonal contraceptive; tubal ligation; intra-
uterine device; barrier contraceptive with spermicide; or vasectomized

partner) while on study drug. WCBP must agree to have pregnancy tests
‘ every 4 weeks while on study drug



The crucial exclusion criteria were:

I) Pregnant or lactating females

2) Proliferative (WBC 2 12,000/uL) chronic myelomonocytic leukemia

(CMML)

3) Use of hematopoietic growth factors within 7 days of the first day of study
drug treatment

4) Chronic use (> 2 weeks) of greater than physiologic doses of a

corticosteroid agent (dose equivalent to > 10 mg/ day of prednisone)
within 28 days of the first day of study 00- 5013 treatment

5) Use of experimental or standard drugs (i. e. chemotherapeutic,

immunosuppressive, and cytoprotective agents) for the treatment of MDS

within 28 days of the first day of study 00- 5013 treatment.

6) Use of any other experimental therapy within 28 days of the first day of
study CC- 5013 treatment.

7) Renal insufficiency (patients with a serum creatinine 22.5 mg/dl)

MDS—001 inclusion and exclusion criteria differed slightly in that patients with
hemoglobin less than 10 mg/dl were included in the study even if they did not
require transfusions.

Table of Revlimid Studies
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MDS-002 Dose regimen
study

10 mg continuous

(100 pts); 10 mg
syncopated (1 15

 
 

 
 
 

 

 

 
 

 
 
 

 
 

Transfusion free

for rolling 56
weeks

MDS-003 Dose regimen
study

10 mg continuous

(103 ); 10 mg
syncopated (45)

 
   

'Modified from lWG criteria
Reviewer's Table

The primary endpoint for the MDS-003 study was RBC transfusion independence
defined as the absence of the intravenous infusion of any RBC transfusion during
any consecutive “rolling” 56 days during the treatment period, i.e., days 1 to 56,

days 2 to 57, days 3 to 58 etc. and at least a 1 gm/dl increase in hemoglobin over
baseline.



Reviewer’s Comment: The transfusion independence criteria in the MDS-003

study are modified from the Independent Working Group criteria. The IWG

criteria are more stringent in that those criteria require at least a 2 gm/dl '

hemoglobin increase and that the responder be not receiving cytotoxic therapy at
the time of response.

This review focuses on the del 5 q MDS population as this is the indicated

population for Revlimid. These patients were enrolled in MDS-001 and MDS-003.

Relevant Concomitant Medication Use and Prior Medical History

Although a number of medications were used by patients on studies, this

reviewer was impressed by the use of medications to treat MDS or complications

of MDS. For MDS-003, 31.8% of patients used iron chelating agents. For the
MDS—003 study, approximately 90/148 (61%) of patients had hemachromatosis

as a diagnosis with an additional 4/148 (2.7%) of patients had hemosiderosis.

For MDS-003, 17/148 (11.5%) had used injectable forms of erythropoietin.

Prior Transfusion Histog/

Prior transfusion history is limited by baseline data collection. For some patients,

the only baseline data is that collected from the 8 weeks prior to study entry. Per
the medical efficacy reviewer the median number of transfused units is 6 for the

MDS-003 study.

For the MDS-003 study, the median time from diagnosis of MDS is 3.4 years
(O.1-20.7).

For other details on enrollment criteria and demographics for these studies as

well as analysis populations, please see Dr. Hazarika’s review.

Results 7

Trial results for MDS patients (using sponsor's data)

Study RR R del 5 q RR non-del 5 q
Identifier 25mg continuous syncopated MDS MDS -

‘ ououlation

MDS-001 3/13 5/12 (42%) 2/18* (10%) 9/13 (70)% 8/30 (27%)(New _
MDS-002 Not 18/98 (18%) 28/113 (25%) Not 46/211 (22%) '

N=148 *” a ulicable 63%

*Two patients excluded from this table had CML.

“For Study MDS—002: Four patients did not have MDS. Two patients in each dose regimen did
not have MDS. Two patients started on 5 mg continuous and one had a major response.

“*For Study MDS-003: Three patients did not have MDS. One patient was started on 5 mg and
had a major response.
Reviewer’s Table
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Comment Regarding Transfusion Independence Response Rates: Similar

analyses of transfusion-independence in M08 applications submitted for review

have suggested that 20%-30% of transfusion-dependent MDS patients on the

supportive care/placebo arm can achieve a transfusion-free period of 8 weeks or
more.

In MDS—OOS, in general patients with more than one genetic abnormality did not
do as well as those with the isolated del 5 q MDS.

Below is this reviewer’s table of RR by cytogenetic abnormality. Although it is

difficult to ascribe categories with this type of data, this reviewer reviewed the

dataset CYTO and categorized patients as having isolated del 5 or not. To have

an isolated del 5, the deletion had to involve some part of q31-33.

Reviewer’s Table: RR in MDS b c o-enetic abnormalit

Study RR isolated del 5 MDS RR del 5 MDS plus other abnormality
Identifier

MDS-001 1/1 (100%)

MUS-003
N=145

Reviewer’s Comment: These results agree with the sponsor’s analyses.

 

 
 

   
 

 

 

  

  
 

9/13 (70%)
  

 62/89 (70%) 32/56 (57%)   

The sponsor performed additional sensitivity analyses of the hemoglobin (Hgb)

change from baseline Hgb level by different computations. In sensitivity analysis

#1 (pre mean-post mean): the mean baseline Hgb value in the 56-day period

preceding first dose of study drug is subtracted from the mean Hgb value during

the response period (excluding the 30 days after the last transfusion prior to the

response period). In sensitivity analysis 2 (pre min—post mean): the minimum

baseline Hgb in the 56-day period preceding first dose of study drug is subtracted

from the mean Hgb value during the response period (excluding the 30 days after

last transfusion prior to the response period).

The table below shows the hemoglobin change based on the different sensitivity

analyses.

Sponsor’s Table: Sensitivity Analyses of Change from Baseline Hemoglobin 

 
 

 Analysis Hemoglobin (gldL)

Median at Median Median Median at Median Median
baseline baseline during Change

Response

 

 
 
  
 
 

  7.7 5.5 Original NDA  
  



I]

   

Sensitivit 1

Sensitivit 2 12.2 4 2

Response to FDA request for information, August 24, 2005.
N=number of transfusion independence responders

  
 
    

Reviewer’s Comment: Due to the confounding transfusions in the pre—study

period, an accurate assessment of hemoglobin benefit is extremely difficult and

subject to bias. The above analysis highlights one of the main problems with

determining the effectiveness of this agent with the single arm trial design.

In MOS-003, major cytogenetic responses defined as no detectable cytogenetic
abnormality if present at baseline were observed in approximately 41% of

patients.

Reviewer’s Comment: The development of a new clone would not effect the

major cytogenetic response rate.

For additional details regarding response criteria, definitions, and secondary
endpoint results, please see the Medical Officer’s review of this NDA.

Overall Safety Assessment

Two major safety concerns exist with this dose and the continuous and -

syncopated regimens. The first is the concern for tetratogenicity because of the

inadequacy of the rat and rabbit study for maternal and fetal toxicity. The second

is the high number of del 5 q MDS patients who had to have either a dose

reduction/delay with either the 10 mg continuous or syncopated dosing regimens
due to toxicity.

Adverse events (AEs) seen in greater than 5% of patients included:

gastrointestinal (diarrhea, constipation, nausea, vomiting, abdominal pain, and

dry mouth), skin and subcutaneous tissue disorders (pruritis, rash, dry skin, night

sweats), general (fatigue, edema, pyrexia, asthenia, edema, pain including chest

pain), hematologic (neutropenia, thrombocytopenia and anemia), respiratory

(cough, dyspnea, nasopharyngitis, epistaxis), musculoskeletal (muscle cramp,
arthralgia, back pain, pain in limb, myalgia, swelling), nervous system (headache,

dizziness, and dysgeusia), infection, metabolism and nutrition (anorexia and

decresed appetite), eye disorder (blurred vision), and psychiatric disorder

(insomnia). The 2 most frequent AEs were hematologic followed by
gastrointestinal.

The most common serious adverse events (SAEs) seen in greater than 1% of the

patients were gastrointestinal (diarrhea), hematologic (anemia, neutropenia,

thrombocytopenia, pancytopenia) general (pyrexia, asthenia), respiratory (pleural

effusion, dyspnea), infection, metabolism and nutrition (dehydration), cardiac
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disorder (failure, atrial fibrillation) and vascular disorder (deep vein thrombosis).
The 2 most common SAEs appeared to be infections and hematolgic.

Interestingly, there appeared to be a difference in serious adverse event rates

between the 2 MDS populations when MDS—002 and MDS-003 are compared.
The Agency safety reviewer’s table below illustrates the differences in sOme

adverse event rates betWeen the 2 studies for the 10mg dosing regimens
combined (continuous and syncopated).

Key Differences in the Frequency of Serious Adverse Events between MDS-003 and MDS-
002 (Reviewer’s Table)

    

Serious Adverse Event

Percenta e of patients with SAE
Blood

-Neutropenia and febrile neutropenia 9.5% 2.8%
—Thrombocytopenia 3.4% 0.9%
-Anemia 2.7% 3.7%

-Pancytopenia 2.0% 0.9%

MUS-003, N = 148
41.2% 

 
 

  
 
  

MOS-002, N = 215
35.8% '

   

 
  

  

Infections _

-Pneumonia, pneumonitis, sepsis, infection 13.6% 5.1%
   

Vascular

-Pulmonary embolism 0%
-Deep venous thrombosis 0%

Data source: Table 33 (MDS—003 Study Report) and Table 34 (MDS-OO2 Study Report)

 

Heviewer’s Comment: The efficacy data and the serious adverse event data

above seem to suggest that the del 5 q MDS population appear more sensitive
as well as responsive to the drug.

ln MDS-OOB, 80% of patients had any close reduction/delay, while another 34%
had an additional dose reduction/delay. The majority of patients had both a dose

reduction and a delay. Lower percentages of patients in the MDS-002 study had
any dose reduction/delay (47%) and a second dose reduction/delay (23%).

In MDS-003, the most common adverse events and serious adverse events

reported in the studies were hematologic (neutropenia and thrombocytopenia)
and infections. Eighty percent of patients had grade 3 or 4 adverse events.

Reviewer’s Comment: Due to the single arm study design it is difficult to

determine whether the need for dose reductions is due to the underlying MDS or
lena/idomide or both.
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The sponsor performed subgroup analyses. Patients older than 65 years of age

had more SAEs than subjects 65 years of age and younger (42.1%, 120/285 vs.

28.2%, 31/110). There was no significant difference between males and females

in the frequencies of SAEs (38.0% vs. 38.5%). More DVTs occurred among

females (2.1%) than in males (0%). Ethnicity analyses were not performed as

94% of the population was white. In general the Agency safety reviewer agreed

with the sponsor. The Agency safety reviewer stated in his review that “All of the

above categories (hematological, infectious, respiratory, gastrointestinal,

vascular, and general disorders) were all about twice as freguent in the over 65

year old patients. “

Deaths

Although the Agency and sponsor agreed that the on study death rate was

approximately 7%, some differences between the safety reviewer and the study

report exist in attribution of death. Attribution of death in a single arm trial can be

difficult. Also, noted in some cases, patients died either during study or of

ongoing complications following their termination from study. Twenty-eight on-

study deaths (either during the study or within 30 days after the last visit date)

occurred in 408 subjects. The 120-Day Safety Update contains narratives of a
total of 42 deaths.

Fleviewer’s Comment: In a single arm study, it is difficult to establish causality. In
the absence of certain data, this reviewer would attribute the possibility that

lenalidomide contributed at least in part to some of the deaths.

For further details, please see the Medical Officers’ review of this NDA.

Ongoing Study ,

The sponsor also has an ongoing study, CC-5013-MDS—OO4, a randomized,

double-blind, placebo-controlled, multicenter, 3-arm study of the efficiency and

safety of 2 doses of lenalidomide (5 mg daily versus 10 mg days 1-21, 7 days

rest (28 day cycle)) versus placebo in red blood cell (RBC) transfusion—

dependent subjects with low-or intermediate-1-risk myelodysplastic syndromes

(MDS) associated with a del 5q cytogenetic abnormality. This study is ongoing

in Europe. The primary endpoint is RBC transfusion independence for 2 26

weeks (182 days). '

Division of Scientific Investigations

For additional details, please see the Division of Scientific lnvestigationsreport-
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Discussion

This reviewer remains concerned about the potential for fetal exposure and the
high rate of dose reduction/delay in the MOS-003 study in the indicated

population. Once a drug is approved and marketed, the adverse events usually
increase as the drug is no longer being monitored and administered under the

well controlled conditions of an investigational trial.

Conclusions and Recommendations

Based on the strong comments made by several ODAC members stating that
hematologists and oncologist are experienced enough to appropriately dose
reduce when toxicity arises and the suggested efficacy in the MOS-003 study,
this reviewer recommends full approval provided the sponsor agrees to the
following:

1) Strong labeling: The labeling should include Black box warnings and bolded
warnings regarding the prevention of fetal exposures, 80% dose reduction and

dose delay seen in the del 5 q MDS population, and the 80% grade 3 and 4

adverse event data seen in MDS-003. The labeling should also include weekly
peripheral blood counts ~ ‘

2) Risk Management Plan: Due to lenalidomide’s structural similarity to
thalidomide and the inadequate developmental toxicity study, this reviewer
recommends that a risk management program very similar to that for thalidomide

be instituted to prevent the risk of fetal exposure until developmental toxicity
issues have resolved (new studies have been performed and undergone Agency
review).

3) Submission of the ongoing European study when completed. The sponsor has
proposed study CC—5013-MDS-004, a randomized, double-blind, placebo-

controlled, multicenter, 3-arm study of the efficiency and safety of 2 doses of

lenalidomide (5 mg daily versus 10 mg days 1-21, 7 days rest (28 day cycle))
versus placebo in red blood cell (RBC) transfusion-dependent subjects with low-
or intermediate-t—risk myelodysplastic syndromes (MDS) associated with a del

5q cytogenetic abnormality. This study will be conducted in Europe. The primary
endpoint is RBC transfusion independence for 2 26 weeks (182 days).

4) Submission of adequate reproductive safety studies for the Agency to review.
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1 EXECUTIVE SUMMARY

1.1 Recommendation on Regulatory Action

Based on this review of NDA 21-880, Lenalidomide (Revlimid®) should receive regular
approval for the treatment of patients with transfusion—dependent anemia due to low or

intermediate—1 risk myelodysplastic syndromes (MDS) associated with a deletion Sq cytogenetic
abnormality with or without additional cytogenetic abnormalities.

Lenalidomide was brought before the Oncology Drug Advisory Committee on Sept 14, 2005.
The ODAC committee agreed that the benefit versus risk analysis warranted approval.

1.2 Recommendation on Postmarketing Actions

1.2.] Risk Management Activity

Due to the inadequacy of the reproductive safety assessment, FDA has a concem regarding the
risk of teratogenicity and the potential fetal exposure to lenalidomide. The sponsor should
implement a risk management plan (S.T.E.P.S. program) until the reproductive safety tests have
been completed satisfactorily. '

Of c0ncem is also the high incidence of neutropenias and thrombocytopenias requiring dose
modifications. The risk management plan should include close monitoring 'of cytopenias.

A Black Box Warning should be placed in'the label to include the unknown pregnancy risk and
the recommendation to prevent fetal exposure and should also include weekly monitoring of
neutropenias and thrombocytopenias.

1.2.2 Required Phase 4 Commitments

Not applicable.

1.2.3 Other Phase 4 Requests

Celgene has a phase 3 study (CC-SOl3—MDS—004) ongoing in Europe. It is a randomized,
double-blind, multicenter, placebo—controlled 3—arm study evaluating a lower dose of S mg daily
versus 10 mg for 21 days in a 28 day cycle, administered to red blood cell (RBC) transfusion—
dependent adult patients with low or intermediate-1 risk myelodysplastic syndrome (MDS)
associated with a Sq [31] deletion (del Sq) cytogenetic abnormality. Patients with MDS clones
that have a del Sq cytogenetic abnormality plus other additional cytogenetic abnorrnalities are
eligible. The primary endpoint is RBC transfusion independence for 226 weeks.
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Reproductive safety assessment in this drug was inadequate as reviewed by the
pharmacology/toxicology team. Celgene is required to conduct further tests to adequately assess
the risk of teratogenicity.

A renal impairment study should be conducted.

1.3 Summary of Clinical Findings

1.3.1 Brief Overview of Clinical Program

Celgene Corporation has submitted a New Drug Application (NDA) for lenalidomide for regular
approval based primarily on the results from a single—arrn study in patients with transfilsion

dependent anemia due to low or intermediate-1 risk myelodysplastic syndromes (MDS)
associated with a deletion S (q 31—33) (del Sq) cytogenetic abnormality with or without
additional cytogenetic abnormalities.

The sponsor submitted three single-ann, open—label studies in the application’s clinical section.

CC—5013—MDS—003 was a single—arm, phase 2, multicenter study in transfusion—dependent MDS
patients with an International Prognostic Scoring System (lPSS) of low or intermediate—1 risk

with an associated del Sq. CC—SOl—MDS—OOI was a pilot, phase 1/2 , single—center, dose-finding
study in patients with MDS. CC—5013—MDS—002 was a phase 2, multicenter study in
transfusion—dependent MDS patients with an lPSS of low or intermediate-l risk without an

associated del Sq.

Patients enrolled in study CC—5013—MDS-002 and CC—5013—MDS—003 were transfusion—

dependent as defined by a requirement of 2 or more units of packed red blood cell (RBC) units 8
weeks prior to start of study drug. Patients enrolled in study CC—SOl—MDS—OOI required to be
transfusion-dependent as defined by a requirement of 2 4 RBC units 8 weeks before enrollment,
or have less than a certain hemoglobin level.

CC-5013—MDS-003 is the main study for consideration of this application with CC—SOl-MDS—
001 containing supportive data. CC—5013—MDS—002 serves as a reference for the response rate in
a population that may not be sensitive to lenalidomide.

1.3.2 Efficacy

The NDA submission consisted of two single-arm, phase 2 clinical studies relevant to the

proposed indication, one very small. The patient population consisted of patients with

transfusion—dependent anemia due to low or intermediate-l risk MDS associated with del Sq
cytogenetic abnormality with or without additional cytogenetic abnormalities. The transfusion

entry criterion is based on the RBC units transfused in the 8 weeks prior to start of study drug.
The median number of RBC units transfiised was 6. The main study enrolled 148 patients using
oral lenalidomide as a single agent given in 2 dose regimens, 10 mg daily or 10 mg for 21 days
in a 28—day cycle.
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The primary endpoint was the determination of RBC transfusion independence. A rolling 56 day
(8 week) transfirsion free period was used for transfusion independence response. The RBC

transfusion independence response of 67% (99/ 148) was seen with 21.0 g/dL increase in

hemoglobin. These responses lasted for a minimum of 8 weeks with a median duration of

transfusion independence in responders of 52 weeks. Major cytogenetic responses were seen in

43% (52/ 120) patients in whom follow-up bone marrows were present. The study was not

designed or powered to prospectively compare the efficacy of the 2 lenalidomide dosing
regimens.

The supportive study had 10 evaluable patients supporting the proposed indication.

FDA performed an analysis in those patients who met the major eligibility criteria. Ninety—six
patients had transfusion—dependent anemia due to a diagnosis of low or intermediate-l risk MDS

associated with a del 5q chromosomal abnormality with or without additional cytogenetic

abnormalities. The results were consistent with the intent~to-treat population.

The demonstration of the clinical benefit of RBC transfusion independence with median duration

of responses lasting for a year, although substantial, is based mainly on one single—arm,

multicenter trial. A randomized controlled trial is ongoing at present and the sponsor has a Phase
IV commitment.

1.3.3 Safety

All MDS patients, those with Sq deletion (del 5q) and those without Sq deletion (non—del 561),
had adverse events during treatment with lenalidomide. ln absence of a best supportive care
control arm, it is not possible to assign adverse events to lenalidomide instead of MDS. The most

common reported adverse events were neutropenia and thrombocytopenia. They were also the

most common grades 3 or 4 adverse events, the most common serious adverse events (except for

pneumonia), the most common events leading to discontinuations from studies, and the most

common events leading to dose interruptions and dose reductions. Less frequently reported were

rashes, infectious events, fatigue, bleeding events, gastrointestinal events, and others. A very

high percentage (about 80%) of patients reported grades 3 or 4 events. There was a markedly

different adverse event profile in the del 5q population from that in non—del 5q population. The

' del 5q patients had approximately twice as high frequencies of neutropenia and of

thrombocytopenia (all grades and grades 3 — 4 in both cases), a one—third higher frequency of

infections, and higher incidences of bleeding and of venous thromboembolism than non-del 5q
patients.

The increased sensitivity to lenalidomide in the del 5q population may account for the much

greater need for dose reductions and dose interruption of the 10 mg/day starting dose

(administered by either of the two schedules) in the del 5g population compared to non—del 5c]

population (80% of patients vs. 47% of patients). These data suggest that the starting dose of

lenalidomide is too high for the del 5g population, and that careful monitoring is required for

dose adjustment. Because neutropenia and thrombocytopenia can occur rapidly and

unpredictably in some cases, and because the rate of recovery can be delayed, lenalidomide

should be administered only during the period during which it maintains patients free of

10
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transfusions. In cases of patients who do not respond to lenalidomide treatment, the treatment

should be discontinued once a response is unlikely to occur (about 16 weeks).

Patients older than 65 years of age had a higher inc-idenceof serious adverse events than younger
patients, and a greater proportion of them discontinued from the studies because of adverse

events. There were no differences in the overall frequencies of serious adverse events between

genders, and approximately proportions discontinued from the studies because of adverse events.

Patients with renal impairment were excluded from the studies. Because lenalidomide is mainly

excreted by the kidney, renal function should be carefirlly monitored to avoid excess toxicity
during periods of decreased renal function.

Until definitive toxicology studies have determined that lenalidomide, unlike thalidomide, does

not pose risk as a human teratogen, the S.T.E.P.S.program should be implemented.

The benefit of lenalidomide treatment in the del 5q population is substantial; the incidence of

severe adverse events, some life—threatening, is high. Therefore, a balanced medical evaluation

is required before prescribing lenalidomide followed by careful monitoring and dose adjustment.

A Black Box Warning should be placed in the label to include the unknown pregnancy risk and

the recommendation to prevent fetal exposure and should also include weekly monitoring of
neutropenias and thrombocytopenias.

1.3.4 Dosing Regimen and Administration

The recommended dose is 10 mg daily or l0 mg for 21 days in a 28—day cycle. Dosing issues are
addressed in detail in the Safety Section. In the submitted studies, dose delays or reductions

were seen in 80% of patients on the proposed dose regimens. Thus, the recommended dose is too
high for most patients.

1.3.5 Drug—Drug Interactions

A clinical drug interaction study was performed to evaluate the effect of lenalidomide on the

pharrnacokinetics and activity of warfarin. Neither activities nor pharrnacokinetics of either drug
were altered by co—administration.

1.3.6 Special Populations

- In the main study, the median age of patients overall was 70 years. The majority of the patients

were female (66%) and Caucasian (97%). Sixty eight percent of the patients were aged 65 years
and older. '

The transfiJsion—independent responses were similar between age and gender subgroups.

The frequency of serious adverse events(SAEs) was higher in subjects >65 years of age than in

younger subjects (42% vs. 28%). A greater proportion of subjects >65 years of age discontinued

from the studies because of adverse events than the proportion of younger subjects (26% vs.
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16%). There were no differences between genders in the overall frequencies of SAEs and in
percentages of patients who discontinued from studies.

Lenalidomide has an orphan drug status, and pediatric studies are not required.

Patients with serum creatinine 22.5 mg/dL were excluded. No renal impairment study was
performed. Patients with renal or hepatic impairment were excluded. The study excluded
patients with a serum creatinine >2.5 mg/dL. No renal impairment study was performed.
Because lenalidomide is mainly excreted by the kidney, renal function should be carefully
monitored to avoid excess toxicity. ‘
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2 INTRODUCTION AND BACKGROUND

2.1 Product Information

Established name and proposed trade name: Lenalidomide (Revlimid ®)

ChemiCal class: 3-( 4’~ amino— 1,3— dihydro- 1- 0x0— 2H—
isoindol- 2— yl)— 2,6- piperidinedione

Pharmacological class: lmmunomodulatory Drug

Proposed indication: ' Treatment of patients with transfusion—
dependent anemia due to low or intermediate—1 risk myelodysplastic syndromes associated with

a deletion Sq cytogenetic abnormality with or without additional cytogenetic abnormalities.

Dosing regimen: 10 mg daily.

2.2 Currently Available Treatment for Indications

Recent FDA Approved Drugs for the Treatment of MDS

Azacitidine (Vidaza®) for injectable suspension received regular approval by the FDA in 2004
for the treatment of patients with the following myelodysplastic syndrome subtypes: refractory
anemia or refractory anemia with ringed sideroblasts (if accompanied by neutropenia or
thrombocytopenia and requiring transfiisions), refractory anemia with excess blasts, refractory
anemia with excess blasts in transformation, and chronic myelomonocytic leukemia.

Effectiveness was demonstrated in one randomized, controlled trial of comparing azacitidine
administered subcutaneously with best supportive care (observation group) and in two sripportive
single-arm studies, one in which azacitidine was administered subcutaneously and the other in
which it was administered intravenously. The primary efficacy endpoint was the overall
response rate, consisting of complete or partial normalization of blood cell counts and of bone

marrow morphology. Response rate in the azacitidine arm was about 16% with no responses in
the observation arm. Approval was based on a favorable safety profile and a clinical benefit of
eliminating transfusion dependence and complete or partial normalization of blood counts and
bone marrow blast percentages in responding patients.

Non-approved Drugs in Current Usage

Erythropoietin injection (Procrit®) is indicated for the treatment of anemia in cancer patients on
chemotherapy to decrease the need for transfiision in patients who will be receiving concomitant
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chemotherapy for a minimum of2 months. Procrit may decrease transfusion requirements in 15—
25% of patients with MDS, usually those with low plasma levels of erythropoietin. The addition
of G—CSF may increase the response rate, mostly in patients with low transfusion requirements.

Darbepoetin alfa (Aranesp®) was used to treat 37 anemic patients with low— to intermediate—l
risk MDS for 12 weeks. An erythroid response ( 13 major, 2 minor, according to the IWG
criteria) was seen in 15 (40.5%) patients. These were maintained for 7—22 months in 13 of the

responders (l ).

Antithymocyte globulin (Atgam ATG) has been associated with transfilsion independence1n 11
(44%) of patients out of 25 transfusion——dependent MDS patients (with <20% blasts) treated, with
a median duration of 10 months (range 3—38 months). Overall survival was 84% at 38 months
(2)-

5—Aza-2-deoxycytidine (decitabine) was used to treat 66 patients in a phase 2 study with RAEB
or RAEB—t (3). The overall response rate was 49%. The actuarial median response duration was
31 weeks and median survival was 22 months. In addition, 31% of patients with cytogenetic
abnormalities presented before treatment achieved a cytogenetic response which conferred a
survival advantage to these patients. At present, decitabine is not marketed.

2.3 Availability of Proposed Active Ingredient in the United States

This drug is not currently marketed in this country.

2.4 Important Issues With Pharmacologically Related Products

Lenalidomide is a member of a class of pharmaceutical compounds known as

immunomodulatory drugs with a spectrum of activity that is not fully characterized.

Thalidomide (Thalomid®, Celgene Corporation), an immunomodulatory drug, was approved by
the FDA1n July 1998 (NDA 020785) for the acute treatment of the cutaneous manifestations of

moderate to severe erythema nodosum leprosum. It13 also indicated as maintenance therapy for
prevention and suppression of the cutaneous manifestations of erythema nodosum leprosum
recurrence. _

The most serious toxicity associated with thalidomide13 its documented human teratogenicity.
The risk of severe birth defects, primarily phocomelia or fetal death, is extremely high dunng the
critical period of pregnancy. Somnolence, dizziness, and rash are the most commonly observed
adverse events associated with the use of thalidomide. Thalidomide is also associated with

drowsiness/somnolence, peripheral neuropathy, orthostatic hypotension, deep venous
thrombosis, neutropenia, and HIV viral load increase. Hypersensitivity to thalidomide and
bradycardia in patients treated with thalidomide have been reported.

Thalidomide is under investigation for use in MDS and in multiple myeloma (MM).
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Of major concern to the FDA is whether the structural similarity between thalidomide and
lenalidomide may predict for the reproductive toxicity with this class of drugs. The embryo—fetal
development in lenalidomide has not been adequately addressed. Please refer to the

Pharmacology/Toxicology review for further details.

2.5 Presubmission Regulatory Activity

April 27, 2000: Investigational New Drug (IND) # 60100 allowed to proceed

May 1, 2002: a

May 1, 2002: ~—

July 25, 2002: j —

December 23, 2002: The Fast Track Designation was denied due to lack of a drug development
plan that included a randomized, controlled trial. ,

January 23, 2003: K

April 11, 2003: Fast Track Designation granted to treat patients with transfusion—dependent
MDS based on preliminary results from study 001 and a drug development plan which included
MDS—002 (Phase 2 open—label study) and MDS-00X, a Phase 3 multicenter, randomized,
controlled study.

June 6, 2003: End—of—Phase l Myelodysplastic Syndrome ,
FDA agreed that transfusion independence with an appropriate trial design could be an
acceptable endpoint to demonstrate clinical benefit. However, the short time-frame to establish a

baseline for the required transfiision—dependence entry criteria was discussed and the short time-
frame to establish efficacy (i.e., 8 weeks) in a patient population that will survive for years and

potentially use this drug for years was discussed. RBC transfilsion independence as an endpoint
may not be acceptable if there is an increased need for platelet transfusions. The duration of

response of 8 weeks may not be acceptable where the median survival is measured in years.
FDA recommended randomized, controlled trials using an endpoint with a longer duration of
response.

January 29, 2004: Granted orphan drug status for the treatment of MDS on Designation
Request # 03—1803. Celgene expects to be granted 7 years marketing exclusivity from the date of

approval for the use lenalidomide in MDS, under Section 527(a)( 3) of the Food Drug and
Administration Act.

August 24, 2004: Pre—NDA meeting for MDS

FDA pointed, out that despite the discussions in the End-of-Phase 1 meeting, Celgene has
pursued a registration strategy based on a singlearm study with relatively short duration of

response. Results of a single arm trial would only be interpretable if results were outstanding in
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duration and number of patients clearly offering irrefutable evidence of a direct drug effect on
transfusion requirements.

December 14, 2004: Rolling Review granted for MDS

April 7, 2005: NDA # 21880 Clinical Review submitted

April 20, 2005: ' ‘ -—~

June 28, 2005: —

July 21, 2005: Sponsor Presentation of MDS NDA # 21880

August 4, 2005: ~—

August 23, 2005: Risk Management Plan meeting

2.6 Other Relevant Background Information

This drug is not marketed in other countries.

KEPPEARS TlllS WAY
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3 SIGNIFICANT FINDINGS FROM OTHER REVIEW DISCIPLINES

3.1 CMC

Please see detailed reviews by Drs Hari Sarker, primary reviewer, and Nallaperumal
Chidambaram, team leader.

Lenalidomide and thalidomide have similarities in structure. Lenalidomide is an amide and

bears an amino group in the aromatic ring whereas thalidomide is an imide. Both possess
piperidindione and indoline moieties. Both have an asymmetric center and both are
manufactured as racemic mixtures.

L__enalidomide Thalidomide

@045: w»
3.2 Animal Pharmacology/Toxicology and Reproductive Safety Assessment

Please see detailed reviews by Drs Anwar Goheer, primary reviewer for
pharmacology/toxicology, Kimberly Benson primary reviewer for reproductive safety
assessment and John Leighton, team leader

Lenalidomide and the parent compound, thalidomide, possesses both immunomodulatory and
antiangiogenic properties. The mechanisms of action responsible for anticancer activity remain
to be fiilly explored.

The embryo—fetal development in lenalidomide has not been adequately addressed. Please
consult the Pharamacology/Toxicology review.
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4 DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY

4.1 Sources of Clinical Data

The primary source for this NDA review consisted of datasets and study reports submitted on the
two studies: CC—5013-MDS—003 and CC—501-MDS—001. Additional information was submitted

in the study CC—5013—MDS-002. Information from IND # 60100 was used. Relevant published
literature was reviewed.

The Division of Scientific Investigations (DSI) was consulted. Sites and investigators were
identified for DSI to investigate.

Study CC—5013—MDS—003 enrolled 148 patients in 32 centers in the United States and 1 center in
Germany. I

Study CC—501~MDS—001 enrolled 45 patients at one site in the United States.

Information was also obtained from the Oncology Drugs Advisory Committee held on

September 14, 2005. A summary of the questions is in Section 8.5 and a detailed description can
be found on the FDA website.

4.2 Tables of Clinical Studies

The following is a list of the clinical studies submitted with the NDA.

Study CC-5013—MDS—003

Study CC—501~MDS-001

Study CC—5013—MDS—002

Study 5013-CRPS-001

Study CDC—501-MEL-001

Study CDC-501—MEL-002

owewwr
The studies listed are summarized in the table below. All the studies are relevant to safety.

Table 1 Safety Studies Submitted

 

  Study ID ' _ Evaluable Study Design Dosing Regimens
Patients

CC-50l3—MDS—003 94/148 Single arm, open-label, multicenter _ 2 dosing regimens: 
 

Phase 2 in low or intermediate—l

risk MDS with 5 (q3l—33) deletion
Oral IO mg daily,

10 mg x 21d/g_.’_28d  
CC—SOI-MDS-OOI 10/45 Single arm, open—label, single

- center Phase [/2 in MDS
3 dosing regimens:
Oral 25 mg daily,
10 mg daily,

192g x 2 l d/q 28d
2 dosing regimens:

 

CC—5013—MDS-002 215 Single ami open-label Phase 2 in 
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Oral 10 mg daily,

10 m x 21d/q 28d

low or intennediate-l risk MDS

without 59 deletion
       

 
 

 
 

 

 

  

  

5013-CRPS-001 40 Open—label Phase 2 in Complex Oral 10 mg daily
Re ional Pain_Syr_1§rome -

CDC-501-MEL—001 295 Randomized, double-blind Phase Oral 5 and 25 mg daily
2/3 in metastatic malignant

' melanoma

CDC-501—MEL—002 305 Randomized, double-blind, Oral 25 mg daily
placebo—controlled Phase 2/3 in -

metastatic malignant melanoma
   

Derived from Source from CC—5013 5.2 Listing of Clinical Studies

The studies relevant to the efficacy submitted in the application are summarized in the table
below.

Table 2 Description of Clinical Efficacy Studies

   

Dose and Regimen Primary Evaluable

Endpoint(s) Patients/N

Clinical Study Study Design    
10 mg daily Transfusion 94/ 1483

 
 

CC—5013-MDS—003 Single arm,

 
 

 

  open—label, 10 mg 21d/7 d rest Independence
multicenter

Phase 2

CC-501-MDS-001 > Single arm, 25 mg Major and minor
open-label, 10 mg daily Erythroid Response
single center 10 mg 21d/7 d rest
Phase 1/2    

“ Number of patients evaluated by the sponsor for efficacy in transfusion— dependent anemia due to low- or intermediate-1 risk myelodysplastic
syndromes associated with a deletion 5 q cytogenetic abnormality with or without additional cytogenetic abnormalities
h Number of patients evaluated by the sponsor for efficacy in transfusion— dependent anemia due to low- or intermediate-l n'sk myelodysplastic
syndrtimes associated with a deletion 5 q cytogenetic abnormality with or without additional cytogenetic abnormalities

4.3 Review Strategy

For efficacy, this review focused on the NDA data submitted by Celgene Corporation on Study
CC-5013—MDS-OO3 and CC—SOl—MDS-OOI including datasets, case report forms, study reports
and other information submitted. The evaluable population most relevant to lenalidomide’s

proposed indication, treatment of patients with transfitsion-dependent anemia due to low or

intermediate-1 risk myelodysplastic syndromes associated with a dc] 5q cytogenetic abnormality
with or without additional cytogenetic abnormalities, is a subgroup ofpatients in study CC-5013—

MDS-003 (96/148 [65%] of enrollment). The study CC—SOl—MDS—OOI had 10/45 (22%) patients
relevant to the proposed indication. Study CC—5013—MDS-002 was conducted in MDS patients
without the 5q deletion cytogenetic abnormality and is not relevant to the proposed indication. It

serves as a reference for MDS patients without the Sq deletion. For details of study CC-5013—
MDS—002, please refer to Section 10.1. under Appendices.

Materials consulted in the review included the regulatory history of the application, IND #

60,100, rolling submission NDA #21—880, relevant published literature and sponsor presentation
of NDA on July 21, 2005.
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There were different reviewers to assess efficacy, safety, clinical pharmacology and statistics.

This review incorporates the reviews with overall conclusions for efficacy and safety including

statistics. The clinical pharmacology review has been documented separately.

4.4‘ Data Quality and Integrity

The primary data and responses were analyzed for consistency with the study reports, with the

datasets submitted and with selected case report forms (CRFs). The Division of Scientific

Investigation (DSI) was consulted to inspect study sites and follow up on various anonymous

complaints received regarding under—reporting of deaths to the FDA. Study sites for the DSI

inspections were selected based (in the sites with the most accrual and the sites with the most

responses in the pivotal study, CC-5013—MDS—003. DSI investigated 3 out of the 4 sites
identified” . '

The DSI report is pending at the time of this review.

4.5 Compliance with Good Clinical Practices

The sponsor states that the study has been performed in accordance with the ICH E6 Guideline:
“Good Clinical Practice: Consolidated Guidance” and applicable regulatory requirements.

4.6 Financial Disclosures

Study MDS—003 enrolled 148 patients in 32 centers in the United States and 1 center in

Germany. There were 33 investigators.

Study MDS—OOl enrolled 45 patients in 2 centers in the Unites States, Tucson, AZ and Tampa,
FL. There were two investigators.

The sponsor certified that except in the case of the 3 investigators noted below, no financial

arrangements were made with the other investigators involved in the Study MDS—003 and Study

MDS-OOI and they did not have any financial interests to disclose where study outcome could

affect compensation.

The sponsor provided the following information regarding the 3 named investigators who

participated in financial arrangements or hold proprietary interest in Celgene.

l. W MD: was paid 18,000 dollars in consulting fees for time/travel to meetings and

awarded 25,000 dollars for a c," __ Award.

2. =%‘. ' MD: owns 3200 shares of Celgene stock.

3. ~ ' AD: was issued Celgene stock options (5000 shares) for consulting. The
options were exercised in 2004.
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The sponsor certified that they have acted with due diligence to obtain from the 3 clinical

investigators listed below and it was not possible to do so. The reason why this information
could not be obtained is attached.

Table 3 Investigators Without Financial Certification/Disclosure

 
 
 

   

 Investigator Study(s) ‘  Reason

Certification/Disclosure

Could not be Obtained

» CC-5013—MDS-002 and Investigator is on
CC—5-013-MDS-003 sabbatical .
CC—5013-MDS—002 and Investigator has left the
CC—5013-MDS-003 institution

Investigator has left the
institution

 
 

 

 
 

  
 

 

 
CC-5013—MDS-002 and

CC—5013—MDS-003
 
  

NDA 2 l 880. financialpdf

”EARS nus WAY
0N ORIGINAL
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5 CLINICAL PHARMACOLOGY

5.1 Pharmacokinetics

Maximum plasma concentrations were typically obtained within a few hours of dosing. Volume
of distribution is moderate and clearance is fairly rapid resulting in a half-life approximating 3
hours. The primary route of elimination is renal excretion of parent drug.

Following single doses, AUC0_00 and Cmax increased in a dose-proportional manner over a dose—
range of5 to 50 mg.

As would be predicted from the single dose pharmacokinetics, there was no observable

accumulation of the drug in plasma upon multiple daily dosing of doses up to 50 mg.

Pharmacokinetic changes due to patient characteristics were not studied. The presence and
identity of circulating metabolites was not studied in humans.

5.2 Pharmacodynamics

The clinical program did not assess pharmacodynamic endpoints (biomarkers) associated with
effectiveness or safety for MDS.

5.3 Exposure-Response Relationships

With the exception of limited data on the regimen using 10 mg x 21- days in a 28 day cycle
(syncopated) regimen and the 25 mg daily dose, clinical studies assessing the relationship
between exposure and efficacy were not performed.

Patients were not sampled for pharrnacokinetics in Studies MDS—OOI and MDS—003. Thus, the
relationship between concentration and clinical outcome cannot be explored.
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6 INTEGRATED REVIEW OF EFFICACY

6.1 Indication

This NDA application seeks to market lenalidomide at a starting dose of 10 mg for the following

indication. The wording, of the proposed indication is:

“Treatment of patients with transfusion—dependent anemia due to low or intermediate—l

risk myelodysplastic syndromes associated with a deletion Sq cytogenetic abnormality
with or without additional chromosomal abnormalities”.

6.1.1 Methods

The efficacy review is based primarily on 2 single-arm, non—randomized trials of lenalidomide.
This review focused on the NDA submitted by Celgene Corporation.

The study CC—5013—MDS—003 was the main study reviewed including datasets, case report forms
(CRFS), study reports and other information, on patients with transfusion dependent anemia due

to low— or intermediate—1 risk myelodysplastic syndromes associated with a deletion Sq

cytogenetic abnormality with or without additional chromosomal abnormalities. This was a

single—arm, open——,label multi-center study in 148 patients in which the sponsor examined 2 dose

regimens of 10 mg. 10 mg every 21 days ofa 28 day cycle (syncopated regimen); and 10 mg

daily (continuous regimen).

Study CC—SOl-MDS-OOI was the supportive study reviewed with the focus on the subset of

MDS patients with transfusion dependent anemia due to low or intermediate-I risk MDS. This

was a pilot, phase 1/2, dose—finding study which started with 25 mg daily and was later reduced

to 10 mg in 2 dose regimens.

The two trials are entitled:

Study Protocol CC-5013—MDS—003: A multi-center, single-arm, open—label study of the efficacy

and safety of CC-5013 monotherapy in red blood cell transfusion—dependent subjects with

myelodysplastic syndromes associated with a del (Sq) cytogenetic abnormality.

Study Protocol CC—SOl—MDS-OOI: APhase 11 open label study of the safety and efficacy of CC—
5013 ( Revimid TM ) treatment for patients with myelodysplastic syndrome.

6.1.2 General Discussion of Endpoints

Study CC—5013-MDS-003

Primary endpoint
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0 RBC transfusion independence defined as the absence of the intravenous infusion of any

RBC transfusion during any consecutive “rolling” 56 days during the treatment period,

i.e., days 1 to 56, days 2 to 57, days 3 to 58 etc.

Secondary endpoints

0 Cytogenetic response

0 2 50% decrease in RBC transfusion requirements

0 Change of hemoglobin concentration from baseline

0 Safety (type, frequency, severity, and relationship of adverse events to CC— 5013)

0 Platelet response

0 Neutrophil response

0 Bone marrow response

0 Duration of response

The main objective was to evaluate the efficacy of lenalidomide treatment to achieve

hematologic improvement in patients with low— or intermediate-l risk lPSS MDS associated with

a del (5q3l—33) cytogenetic abnormality.

The bone marrow biopsy and aspirate samples, peripheral blood smear slides and pathology

reports for each subject were reviewed centrally by an independent hematologic reviewer, John

M Bennett, MD, University of Rochester Cancer Center, Rochester, NY. The cytogenetic

reports and chromosome prints for each subject were centrally reviewed by an independent

cytogenetic reviewer, Gordon W. Dewald, MD, The Mayo Clinic, Rochester, MN.

Study CC—SOl-MDS-OOI

Primary Objective

To estimate the percent of patients with myelodysplastic syndrome (MDS) who experienced

erythroid response and the interval to response after treatment.

Secondary Objectives

- To evaluate the effect of treatment with lenalidomide on neutrophil and platelet count response

and on bone marrow and cytogenetic response.

- To evaluate the relationship between any hematologic response to lenalidomide and changes in

biological endpoints, including bone marrow apoptotic index, microvessel density (MVD),

plasma tumor necrosis factor alpha ( TNF—OL) and vascular endothelial growth factor (VEGF)

concentrations, and progenitor colony— forming capacity.

- To evaluate the safety of lenalidomide in patients with MDS.

Reviewer ’5 Comments: .

I. Transfusion independence which are durable may be considered to be evidence of

clinical benefit. Previously azacitidine was approved based on the primary efficacy

endpoint of overall response rate, defined as complete or partial response ofbone

marrow andperipheral blood, and a response rate in the azacitidine arm ofabout 16%

with no responses in the observation arm.
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2. At the end—of—phase 1 meeting (June 6, 2003), FDA had informed the sponsor ofthe use
ofa 56—day rolling duration as problematic in an unblinded single-arm study. The
duration ofresponse of8 weeks in a population where the median survival is measured in
years may not be adequate.

6.1.3 Study Design

Study CC-5013-MDS-003

Patients received CC—5013 in 28—day cycles for up to 24 cycles, or until bone marrow disease
progression, or progression/relapse following erythroid hematologic improvement or until CC-
5013 became commercially available. Study visits occurred every cycle (every 28 days) for the
first 12 cycles and then every other cycle thereafter starting with cycle 13 (pregnancy tests were
done every 28 days for women of child bearing potential (WCBP). Laboratory monitoring to
assess hematological parameters occurred every 14 days during the first 6 cycles and then every
28 days (Day One of every cycle) thereafter. Treatment continued until unacceptable AEs
occurred, bone marrow disease progression was documented, progression or relapse following
erythroid improvement was documented, or for a maximum of 24 cycles, whichever occurred
first. Safety and efficacy assessments were performed during the study. The number of patients
planned was 90 but 148 were enrolled.

Study Population:
Inclusion Criteria:

1. Must understand and voluntarily sign an informed consent form
2. Age 2 18 years at the time of signing the informed consent form

3. Must be able to adhere to the study visit schedule and other protocol requirements
4. Diagnosis of low or intermediate—1 risk IPSS MDS associated with a del (Sq) cytogenetic

abnormality. The cytogenetic abnormality of chromosome 5 must involve a deletion

between bands q3l and q33. The del (Sq) cytogenetic abnormality may be an isolated
cytogenetic finding or may be associated with other cytogenetic abnormalities.

5. RBC transfusion- dependent anemia defined as having received 22 units of RBCS within
'8 weeks of study treatment

6. Eastern Cooperative Oncology Group (ECOG) performance status score of O, 1, or 2
7. Women of childbearing potential must have a negative serum or urine pregnancy test

within 7 days of starting study drug. In addition, sexually active WCBP must agree to use
adequate contraceptive methods (oral, injectable, or implantable hormonal contraceptive;
tubal ligation; intra— uterine device; barrier contraceptive with spermicide; or
vasectomized partner) while on study drug. WCBP must agree to have pregnancy tests
every 4 weeks while on study drug

Exclusion Criteria:

1. Any serious medical condition, laboratory abnormality, or psychiatric illness that would
prevent the subject from signing the informed consent form or that will place the subject
at unacceptable risk if he/ she were to participate in the study or confounds the ability to
interpret the data

2. Pregnant or lactating females
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10.

11.

12.

13.

14.

  

Prior therapy with CC- 5013

Inability to aspirate bone marrow (dry tap)

Proliferative (WBC 212,000/11L) chronic myelomonocytic leukemia (CMML)

Any ofthe following lab abnormalities:

-Absolute neutrophil count (ANC) <500 cells/mm3 (0.5 x 109/L)
- Platelet count <50,000/mm3 (50 x 10%)
- Serum creatinine >2.5 mg/dL (221umol/L)

- Serum SGOT/AST or SGPT/ALT >3.0 x upper limit ofnormal (ULN)

- Serum direct bilirubin >2.0 mg/dL (34 pmol/L)

Prior Zgrade 3 (National Cancer Institute[ NCI] Common Toxicity Criteria [ CTC])

allergic reaction/hypersensitivity to thalidomide

Prior >grade 3 (NCI CTC) rash or any desquamation (blistering) while taking
thalidomide

Clinically significant anemia due to factors such as iron, B12 or folate deficiencies,

autoimmune or hereditary hemolysis or gastrointestinal bleeding (if a marrow aspirate is
not evaluable for storage iron, transferrin saturation must be 220 % and serum ferritin not

less than 50 ng/mL)

Use of hematopoietic growth factors within 7 days of the first day of study drug treatment

Chronic use (>2 weeks) of greater than physiologic doses of a corticosteroid agent (dose

equivalent to >10 mg/ day of prednisone) within 28 days of the first day of study CC—
5013 treatment

Use of experimental or standard drugs (1. e. chemotherapeutic, immunosuppressive, and

cytoprotective agents) for the treatment of MDS within 28 days of the first day of study
CC- 5013 treatment.

Prior history of malignancy other than MDS (except basal cell or squamous cell

carcinoma or carcinoma in situ of the cervix or breast) unless the subject has been free of

disease for >3 years.

Use of any other experimental therapy within 28 days of the first day of study CC— 5013
treatment

Study Sites: United States and Germany

Treatment Plan:

Oral CC—5013 10 mg (two 5 mg capsules) daily on days 1—21 every 28 days was the syncopated

dosing regimen used initially which was changed to a continuous dosing regimen of 10 mg daily
every 28 days.

Safety Analysis:

The safety population included all subjects who received at least 1 dose of study drug.

Adverse events, vital sign measurements, clinical laboratory information, concomitant

medications, and ECG interpretations, will be tabulated and summarized. All toxicities will be

summarized by frequency, severity grade based on the NCI CTC and relationship to study drug.

Serious adverse events and events leading to discontinuation will be listed separately.
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Response Criteria:

The efficacy endpoints in this study were modified from the recommendations of the

International Working Group (IWG) to Standardize Response Criteria for Myelodysplastic
Syndromes (4) RBC transfusion independence was defined to be RBC transfiision

independence (the absence of the intravenous infilsion of any RBC transfusion) during any
consecutive‘‘rolling” 56 days during the treatment period, i.e. days 1 to 56, days 2 to 57, days 3
to 58, etc. RBC transfusion independence required patients to be completely transfusion free and
this was considered a major response. All responses required that patients remained transfusion
independent for a minimum of 8 consecutive weeks. Included in the study report was the
addition of 21 g/dL increase in the hemoglobin level to the definition of transfusion
independence.

Efficacy Analysis:

Primary efficacy analyses were performed by the sponsor on the modified intent-to-treat (MITT)
population that included all subjects who met all of the following conditions: had a diagnosis of
low or intermediate— 1 nsk MDS with a del (5q31——33) cytogenetic abnormality based on
confirmation by the central hematologic and cytogenetic reviewers; received at least two

transfusions in each of the eight week periods during the 16 week pre—treatment period and
subjects must not have been transfusion—free for any 56 consecutive days during the 16 week
pre-treatment period; took at least one dose of study drug. Subjects who dropped out without
having a response were considered to be non—responders.

An analysis was performed by the sponsor for the efficacy evaluable (EE) subset of the MITT
population, i.e., those subjects who met all the requirements given above in the MITT section for

whom response could be fairly assessed (subjects who withdrew from the study before
completing 6 cycles for non—treatment related reasons without responding were not included in
the denominator used in the response estimates). Subjects who withdrew for treatment related
reasons were categorized as non—responders in this analysis.

Amendments:

. The original protocol was submitted on May 2, 2003.

Amendment # 1 (dated August 27, 2003): increased the number of planned subjects from 36 to
90; changed the dosing regimen from a syncopated regimen (administration of 10 mg daily on
Days 1—21 of a 28—day cycle) to a continuous regimen (administration of 10 mg on Days 1— 28 of
a 28——day cycle); increased the duration of treatment from 6 cycles to until bone marrow disease

progression or progression/ relapse following erythrOid hematologic improvement or for a total
of 24 cycles, whichever occurs first, and provided additional clarifications on dose modifications

for thrombocytopenia (including changing the platelet count requirement for re-starting study
drug after an interruption due to thrombocytopenia from >50,000/ML to >30,OOO/uL),
hyperthyroidism, and other toxicities. Amendment #1 also changed the exclusion criteria to

exclude subjects from whom a bone marrow aspirate could not be obtained at screening/baseline
(dry tap) and those who have proliferative CMML (WBC of >1 2000/11L) modified the
exclusion criterion for bilirubin to stipulate that direct, rather than total bilirubin would be

measured; clarified that local laboratory results are used to determine a subject’s eligibility for
the study and to determine dose modifications during treatment; clarified that local review of
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hematologic and cytogenetic data are used to determine a subject’s eligibility for the study; and
modified the statistical analysis plan and statistical methods to increase the sample size and to

change the definition of the MITT population to include the stipulation “ that the subjects must
have received at least 2 transfusions in each of the 8-week periods during the 16-week

pretreatment period and must not have been transfusion free for any 56 consecutive days during
the 16-week pretreatment period. ”

Amendment #2 (dated September 12, 2003): provided additional clarification of the dose

reduction schedule in subjects who remained on the syncopated regimen, provided additional

clarification on dose modifications for constipation and hepatic and other nonhematologic grades
3 and 4 ABS, and clarified that local laboratory results for Hgb could be used in the analysis of
the secondary efficacy endpoints if values from the central laboratory were missing or invalid.

Amendment #3 (dated January 13, 2004): added the requirement to perform a complete blood

cell count weekly during the first 8 weeks of therapy to monitor for early hematologic AEs;
provided additional dose modification guidelines for neutropenia and thrombocytopenia that

occur during the first 4 weeks of therapy; expanded the secondary efficacy measures; and
clarified the procedures for the central cytogenetic reviewer.

Reviewer ’s Comments:

1. This is a single—arm, open—label study which was designedfor a Phase 2 study in which

initial efficacy and safety were to be evaluated. This study was not intended to be a

registration trial. At the end-of-phase 1 meeting (June 6, 2003), FDA had recommended
a randomized controlled trial.

2. Initially, the sponsor hadplanned to provide an applicationfor all patients with low- to

intermediate—1 risk AJDSfor which they were granted a Fast Track Designation provided

that they conducted a randomized trial. However, based on thefindingsfrom the phase

[/2 pilot study CC—501—MDS—001, they proposed to submit the NDA for the patients with

5q deletion low- or intermediate—1 MDS based on this single—arm Phase 2 study. The
protocolfor the randomized trial in this population was submitted to the FDA in March

2005 and the trial will be conducted in Europe in patients with del 5a. The planned

phase 3 study is a randomized, double-blind, placebo-controlled 3—arm trial evaluating a
, lower dose: 5 mg vs. 10 mg x21d/28 d cycle vs. placebo. The primary endpoint is RBC

transfusion independencefor 226 weeks.

3. Based on the preliminary datafrom the pilot study, Study CC—503-MDS—001 , thefirst 45
patients enrolled were treated with the 10 mg syncopated dosing regimen (10 mg x21

days ofa 28 day cycle). Subsequently, when additional informationfrom the pilot study
suggested that the onset ofresponse was more rapid with the 10 mg continuous dosing
(10 mg daily) regimen, this was adopted and 103 patients were enrolled and treated with

the continuous regimen. Patients who were started on the syncopated regimen and had

not experienced dose-limiting toxicity were allowed to be switched to the daily dose of10
mg.

4. Monitoring ofcomplete blood cell count was increasedfrom every 14 days to weekly
during thefirst 8 weeks oftherapy to monitorfor early hematologic adverse events.

5. The definition ofthe M]TTpopulation was changed to include the stipulation that the

subjects must have received at least 2 transfusions in each ofthe 8— week periods during
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the 16— week pretreatment period and must not have been transfusionfreefor any 56

consecutive days during the 16—week pretreatment period.

6. Although an increase in Z 1 gm hemoglobin was included in the definition ofthe primary

endpoint in the clinical study report, this criterion was not included in the protocol (or

amendments) or in the statistical analysis plan.

7. There was no protocol amendment submitted to the FDA when the number ofpatients in

the study was increasedfrom 90 to 148. There was no modified statistical analysis plan

and statistical methodsfor the increase in the sample size.

Study CC-SOl-MDS-001

This was a pilot, phase 1/2 , dose~ranging study of CC- 5013 in patients with MDS. Patients

received 25 mg oral CC- 5013 daily. Response rate was assessed in cohorts stratified by the

likelihood of an MDS subtype to transform to leukemia according to the International Prognostic

Scoring System (IPSS)—defined risk groups (i.e., IPSS low and intermediate—1; versus IPSS

intermediate—2 and high). Patients who failed to experience any hematologic response and dose

limiting toxicity after 16 weeks of therapy were eligible for dose escalation to 50 mg daily for 8

additional weeks of treatment. In the first stage 15 patients were to be enrolled and the number

of patients experiencing erythroid response (major or minor response) by week 16 would be

evaluated. If no responses were observed the study would be terminated due to lack of efficacy,

while if 4 or more responses were observed the study would be continued due to promising

clinical activity. In the intermediate case (1, 2 or 3 responses), a second stage of an additional ten

(10) patients would be entered. If after the completion of this second stage, four (4) or more

responses were observed in the 25 patients treated, then it would be concluded that the drug

' shows promising clinical activity.

Patients who demonstrated a hematologic response at week 16 (erythroid, platelet, or neutrophil

response) or who, in the judgment of the investigator, experienced clinical benefit were eligible

to continue therapy at the same dose of study drug for up to 8 additional months (12 months

total).

Objectives:

Primary objective: To estimate the percent of patients with MDS who experienced erythroid

response and the interval to response.

Secondary objectives:

0 to evaluate the effect of treatment with CC- 5013 on neutrophil and platelet count

response, and bone marrow and cytogenetic response,

0 to estimate the tolerance ofdose escalation to 50 mg CC- 5013 daily,

0 to estimate the frequency of response in patients whose doses of CC- 5013 are escalated

to 50 mg,

0 to evaluate the relationship between any hematologic response to CO 5013 and changes

in biological endpoints: including bone marrow apoptotic index and MVD, plasma TNF a

and VEGF concentration, and progenitor colony forming capacity,

0 to evaluate the safety of CC— 5013 in patients with MDS.
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Study Population:
Inclusion criteria:

Diagnosis of de novo myelodysplastic syndrome of at least 12 weeks duration, with one

of the following subtypes: Refractory anemia (RA); Refractory anemia with ring

sideroblasts (RARS); Refractory anemia with excess (5%— 20%) blasts (RAEB); RAEB

in transformation (RAEB—t) (21%— 30% blasts); Non—proliferative (WB‘C < 12,000/uL)
Chronic myelomonocytic leukemia (CMML),

Baseline mean hemoglobin <10.0 g/ dL (un-transfiised) or transfusion—dependent, defined

as requiring at least 4 units of RBC in the 8 weeks prior to baseline.

More than 30 days must have elapsed since any previous treatment for MDS, other than
transfusion.

Performance status of 0, 1 or 2 (ECOG Scale). '

Adequate renal (creatinine 31.5 x ULN) and hepatic function: bilirubin <2.5 mg/dL;

AST/ALT <2 x ULN.

Men and Women >18 years of age.

Women of reproductive potential must be using adequate birth control measures

(abstinence, oral contraceptives, intrauterine device, barrier method with spermicide or

surgical sterilization) during treatment with study drug. Women of reproductive potential

must have a negative serum pregnancy test within 7 days of baseline.

Are able to adhere to the study visit schedule, understand and comply with other protocol
requirements.

Understand and sign written informed consent.

Exclusion criteria:

Myelosclerosis (or myelofibrosis) occupying more than 30% of marrow space or assessed

as grade 3+ or greater.

Any grade 4 (as per NCI CTC) thrombocytopenia 0r neutropenia.

‘ Any clinically significant pulmonary, cardiovascular, endocrine, neurologic,

gastrointestinal or genitourinary disease unrelated to underlying hematologic disorder.

Any life—threatening or active infectiOn requiring parenteral antibiotic therapy.

Pregnant or lactating females.

Have a history of active tuberculosis requiring treatment within the previous 3 years or

opportunistic infections, including but not limited to evidence of active cytomegalovirus,

active Pneumocystis carinii, or atypical mycobacterium infection, etc., or documented

HIV infection, within the previous 6 months (also excluded are patients with evidence of

an old tuberculosis infection without documented adequate therapy).

Requirement for ongoing treatment with corticosteroids.

Patients with chromosome abnormalities common to de novo AML, i.e., t(8: 21), t(15;
17), and inv (16).

Known hepatitis-B surface antigenemia.

Use of other experimental study drug within 30 days of baseline.
Bone marrow blasts >30 %.
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0 History of active non—hematopoietic malignancy, or a similar diagnosis within 3 years
(except basal cell or squamous cell carcinoma of the skin or cervical carcinoma in situ).

o Clinically significant anemia due to factors such as iron, B12 or folate deficiencies,

autoimmune or hereditary hemolysis or gastrointestinal bleeding (if a marrow aspirate is
not evaluable for storage iron transferrin saturation must be 2 20 % and serum ferfitin not

less than 50 ng/mL).

0 Life expectancy of <4 months.

Study Site: Tampa, FL

Study drug, dosage, and mode of administration: _
CC— 5013 was supplied in strengths of 5 mg and 25 mg for once daily oral use.

Efficacy evaluation:

Patients were assessed for hematologic response (including evaluation of erythroid, platelet, and
neutrophil response), cytogenetic response, and bone marrow response. These endpoints were
determined by monitoring of hematologic laboratory values, RBC and platelet transfusion
requirements, and by review of bone marrow biopsies and aspirates.

Safety:

All patients were assessed for safety by monitoring adverse events, clinical laboratory tests, and
physical examinations.

Statistical Methods:

Sample Size: The Fleming two—s—tage design was used1n this study to yield a power of 76.6% to
test the null hypothesis that the rate was not more than 5%, versus the alternative that the

response rate was at least 20% with a significance level of 3.4%.

Efficacy analyses:

Response Criteria _
The efficacy endpoints in this study were modified from the recommendations of the

International Working Group (IWG) to Standardize Response Criteria for Myelodysplastic
Syndromes (4). All responses required that patients maintain major or minor response for a
minimum of 8 consecutive weeks. As a secondary endpoint, response rates were assessed
according to IPSS Prognostic Scoring System.

Erythroid Response

Major response. Transfusion——independence for patients who were RBC transfusion-—dependent at
baseline, for patients with a mean pretreatment hemoglobin (mean 8 week hemoglobin)
<ll g/dL, a >2 g/dL rise in hemoglobin without transfusion.

Minbr response: For patients with a mean pretreatment hemoglobin (mean 8 week hemoglobin)
<1 1 g/dL, hemoglobin is sustained 1.0 to 2.0 g/dL above the baseline value without transfusion;
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for transfusion—dependent patients a 50% or greater decrease in 8-week RBC transfusion

requirements compared to baseline.

Platelet Response

Platelet response will be evaluated in patients with pretreatment thrombocytopenia as defined by

a mean 8—week platelet count <50,000/ uL or platelet transfusion—dependence defined as any

platelet transfusion within 8 weeks prior to baseline.

Major response: For platelet transfiJsion—independent patients, a >50% increase in platelet count

with a minimum net increase >30,000/uL without platelet transfusion; for platelet transfusion-

dependent patients, a sustained platelet count at or above the mean baseline value with

elimination of platelet transfusion requirements.

Minor response: For platelet transfiision-independent patients a >50% increase in platelet count

with net increase <30,000/uL without platelet transfusion.

The primary endpoint in this study was the percentage of patients who experienced a major or

minor erythroid response. Decisions about clinical efficacy during the two-stage design was

based upon the number of patients at each stage who demonstrated a response using these

criteria. At week 16, the proportion of responders in each of the IPSS-defined risk groups and for

the entire sample was determined together with exact 95% confidence intervals. Similar analyses
were performed for the secondary variables: platelet, neutrophil, bone marrow and cytogenetic

response. The relationship between hematologic response and changes in biomarkers was

explored by both parametric and non-parametric correlational analyses. Methods similar to those

described in the above was used to analyze the response data obtained from patients who
continued to receive CC— 5013 after the initial 16 weeks.

Safety Analyses:

Data from all patients who received one or more doses of drug were incorporated into the final

safety analyses. To assess clinical safety, adverse events, vital sign measurements and clinical

laboratory information were summarized by visit. Adverse events and laboratory results were .

also summarized by severity grade (NCI CTC). Descriptive statistics were generated and shift

tables as appropriate. No formal statistical analyses were planned.

Amendments:

The original protocolwas submitted on 19 July 2001.

Amendment #1 (dated January 17, 2003): allowed for new dose levels (10 mg/day, 10 mg

21days/7days rest); increased the number of patients planned; removed references to dose

escalations to 50 mg; modified inclusion and exclusion criteria; added a second extension period

of 12 months to increase the total study duration to 24 months; and clarified erythroid and
platelet response criteria.

Amendment #2 (dated April 20, 2003): added bone marrow biopsy/aspirate at 8 weeks to the

schedule of study procedures.
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Amendment #3 (dated January l3, 2004): permitted patients to remain in the study until they

developed progressive disease, unacceptable toxicity, or withdrew consent; permitted patients

that have not achieved a major erythroid response to switch to 10 mg daily; and updated the

statistical plan to allow for the possible dose changes. -

Reviewer ’s Comments:

1. This was a pilot, phase 1/2, dose—finding study in which initial efficacy and safety was

evaluated. The initial starting dose was 25 mg daily based on thefindings ofa Phase 1

study in myeloma, and thefirst 13 patients were enrolled at this dose. A high incidence

ofneutropenia and thrombocytopenia was observed within thefirst 4 to 8 weeks of

treatment, as a result ofwhich the protocol was amended to study 2 lower-dose levels of

10 mg. '

2. The definition oftransfusion—dependence anemia diflersfrom study CC—5013—MDS—003.

Study CC—5013—MDS—003 defined transfusion dependence as requiring 22 units ofRBC

in the 56 day periodprior to start ofstudy drug. In study CC—501-MDS—001, transfusion
dependent was defined by requiring at least 4 units ofRBC in the 8 weeks prior to
baseline.

' 3. The primary endpoint was a major or minor erythroid response which was modifiedfrom

the 1 WG MDS Response Criteria.

6.1.4 Efficacy. Findings

Datasets Analyzed

Study CC—5013-MDS-003

The sponsor has submitted the MITT population as the primary population for the efficacy

analyses which includes 94 of the 148 subjects who were enrolled in the study. Efficacy data
were also reported by the sponsor for the intent—to~treat (ITT) and per—protocol (PP) populations,

which included 148 and l 15 subjects, respectively.

Efficacy Populations:

Modified lntent—to—treat (MITT) Population: includes all subjects who 1) received 2 2 units of

pRBCs in each of the 8— week periods (56 days) during the 16 weeks prior to administration of

study drug (screening Weeks —1 to — 8 and Weeks - 9 to - 16) and who did not have a 56—day,

RBC—transfusion—free period during the 16 weeks prior to administration of study drug, 2) have a .

diagnosis of low or intermediate-1 n'sk MDS that was confirmed by central hematologic review

of an evaluable bone marrow aspirate/ biopsy, 3) have a confirmed Sq deletion based on central

cytogenetic review, and 4) took at least 1 dose of study drug.

lntent-to—treat (ITT) Population: includes all subjects who received at least 1 dose of study
medication.

Per—protocol (PP) Population: The per—protocol (PP) population includes all subjects who 1)

received 2 2 units of PRBCs during the immediate 56 days (8 weeks) prior to administration of

study drug, 2) have a diagnosis of low or intermediate—l risk MDS that was confirmed by central
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hematologic review of an evaluable bone marrow aspirate/ biopsy, 3) have a confirmed Sq del

based on central cytogenetic review, and 4) took at least 1 dose of study drug.

The table below summarizes the number of patients who were included in the efficacy analyses
submitted by the sponsor-

Table 4 Number of Subjects included in Efficacy Analysis (Applicant’s Table)

10mg Cont. 10mg Sync.
"nalysis Populations (4')

 
Source: CC—SOl3-MDS, Table 13

The FDA reviewed the data for the ITT population which consisted of 148 patients who were

enrolled in the study. Those that met the population of interest were considered evaluable and

also reviewed. These included all RBC transfusion dependent patients as defined in the protocol

who had low or intermediate—l risk MDS that was confirmed by central hematologic review and

were associated with a Sq deletion cytogenetic abnormality with or without other deletions when

analyzed in at least 20 metaphases. Additional analyses were done by the FDA on the subgroup

of patients with an isolated Sq deletion only. The table below shows a summary of the sponsor’s
and FDA’s patient populations.

Table 5 Summary of Patient Populations (Reviewer’s Table)

 

 
 

Number of Patients

S 1 onsor N (%)
148 (100.0)

1 15 (77.7)

94 (63.5)

 
 
 

 
 

Patient Population  

 
 
 

 
FDA N (%)
148 (100.0)

 
 

  
 

 

All enrolled

Per Protocol

Transfusion dependent anemia (Z 2 units RBC
transfusion in two 8—week periods) low or
intermediate—l risk MDS with 5q deletion or
additional abnormalities

Transfusion dependent anemia (2 2 units RBC

transfusion 8—weeks prior to start of study drug)
low or intermediate—l risk MDS with 5q deletion
or additional abnormalities

Isolated Sq deletion MDS

 

 

  
  

 
 

 
 

 96 (64.9)
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5 del + other abnormalities Not done T24 (16.2) .1

Study CC-SOl-MDS-001

There were 45 patients enrolled in the study which made up the ITT population. The sponsor has

submitted the efficacy analysis in the modified intent-to-treat (MITT) population (i.e., had a

diagnosis of MDS and received at least 1 dose of study medication) in which 43/45 enrolled

patients met the criteria. The efficacy evaluable (EE) population (had a diagnosis of MDS and

completed at least 1 cycle of therapy) had 38 patients in that category. The table below

summarizes the number of patients who were included in the efficacy analyses submitted by the
Sponsor.

Table 6 Number of Patients Included in Efficacy Analyses (Applicant’s Table)

 

 

 
25mg 10mg 10mg Sync. Overall

  

  
 

   
 
 

alysis Populations n n (%) n (%)
ITT Population [a] 13 {100.0} 12 {100.0} 20 (100.0)- 45 (100.9)

Modified Intent—to—treat iMITT)[b] 13 (100.0} 12 (100.0? 18 i 90.0) 43 ( 95.6)lEfficacy evaluable[c] 10 t 76.9) 12 (100.0) 16 i 80.0} 38 ( 84.4) 
Data Source: Ieble 24.1.1

[a] The ITT population includes all patients who took at least one dose of study drug.
[b] The MITT population includes all patients who took one dose of study drug but

excludes patients 138 and 139 who had a diagnosis of chronic myeloid leukemia iCML).
[C] The efficacy evaluable population includes all patients who completed at least one

cycle of study medication. Patients 138 and 139 were excluded from this group since
they are diagnosed with CML.

Source: CC-SOl-MDS-OO] , Table 7.

The FDA reviewed the data for the ITT population which consisted of 45 patients who were

enrolled in the study. Those that met the population of interest were then analyzed in detail.

These included 10 patients with RBC'transfusion dependent low— or intermediate-1 risk MDS

associated with a 5q deletion cytogenetic abnormality with or without other deletions. FDA ‘

agreed with the sponsor’s analysis.

Dosing Regimens

Study CC-501'3-MDS—003 and Study CC—SOli-MDS-OOI

Study CC—501—MDS—001 was a Phase 1/2, open- label, single—arm, 2—stage, dose—finding study of

the safety and efficacy of lenalidomide for the treatment of patients with MDS. Based on the

findings of a Phase 1 study of lenalidomide in subjects with multiple myeloma (Study CDC-

501- 001), the initial starting dose of lenalidomide in this study was 25 mg daily, and the first 13

patients who were enrolled in the study were treated with this dose. A high incidence of

neutropenia and thrombocytopenia was observed within the first 4 to 8 weeks of treatment, as a

result of which, the protocol was amended to study 2 lower-dose regimens in sequential order: 1)

a “ continuous ” regimen in which 10 mg of lenalidomide was administered daily without a

planned rest, and 2) a “ syncopated ” regimen in which 10 mg of lenalidomide was administered

on Days 1 through 21 of repeated 28— day cycles. Twelve subjects were treated with the lO-mg
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continuous regimen, and, although erythroid responses were observed, the median time to dose—

limiting neutropenia or thrombocytopenia was found to be 13 weeks. Based on these safety

findings, enrollment into the lO-mg syncopated regimen was initiated. After 3 erythroid

responses were observed among the first 5 subjects who were treated with the lO-mg syncopated

dosing regimen, an additional 15 subjects were enrolled in that group to gain further clinical

experience with the syncopated regimen.

A total of 45 subjects were enrolled in Study CC—SOl-MDS—OOI of whom 43 had the protocol—
specified diagnosis of MDS with or without an associated del 5 (q3 l- 33) cytogenetic

abnormality (2 of the subjects had a diagnosis of Philadelphia chromosome- negative chronic

myeloid leukemia and, therefore, were excluded from the analyses). The major erythroid

response rate was 44.2% (19/ 43) and the minor erythroid response rate was 7.0% (3/ 43) across

the 3 lenalidomide regimens; all of the responses were observed in subjects who had low— or

intermediate—1 risk MDS. Subjects with a del 5 (q31—, 33) cytogenetic abnormality appeared to be

particularly responsive to lenalidomide: the major erythroid response rate was 69.2% (9/ 13) in

this population and was associated with a median increase of 5.3 g/ dL in Hgb and with major

cytogenetic responses in 84.6% (1 1/13) of the subjects. Overall, the results of this study

suggested that lenalidomide, administered at a dose of 10 mg/day, was an effective treatment for

subjects with low or intermediate—1 risk MDS and an associated del 5 (q31-33) cytogenetic

abnormality. As a result of the findings in this study, Study CC-5013—MDS—003 was initiated in

subjects with low or intermediate- 1 risk MDS associated with a dc] 5 (q31—33) cytogenetic

abnormality to confirm the efficacy and safety of lenalidomide at a dose of 10 mg/day in this

subject population.

Study CC-5013-MDS—003 was a Phase 2, multicenter, open—label, single-arm study of the

efficacy and safety of lenalidomide when administered at a dose of 10 mg daily either as a “

syncopated ” (i.e., administration of 10 mg/ day of lenalidomide on Days 1—21 of repeated 28—

day cycles) or “ continuous ” (administration of 10 mg/day of lenalidomide without a planned

rest) regimen to patients with an lPSS diagnosis of low or intermediate-1 risk MDS and an

associated del 5 (q31—33) cytogenetic abnormality with or without other cytogenetic .
abnormalities and RBC transfusion-dependent anemia. Based on preliminary data from the pilot

study (Study CC—SOI—MDS—OOI), the first 45 enrolled subjects were treated with the lO-mg

syncopated dosing regimen. However, after additional information from the pilot study

suggested that the onset of response was more rapid with the lO—mg continuous dosing regimen

than with the lO—mg syncopated regimen, without additional safety concerns, the lO—mg

continuous dosing regimen was adopted, and 103 subjects were enrolled in the study and treated

with the continuous dosing regimen. Patients who initially began therapy on the syncopated

regimen and who did not experience dose—limiting AEs were allowed to switch to the continuous
regimen.

The table below shows the number of patients who received the 2 or 3 doses in both studies.
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Table 7 Dosing Regimens in ”T Population (Reviewer’s Table)

 

 

 

Study 25 mg daily 10 mg 10 mg
sync_opated continuous

CC—SOl—MDS-OOl 13 20 l2

CC—5013-MDS-003 0 45 103 

Baseline Demo ra hic and Disease Characteristics 

Study CC—5013—MDS-003

Sponsor’s Analysis

The sponsor submitted the table below summarizes the baseline demographic and disease-related
characteristics for the 148 patients in the ITT population.

Table 8 Baseline Demographic and Disease—Related CharacteristicsflTT Population) (Applicant’s Table )

APPEARS THIS WAY

Gil G'RlGlNAL
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10mg Cont. 10mg Sync.

 iN=lfi33 lN=4E

Age iyear:
n 103 45
Mean 69.3 l1.5
SD 15.91 9.45
Median ?1.0 72.0

Min, Max

Age distribution
(:65
>65

Missing

Sex
Male
Female

Missing

Race [1]
Mhite
Black

Hispanic
Asiaanacific Islander
American Indian/Alaska Nati
OUEI

Missing

Height {inches}
n

Mean
SD

Median

Min. Max
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59 i 67.63
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n I
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[l] Percents may add up to more than 109% since subjects were allowed to select more than one Race.
[21 [P58 Score = Sum of Marrow blast + Karvo ‘26 + Cvto-enia Score. 2 . >
[3] Eastern Cooperative Oncology Group Performance Status: U=Fully active, no restrictions :Karnofsky 99—160}; 1=Restricted but

ambulatory and capable of light work {Karnofsky 70-20}; 2=Amhulatory and capable of self—care but unable to work {Karnofsky
50»60i.

Overall
5N=1483

._. .5

c:1:;<5a-..‘l
._.. m
-4 ,_.. Ln«:2U1<:>9.: c.1 Q \a r:\

:D::><Di\.>wo
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{4] French-American—British {FAB} classification of MDS. See Appendix ll of the protocol for the classification criteria.

Program path: ElsasdbvmldatalprdiPro'ectsiCC-5013RCC-5013-MDS—003Eprogramsitablesidemog.sas
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10mg Sync. CHE-13511.1

(11:45;- 1N=1482

Height llbsi
11 ~13 145
Mean 171.0 170.4
SD 35.31 13.51
Median 163.0 155.3
Min, Max 119.3, 252.6 99.6, 303.9 

Duration cf MDS iyears}

 
 

n 1.03- HE-
Mean 3. 3.4
SD 3.36 3.29
Median 2.3 2.5
Hin.l-1ax 0.1, 20.” 0.1. 20.?

Sgt-1 {3L3}? Chromosomal Abnormality" n 1%}
Yes 148 1100.91
110 C I' 0.01

Missing C I 0.01

IPSS Scoreébased on Central Review'E [2] n 11%| n 1%?
Low f0} 13 (23.9‘ 551372-
1ntermediate»1 25 i 55.6 65 i 43.9?
Intermediate-2 { .. '. 2 1 4.4; 6 If 4.11
High (>=Z.Sl l I 2.2 2 i 1.41
Missing 4 8.9‘ 20 l 13.51

ECOG Performance Statusl31 n n 1%!
0 16 1 59 I. 39.91
1 25 i 75 1' 59.71
2 4 i 14 I 9.51
Missing 6 1 6' I. 0.01

  
 

Percents mav add up to more than 103% since subjects were allowed to select mere than one Race.
1 SS Sco“ Sum of Marrow blast + Katy-atype + Cytcpenia Sec-re
Eastern Cooperative Oncology Group Performance Status: O=Fully active, no restrictions (Kamofslql 90-1002,- 1=Restricted but
ambulatory and capable. of light work (Karnofsk'i 70-80},- 2=Ambulatcry and capable of se1f~care but unable to work {Karrie-fishy
50-601

14] French-American-British iFABl classification of 11135. See Appendix II of the protocol for the classification criteria.
Program path: ‘.."-._sasdbnn\data\_prdlProjects'x-CC-SGIBXCC-SOIE-MDS-0-2-1iprogramsltahlesldemog.sas

  

uNp...
 

Source: CC—5013-MDS—003. Table 14.1.4.1.

Medical History and Prior/Concomitant Medications

In the ITT population, hemochromatosis was present in 30.4% (45/ 148) patients and an

additional 2.7% (4/148) had hemosiderosis. Iron chelating agents were used by 33.8% (50/ 148)

patients, 8.8% (13/148) used various forms of erythropoietin and colony stimulating factors were

used in 15.5% (23/148) patients.
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FDA Analysis of Demographics and Baseline Disease Characteristics: Study CC—5013-
MDS-003

Demographics

The reviewer did an analysis of the demographics and baseline disease characteristics in the ITT

population of 148 patients enrolled. The mean age of patients overall was 70 years with a range

of37 to 95 years. The majority of the patients were female (66%) and Caucasian (97%).

Seventy one percent (71%) patients were 2 65 years of age. Baseline ECOG performance status

score was $2 in all the patients. The demographics for the ITT population are shown in the table

below. Analyses were also done on the populations that received 10 mg syncopated dose and 10

mg continuous dose. This table is consistent with the sponsor’s analysis.

Table 9 Demographics in the ITT Population (Reviewer’s Table)

  

 
 

 
 

ITT

N=l48 (%)
 

 

Demographics 10 mg cont
N=103 10 mg sync

N=45       
 A e( ears)   

 

 
Mean

Median

 

 
 69.3

71
 

  
 

   
  

   
   

    

        
  

   
   

 
  

    
   

 
   

 

  
     

     
 
 
 
 

 
     

 

SD . 10.9

Range 51-91 37-95

Age Distribution -

Age < 65 13 (28.9) 30 (29.1)

A 6265 32 (71.1) 105 (70.9)

—
28 (37.8)

43 (95.6) 100 (97.1) 143 (96.6
1 (2.2) -

Asian/Pacific Islander 1 (2.2) 2 (1.3)
ECOG erformance status

16 (35.6) . 59 39.9

25 (55.6) 50 (48.5)

4 (8.9) 10 (9.7) 14 (9.4)

 

   

Baseline Disease Characteristics

Myelodysplasia Classification

 

The bone marrow biopsy and. aspirate samples, peripheral blood smear slides and pathology
reports for each subject were reviewed centrally by an independent hematologic reviewer, John

M Bennett, MD, University of Rochester Cancer Center, Rochester, NY). '
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The FAB classification considered by the FDA was adjudicated by the independent hematologic

reviewer. Seventy seven (52%) patients had refractory anemia (RA), 16 (10.8%) patients had

refractory anemia with ringed sideroblasts (RARS), 2 patients had RA/RARS and 30 (20%)

patients had refractory anemia with excess blasts (RAEB). The others were diagnosed with

CMML (3), acute leukemia (1), not MDS (2) and unable to classify (17). Thus, 84.4% patients

had a diagnosis of MDS. The table below shows the results of the central hematologic review.

This table is consistent with the sponsor’s analysis.

Table 10 MDS Subtypes by FAB Classification lTT Population (Reviewer’s Table)

N=45 N=103

RARS 3(6.7) 13 12.6 16(10.8)
1(2—2

1206.7

1(2.2)

1(2-2

Not MDS 0 (0.0 2 (1.9) 2 (1.3)

Unable to classi 3 (2.9) 14 (13.6) 17(1 1.5)

   
 

 

 
 
 
 
     

Reviewer ’5 Comment: ‘

One hundred and twenty eight (85.9 %) patients had a classification ofMDS.

IPSS Scores and Risk Category

The cytogenetic reports and chromosome prints for each subject were centrally reviewed by an

independent cytogenetic reviewer, Gordon W. Dewald, MD, The Mayo Clinic, Rochester, MN,

and submitted in the central cytogenetic review.

The FDA considered the cytopenias, percent myeloblasts and karyotype assigned for a combined
IPSS score and subsequent classification of the risk category that were adjudicated by the

7 independent cytogenetic reviewer. The karyotype analysis was based on the central cytogenetic

_ review.

The Sq deletion was present in all 148 patients enrolled. The Sq deletion was an isolated

abnormality in 110 (74.3%) patients and was present with other cytogenetic abnormalities in 38
(25.7%) patients diagnosed. At least 20 banded metaphase spreads were analyzed in l 19

(80.4%) patients and < 20 metaphases were analyzed in 29 ( 19.6%) patients for diagnosis of the

cytogenetic abnormality. The sponsor was queriedon the minimum number of analyzable

metaphase spreads used as a requirement for diagnosis. They stated (Response to FDA request

for information, August 9, 2005): “while not all patients had at least 20

analyzable metaphases at baseline , all had evidence of a

deletion Sq abnormality in at least 2 (two) metaphases , or by

FISH (in one case) upon central review” .
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There were at least 2 karyotype analyses (baseline and follow—up) done in 1 1 l (75%) patients. In
these patients, 92 (82.9%) had at least 20 metaphases spreads analyzed in the first visit and 84

(75.7%) patients had at least 20 metaphases analyzed in the second visit.

A good prognosis karyotype was present in 1 12 (75.7%), an intermediate prognosis karyotype in

25 (16.9%) and a poor prognosis karyotype in 1 1 (7.4%) patients. The marrow blast percentage
was < 5 in 99 (66.9%), 5—10 in 25 (16.9%), 11—20 in 4 (2.7%), 20—30 in 1 (0.7%) and >30 in

(0.7%) patients. Bone marrow blasts were missing in 19 (12.8%) patients. The missing blast

scores were due to inadequate bone marrow aspirate sample at baseline. The sponsor was

queried and they explained that (Response to FDA request for information, June 14, 2005) if the
quality of the baseline bone marrow biopsy was such that the Central Reviewer was able to

assess the FAB classification as RA, then <5% myeloblasts were assumed when calculating the

IPSS. Cytopenias seen in the platelet, hemoglobin and absolute neutrophil counts were missing

in the central labOratory values in 5 patients. The missing cytopenias were explained by the

sponsor (Response to FDA request for information, June 14, 2005) to be due to unavailability of
the values by central laboratory in which case the local laboratory values were used. The

sponsor submitted the missing values. Based on the above, the risk category was assigned as
low risk in 55 (37.1%) patients, interrnediate—l risk in 65 (43.2%) patients, intermediate—2 risk in

6 (4.0%) patients and high risk in 2 (1.3%) patients. There was no category assigned in the 20
(13.5%) patients with missing values. The table below shows the results of marrow blasts,

karyotype and cytopenias leading to the combined score and final classification of the risk

category.

Table 11 IPSS Scores and Risk Category at Baseline ITT Population (Reviewer’s Table)

IPSS ‘ 10 mg Sync 10 mg Cont ITT
N=45 N=l03 N=l48

C to_enetics

  

  

  

 

   
  
  

  
 

  
  
   

  
  

5q deletion present 45 (100.0) 103 (100.0) 148 (100.0)

5q deletion as isolated abnormality 31 (68.9) _ 79 (76.7) 1 10 (74.3)
5q deletion with other cytogenetic

abnormalities 14 (31.1 ) 24 (23L 38 (25.7)
2 20 metaphases analyzed at 34 (75.6) 85 (82.5) 1 19 (80.4)

. baseline

< 20 metaphases analyzed at 11 (24.4) 18 (17.5) 29 (19.6) I
baseline

Good ka ot e 31 (68.9) 81 (78.6) 112 (75.7)

Intermediate karyotype 9 (20.0) 17 (16.5) 26 (17.6)

Poor ka O ‘ne 5 (11.1) 5 (4.9) 10 (6.8)
Marrow Blasts (% -

<5 29 (64.4) 70 (68.0) 99 (66.9)

5—10 9(20.0) 14(13.6) 23(15.5)
11-20 2 (4.4) 2 (1.9) 4 (2.7)

21 -30 _ 0 (0.0) 0 (0.0) O (0.0)

>30 1 (2.2) 0 (0.0) 1 (0.7)

Missing 4 (8.9) 17 (16.5) 21 (14.2) 

42



Clinical Review

N2 1 —880/1\1000
Revlimidfl'lLenalidomide  

 

Cytopenias

Oorl 23 (51.1) 68(66.1)

2 or 3 22 (48.8) 35 (34.0)
Risk Category

  

 

 
 

  
 

  
91 (61.5)
57 38.5)

         
 

 
 

 
Low 13 (28.9) _. 42 (40.8) 55 (37.1)
lntermediate—l 25 (55.6) 40 (38.8) 65 (43.2)

Intermediate-2 2 (4.4) 4 (3.9)
  

H1 h 1 (QL 1 (1.0)
' ' 4 (8.9) 16 (15.5)  20(135) 

Reviewer 's Comments:

1. Typically, the analysis ofa minimum of20 banded metaphase spreads is recommended

for diagnosisfor normal and abnormal karyotypes. The analysis of25 or more
metaphases canfurther improve the sensitivity ofkaryotype analysis and leads to the

identification ofadditional clinically relevant abnormal clones or subclones in a

substantialproportion ofpatients with MDS (5). For the evaluable population analyses,
FDA included the patients with a diagnosis ofMDS with low or intermediate—1 risk IPSS

score associated with a 5g deletion diagnosed on analysis ofat least 20 metaphases by
conventional cytogenetics technique.

2. One hundred and twenty (80.3%) patients had a risk category oflowor intermediate-1
risk MDS which is the population in the indication.

RBC Transfusion-Dependent Anemia at Baseline

As per the protocol, RBC transfusion—dependent anemia was defined as requiring 2 2 units of

RBCs within 8 weeks of study treatment. The sponsor in the MITT population defined patients
as transfusion dependent at baseline when they had received at least two transfusions in each of

the eight week periods during the 16 week pre—treatment period and the patients were not

transfusion-free for any 56 consecutive days during the 16 week pre-treatment period.

FDA analyses found discrepancies in the number of units transfused within 56 days from
baseline prior to start of study drug in 4 patients 0203001, 0303003, 0373024 and 0393003. In

the case of patient 0373024, based on Listing 16.2.6.2 the FDA calculated 5 units transfused

prior to start of study drug, while the sponsor calculated 8 units. On querying the sponsor, they
stated (Response to FDA request for information, June 14, 2005) that they have included the 3

PRBC transfusions on day 1 although the patient received the first dose of the drug on that day.
The sponsor was re-queried to explain the rationale used to include PRBC transfusions on day 1
for patient 0373024 when the patient also received the first dose of the drug on that day. The

sponsor gave the following explanation (Response to FDA request for information, dated July 8,
2005): “PRBC transfusions given on day 1 , the day that the first

dose of study drug was given, were included in the baseline

count because the decision to transfuse the patient on that day
was based on information obtained prior to the first dose of

study medication . For patient 03 73 024 , the hemoglobin from the

local lab was 6. 9 g/dL the day before the transfusion was given

and before the start of study drug”. Copies ofthe original documents

showing the date and times of transfusion and start of study drug were requested from the
sponsor and submitted on August 31, 2005.
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One hundred and forty one (95.3%) patients received 2 2 RBC units within 8 weeks prior to

start of study drug, of which 110 (74.3%) received at least 3 units within 8 weeks. Seven (4.7%)

patients received < 2 units within 8 weeks. The median was 6 units and the range 0—18 units in

the 8 weeks prior to start of study drug. The table below shows the patients with transfusion

dependence at baseline.

Table 12 Transfusion Dependence at Baseline lTT Population (Reviewer’s table)

 

 
 

 

 
 

  

 

Transfusion De - endence N=148 %

Z 2 RBC units within 8 weeks of start of study drug 14l
> 3 RBC units within 8 weeks ofstart of stud dm- 1 10
0—2 units within 8 weeks

6
0- 1 unit within 8 weeks 4.7
Median number of units

Reviewer ’3 Comment:

1. Ninety—five percent ofpatients received at least 2 units within 8 weeks prior to start of

Min, Max

study drug. 72%»received more than 3 units. The median was 6 units and the range 0—18

units. There is no definition ofwhat is a truly transfusion dependent population.

 

  
 

 
 

  

 0—18
 

Study CC-501—MDS-001

The table below summarizes the baseline demographic and disease—related characteristics for the

MITT population as submitted by the sponsor.

Table 13 Baseline Demographic and Disease—Related Characteristics (MITT Population) (Applicant’s Table)

' APPEARS THlS WAY

0N ORlGli‘lAL
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10mg 10mg Sync. Overall

(N=18) (N=43)

 ge (years)   

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
  
  

n 13 12 18 43
Mean . 73.1 70.9 66.7 69.8
SD 3.38 9 93 13.82 11.55
Median 74.0 69 5 71.0 72.0
Min, Max 51.0, 85.0 56.0, 85.0 27.0, 82.0 .27.0, 85.0
ge distribution

2 ( 15.4) 4 a 33.3) 7 t 38.9) 13 i 30.2)
11 i 84.6) 8 ( 66.7) 11 i 61.1) 30 f 69.8)

Male 7 i 53.8) 9 ( 75.0) 10 ( 55.6) 26 1 60.5)
Female 5 i 46.2) 3 I: 25.0) 8 {44.4) 1'." I: 39.5)
ace [3]
White 11 ( 84.6 12 (100_0) 15 I 83.3) 33
Black 0 (‘ 0.0‘ 0 I' 0.0) 0 k 0.0) 0
Hispanic 2 ( 15.4} o ( 0.9) 2 ( 11.1) 4
Asian/Pacific Islander 0 ( 0.0) D I 0.0) l x 5.6) 1
American Indian/Alaska Native 0 ( 0.0} 0 I 0.0) 0 L 0.0) 0
Other 0 ( 0.0) O f 0.0) 0 I 0.0) 0
uration of MDS (years)
n 13 12 18
Mean 4.6 3.2 2.6
SD 4.51 2.53 _.89
Median 2.5 3.1 1.0
Min, Max 0.5-, 14.1 0 4, 8.8 0.1, 11 l 0

5q(—) (31—33) Chromosomal Abnormality
Yes 5 { 38.5) 3 ( 25.0) 5 ( 7.8) 13
No 8 ( 61.5) 9 ( 75 0) 13 ( 72.2) 30

IPSS Score [b]
Low {0) 4 i 30.8) S ( 4.1.7) 6 ( 33.3) 15
Intermediate—1 .U.5—1.0) 5 ( 38.5} 6 i 50.0) 12 i 66.7) 23
Intermediate-2 (1.5-2.0) 3 i 23.1) 1 ( 8.3) 0 ( 0.0) 4
High {>=2.5) 1 -( 7.7) o ( 0.0) o ( 0.0) 1
COG Performance Statuslc]
C- 6 ( 46. ) 6 ( 50.0) 7‘ f 38.9) 19
1 5 ( 46 2, 6 I 50.0) 10 a 55.6) 22 .
2 1 { .7} 0 ( 0.0) 1 \ 5.6) 2 ( 4.7)

FAB Classification
RA 4 i 30.8) 5 ( 41.7) 11 i 61.1) 20 ( 45.5)
RARE 3 ( 23.1) 6 (50.0) 4 I: 22.2) 13 I: 30.2)
RAEB 5 ( 38.5} 1 i 8.3) 2 i 11.1) 8 i 18.6)
CMML 0 ( 0.0) C' ( 0.0) 1 If 5.6) 1 ( 2.3)
RAEB-T 1 i 7.7) 0 ( 0.0) 0 ( 0.0) 1 ( 2.3) 

Data Saurce: Table 14.1.2.2

'[a] Percents may add up to more than 100% since patients were allowed to select more than
one Race .

[b] IPSS Score = Sum of Marrow blast + Karyotype + Cytopenia Score. Note: Patients 125
and 144 were missing % blasts at the screening/baseline visit. For purposes of IPSS
categorization, blasts were assumed to be < 5% for these two patients because they
had been assessed as having EARS and RA, respectively.

[C] Eastern Cooperative Oncology Group Performance Status: O=Fu11y active, no
restrictions {Karnofsky 90—100); 1=Restricted but ambulatory and capable of light
work (Karnefsky 70—80); 2=Ambulatory and capable of self—care but unable to work
(Karnofsky 50—60); 3=Capable of only limited self-care, confined to bed or chair mere
than 50% of waking hours. (Karnofsky 30—40); 4=Completely disabled. Cannot carry on
any self—care. Totally confined to bed or chair. (Karnofsky 10-20‘.

Source: CC—SOI—MDS-OOI, Table 9
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FDA Analysis of Baseline Disease Characteristics: Study CC-501-MDS-001

The reviewer did an analysis of the baseline disease characteristics in the ITT population of the

45 patients enrolled. Twenty patients (44.4%) had RA, 13 (28.9%) had RARS and 8 (17.8%)

patients had RAEB. The others were diagnosed with RAEB—t (1), CMML (l) and 2 patients

were not MDS. Thus 91% patients were diagnosed with MDS. The Sq deletion was present in

13 (28.9%) patients and absent in the rest. Fifteen (33.3%) patients were classified in the low

risk category, 25 (55.5%) patients were in the intermediate-1 risk category, 4 (8.9%) patients

were in the intermediate—2 risk category and 1 patient was in the high-risk category.

Table 14 Disease Characteristics at baseline ITT Population (Reviewer’s Table)

Characteristics N=45

MDS Sub es
 20 ' 44.4

RARS 3 28.9

RAEB-t

CMML

Not MDS -4

Cytogenetics

5q deletion present 28.9
5 deletion absent 71.1

Risk Category

 RAEB _ 17.8

1

1
1

 

 

lntennediate—l

Intermediate-2

High

 

 

 
 

Disposition of Subjects

Study CC-5013-MDS—003

Sponsor’s Analysis -

The sponsor used September 15, 2004 as the data cutoff date. As of the 15 September 2004 data

cutoff date, 42 (28.4%) of the 148 subjects had discontinued from the study: 34 (23.0%) of the

148 subjects discontinued before completing 24 weeks of the study, and 8 (5.4%) discontinued

treatment after completing 24 weeks of the study. The primary reasons for discontinuation were

AEs (10.8%; 16/148) and lack of therapeutic effect (8.8%; 13/148). Of the 106 subjects who

remained in the study as of the data cutoff date, 103 had completed at least 24 weeks of the

study, and 3 had not yet completed 24 weeks of the study. Overall, 111 (75.0%) of the 148

subjects had completed at least 24 weeks of the study as of 15 September 2004. The table below

summarizes the disposition of patients as submitted by the sponsor.
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Table 15 Disposition of Patients (Applicant’s Table)

10mg Cont. 10mg Sync.
n (%)

\5)

If."C.)l)\'.‘.‘.‘)——‘.l'.:.
  

 
popula tier; .

Source: CC—5013—MD5-003. Table IO

FDA Analysis 7‘

The reviewer analyzed the primary reasons for discontinuation in the 148 patients enrolled. The

primary reasons for discOntinuation were adverse events in 16 patients (10.8%) and lack of

therapeutic effect in 13 patients (8.8%). The main reasons for the adverse events were rash (7),

thrombocytopenia (5), pneumonia (5), neutropenia (4), pruritis (4), fever (3), anemia (3),

diarrhea (2), dyspnea, edema, neuropathy, pancytopenia, colon cancer and cerebrovascular

accident. Patients withdrew consent after neutropenic'sepsis, pneumonia and pruritis. Deaths

were due to neutropenia (5) with sepsis in 3 patients and thrombocytopenia (3) with subdural

hematoma in one patient and transfusion reaction in another. The FDA analysis of patient

disposition in the ITT population is shown in the table below.

Table 16 Patient Disposition ITT Population (Reviewer’s Table)

Patient Dis - osition

ITT o-oulation '

Com letion of rotocol Snecified treatment

Reasons for Treatment Discontinuation

Adverse events ‘
Lack of theraeutic effect
Death

Withdrew consent

Transformed into AML

Progression

Non—cmliance
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Study CC—SOl-MDS-001

Forty— five patients were enrolled in the study. As of the 05 February 2004 data cutoff date, 14

(31.1%) of the 45 patients had discontinued from the study before completing the first 16 weeks

(core phase) of therapy. The primary reasons for discontinuation from the study during the first

16 weeks were adverse events (15.6%; 7/ 45) and treatment failtire (8.9%; 4/ 45). The frequency

of early discontinuation due to adverse events was higher (30.8%; 4/ 13) in the 25—mg dosing

group than in either the lO-mg continuous (8.3%; 1/ 12) or lO—mg syncopated (10.0%; 2/ 18)

dosing group. Two (4.4%) of the 45 patients died during the core phase of the study of causes

that the investigator judged to be unrelated to lenalidomide (multiorgan failure due to sepsis in

Patient 1 12 [ZS—mg dosing group] and splenic infarction in Patient 134 [IO-mg syncopated

dosing group]). The table below summarizes the disposition of patients for the core phase

(Weeks 1—16) of the study as submitted by the sponsor.

Table 17 Disposition of Patients in Core Phase (Weeks 1-16) (Applicant’s Table)

 

25mg 10mg 10mg Sync. Overall
11 (35) n (95) n (96) n (‘45) 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

ITT Population[a] 13 (100.0) 12 (100.0) 20 (100.0) 45 (100.0)
MITT [b] 13 (100.0) 12 (100.0) 18- (90.0) 43 I: 95.6) m

Entered Core Phase[c1 13 (100.0) 12 i100.0) 18 ( 90.0) 43 ( 95.6) $2
Completed 16 weeks of study medication 8 ( 61.5) 7 i 58.3) 16 ( 80.0) 31 ( 68.9) —+
Discontinued study med. prior to Week 16 S ( 38.5) 5 i 41.7) 4 ( 20.0) 14 I 31.1) -11

Primary reason for discontinuation (D
Adverse event 4 ( 30.8) 1 ( 8.3) 2 i 10.0) 7 I: 15.6) (D
Protocol violation 0 i 0.0) 0 i 0.0) 0 ( 0.0) 0 ( 0.0) $2.

Investigator withdrew Patient 0 ( 0.0) 0 II 0.0) C- ( 0.0) 0 ( 0.0) 9:
Study discontinued by sponsor 0 l 0.0) 0 i 0.0) 0 i 0.0) 0 ( 0.0) (DDeath 1 ( 7.7) O ( 0.0) l E I"v.01 '2 '1 4.4)

Patient withdrew consent 0 i 0.0) 1 ( 8.3) 0 t 0.0) 1 i 2.2) (7
Treatment failure 0 t 0.0) 3 i 25.0) 1 1 5.0) 4 ( 8.9) C)
Patient lost to follow—up c- ( 0.0) e .; 0.0; c- ( 0.0) «3 ( 0.0) | 'C

Data Source: Table 14.1.1 ~<:
[a] The ITT population includee all patients who took at least one dose of study drug.
[b] The MITT population includes all patients who took one dose of study drug but

excludes patients 138 and 139 who had a diagnosis of chronic myeloid leukemia stML).
[CIPercents for the Core Phase 'are based on the overall ITT population.

Source: CC-501—MDS—001, Table 4

As of the 05 February 2004 data cutoff date, 29 (64.4%) of the 45 enrolled patients had entered

the extension phase (Weeks 17- 52) of the study. Thirteen (44.8%) of these 29 patients (had

discontinued from the study before completing the planned 52 weeks of the extension period as

of the 05 February 2004 data cutoff date. The primary reason for discontinuation from the study

in the extension phase was adverse events (27.6%; 8/29). Two ( 6.9%) of the 29 patients

discontinued from the study due to treatment failure, 2 (6.9%) were lost to follow- up, and 1

(3.4%) died of multiorgan failure that developed secondary to pneumonia (Patient 108); the

death was judged by the investigator to be unrelated to lenalidomide. The table below

summarizes the disposition of patients during the extension phase as submitted by the sponsor.
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Table 18 Disposition of Patients in Extension Phase (Weeks 17-52) (Applicant’s Table)

 
25mg 10mg 10mg Sync. Overall

n (%) n (%) n (%1 n (%)

    

 

    
 
 
 
 
 
 
 
 
 
 

ITT Population [3] 3 (100.0) 2 , - .0) 20 (100.0) 45 . .0)
Entered Extension Phase[b] 7 I 53 81 7 t 58.3) 15 ( 75.0) 29 I 64.4)
Completed 52 Weeks of study medication 4 t 57.11 4 t 57.1) 0 i 0.0) 8 f 27.6)
Discontinued study med.prior to Weeksz 3 I 42.9) 3 t 42.9) 7 ( 46.7) 13 I 44.8

Primary reason for discontinuation
Adverse event 1 i 14.3) 4 t 42.9) 4 i 26.7) 8 ( 27.6)
Protocol violation 3 i 0.0) 3 t 0.0) 0 t 0.0) 0 i 0.0)
Investigator withdrew Patient 3 t 0.0) C i 0.0) G t 0.0) 0 i 0.0)
Study discontinued by sponsor 3 ( 0.0) q i 0.0) 0 4 0.0) 0 t 0.0)
Death 1 I: 14.3) 3 X: 0.0) 0 0.0) l E 3.4)
Patient withdrew consent 3 ( 0.0) 3 t 0.0) . 0 0.0) 0 l 0.0)
Treatment failure C ( 0.0) C ( 0.0) 2 I 13.3) 2 ( 6.9)
Patient lost to'follow—up 1 i 14.3) 3 i 0.0) l 6.7) 2 i 6.9)
 
 
Data Source: fable i4.l.1

[a] The ITT population includes all patients who took at least one dose of study drug.
[b]Percents for the Extension Phases are based on the number of ITT patients who entered
that phase

Source: CC-501-MDS-001, Table 5

Protocol Deviations

Study CC-5013-MDS-003

Sponsor’s Analysis

According to the sponsor, the most common protocol deviations were errors in the study

medication regimens (e. g., missed dose).

The 16 occurrences of deviations from the inclusion criteria in 15 subjects and the 9 occurrences

of deviations from exclusion criteria in 9 subjects represent bone marrow biopsies that were not

done on time, thereby preventing the timely determination of the FAB classification and IPSS

score. Use of erythropoietin was reported in 4 subjects during the study (Subjects 0243016,

0293010, 0333005, and 0443002). Three of these subjects (Subjects 0293010, 0333005, and

0443002) received erythropoietin after administration of their last dose of study medication but

before they had discontinued from the study; the fourth subject (Subject 0243016) received

erythropoietin both before entry into and during the study (this subject was still participating in

the study as of the 15 September 2004 data cutoff date). None of these subjects had responded

(i.e., became RBC- transfusion independent) to lenalidomide by the time they had discontinued

treatment (Subjects 0293010, 0333005, and 0443002) or as of the 15 September 2004 data cutoff

date for the analysis ( Subject 0243016).

Three subjects received prednisone concomitantly with lenalidomide during the study (Subjects

013003, 0223003, and 0373031). Two of these subjects were taking prednisone at entry into the

study (violation of entry criterion 12) for conditions that included chronic polymyalgias (Subject

0223003) and joint pain (Subject 0373031); these subjects continued to receive prednisone

concomitantly with lenalidomide during the study. Prednisone was initiated in the third subject

(Subject 0013003) during the study as treatment for arthritis.
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The table below summarizes protocol deviations for the total study population submitted by the
sponsor.

Table I9 Protocol Deviations in the Total Study Population (Applicant’s Table)

  

  

  
No. of Subjects

N=148

 
No. of OccurrencesDeviation   
 
 
 
 

Source; CC—5013-MDS-003, Table 12

Adooeiqissod1999
FDA Analysis of Protocol Deviations: Study CC-5013-MDS—003

FDA assessed the protocol deviations in the study protocol. Laboratory tests that were required

for exclusion were either not done or were abnormal yet included in 42 (28.4%) patients. Direct

bilirubin was not done 22/23 patients in one center ’- in Germany. An IPSS

score could not be assigned due to missing myeloblast percentage or due to missing laboratory
values1n 20 (13.5%) patients. The central reviewer was unable to classify MDS1n 17 patients,

could not diagnose MDS in 2 patients and reviewed 1 patient with acute leukemia for a total of

20 (13.5%) patients who did not have a classification of MDS. The risk categOry was

intermediate—2 or high in 8 (5.4%) patients. Seven (4.7%) patients did not receive 3 2 units of

RBC transfusion within 8 weeks prior to start of study drug and were thus not transfusion

dependent at baseline. Current informed consent form was not signed by 1 (0.7%) patient. A

28-day wash-out period was not followed in l (0.7%) patient. Touch prep used to determine

eligibility in 1 (0.7%) patient. One (0.7%) patient had a dry tap.

The table below summarizes the protocol deviations based on the inclusion and exclusion criteria

for Study MDS-003 as assessed by the FDA. Those marked with stars were considered major

- protocol deviations. These patients could not be adjudicated by the independent hematologic or

cytogenetic reviewer and were excluded from the evaluable population analyzed by the FDA.

Table 20 Inclusion and Exclusion Criteria Protocol Deviations (Reviewer’s table)

 

Protocol Deviations Number of

patients

Laboratory tests required for exclusion not done or included if
abnormal 

Direct bilirubin not done

Iron stain not done

SGPT/ALT > 3 x ULN or not done

Creatinine not done

Unable to assi_n lPSS score due to missin m eloblasts or
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 laborator values*

Unable to classify MDS/FAB subtype or Not MDS or acute
leukemia* V

Risk category intermediate-2 orflgfl‘
Patient not transfusion dependent at baseline i.e., did not
receive 2 2 units RBC within 8 weeks *

Use of growth factors

Current informed consent form ncgs_ig_r_1ed by patient
28-day wash—out periOd not followed

Touch prep used to determine eligibility
Patient had a d - ta

* major protocol deviations

  
 

  

  
 

 
  

 

 

 
 

  

   
 
 

 
 
 

 
  

   

Other deviations not in the inclusion and exclusion criteria but considered significant by the FDA

are shown in the table below. These were study conduct issues.

FDA found that data in Listing 16.2.2 (Protocol Deviations) was contradicted by data in Listing

16.2.6.3 (Cytogenetics Central Review). The sponsor was queried and responded (Response to
FDA request for Information, dated July 12, 2005):

“Listing 16.2.2 is a comprehensive listing of deviations as

captured by the study monitor. Some of these reported deviations

were subsequently clarified or corrected, but that information

does not appear in this listing. The data provided in final

study tables and listings are the final "cleaned" data, after

questions and issues noted on monitoring of the study were

resolved to the extent possible”.

The sponsor was queried on the patients who received growth factors while on study. They

stated (Response to FDA request for information, dated August 9, 2005) that the doses were not

captured on the CRFs but provided the reasons for use and duration of use. Patient 0203001 was

mistakenly noted and did not receive Procrit. Patient 0293010 received darbepoietin alfa _

(Aranesp) for 1 day only. Patient 0243016 received darbepoietin alfa (Aranesp) for anemia for

216 days. This patient did not have a transfusion independent response or a major cytogenetic
response.

The sponsor was queried on the patients who received corticosteroids while on study. They
stated (Response to FDA request for information, dated August 9, 2005) that the doses were not

captured in the CRFs but provided the reasons for use and duration of use. Patient 0013003

received medrol/prednisone for 6 days. Patient 0373009 received decortin H 5 times during the

study for reactions to plaletet transfusion. Patient 0373022 received prednisone for 10 days for

bronchitis and 28 days for itching. Patient 0373031 received decortin H for joint pain.

There were 8 patients who did not have a baseline iron stain done (0053002, 0143003, 0303001,

0373001 , 0373014, 0373018, 0373021, 0373024). Five of them were excluded for other reasons

shown in the next section. Three of the patients did not have a transfusion independent or major
cytogenetic response.

51



Clinical Review

NZI—SSO/NOOO
Revlimid’K/Lenalidomide   

Except for the patients who did not have at least 20 metaphases analyzed at baseline during

cytogenetic review, the rest were included in the efficacy analyses in the evaluable population.

The table below summarizes protocol deviations apart from the inclusion and exclusion criteria

for this protocol.

Table 21 Other Protocol Deviations (Reviewer’s Table)

 

Protocol Deviations Number of

' patients (n=l48)
< 20 metaphases analyzed at baseline* 29
Date of cytogenetic aspirate at screening not within 28 21
da s before first dose ofstud dru- -

Date of bone marrow aspirate at screening not within 28 21
da 5 before first dose of stud dru

 

 

CBC/peripheral blood smear at screening not Within 28

BMBx or Peripheral blood smear slides not sent to
central review

ECG not done at baseline or done >28 days prior to start

of study drug
Corticosteroids while on stud

Procrit or Aranes- while on stud
Labs > 28 da 5 rior

* considered for eligibility in evaluable population

 

  
Study CC-SOI-MDS—OOI

As per the sponsor, the most common protocol deviations were missed visits or assessments (54

occurrences in 24 patients), visits or assessments that were outside of the pre—specified window

(23 occurrences in 16 patients), and noncompliance (e.g., not starting the next cycle on schedule)

to the study medication regimen (34 occurrences in 16 patients). In addition, 2 patients, both in

the lO-mg syncopated dosing group, were found to have a diagnosis other than MDS after

enrollment into the study; the diagnosis of both these patients (Patients 138 and 139) was revised

to Philadelphia chromosome—negative CML. The table below summarizes protocol deviations for

the overall study population. FDA agrees with the analysis.

Table 22 Protocol Deviations (Applicant’s Table) 
No. of Patients

Deviation No. of Occurrences N=45

 
Deviation From Inclusion Criteria 
 
 
 
 
 

Deviation From Exclusion Criteria 0 0

Investigational Drug Noncompliance ' 34 16
Concomitant Medication Noncompliance CI 0
Missing Visits or Assessments 54 24
Out—of—window Visits or Assessments 23 16
Other 0 0

Data Source: Li's-tins 16.2 2 _

 

Source: CC-SOl-MDS-OOl, Table 6
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Eligibility

Study CC-5013-MDS-003

The results of local laboratory and/or central analyses of laboratory data were used to determine

a subject’s eligibility for the study. The results of local review of bone marrow biopsy/aspirate,

peripheral blood smear slides, pathology reports and cytogenetic reports and chromosome prints

were used to determine a subject’s eligibility for the study.

Reasons for Exclusions

Sponsor’s Analysis

The sponsor excluded 54 patients from the ITT population for the following reasons: 1) inability

to obtain documentation that the subject received 22 units of pRBCs in the 8— to 16— week period

before the first dose of lenalidomide (n= 19); 2) a diagnosis of low—or intermediate- 1— risk MDS

was not documented by central review of the baseline bone marrow aspirate and biopsy slides

(n= 28); and 3) the subject was found to have been RBC—transfusion—free for Z 56 days during
the immediate 16 weeks prior to the start of study treatment (n= 7). They did an efficacy

analysis on the population after exclusion called the modified ITT population (MITT).

FDA Analysis

The FDA performed analyses in the patients that were evaluable and excluded 29 (19.6%)

patients whose diagnosis of the 5queletion or other cytogenetic abnormalities was based on <20

metaphase spreads analyzed; 28(18.2%) patients who did not have a diagnosis of low or

interrnediate—l MDS and 7 (4.7%) patients who were not transfusion dependent at baseline i.e.,
did not receive 22 units within 8 weeks.

Table 23 Reasons for Exclusion/Ineligibility from FDA Efficacy Analysis (Reviewer’s Table)

0073001,0073004,0083001,0083003,0093003,
0143002,0223002,0223004,0233002,0233003,

0233005,0233009,0233010,0243003,0243006,
0243013,0273001,0293002,0293004,029301L

0303001,0303003,0373012,0373016,0373019,
0373021,0373026,0393001,0393002

0053002,0093003,0103002,0233005,0233006,
0233009,0243010,0273001,0273002,0293002,

0293011,03l3002,0323004,0333004,0373014,
0373018,0373021,0373028,0393001,0393002

0053002,0093003,0103002,0233005,0233006,
0233009,02430l0,0273001,0273002,0293002,
0293011,0313002,0323004,0333004,0373014,

0373018,0373021,0373028,0393001,0393002
0053001,0163001,0223002,0263001,

03730110373020,0383001,0383002

 

 
 
 

 
 
 

(n=l48)

N (%)

29 (19.6) 
 

   Less than 20 metaphases used
to diagnose Sq deletion

  
   

 
 
 

  

 

   

  
 

 

Unable to classify MDS/FAB

subtype or Not MDS or acute

leukemia

20 (13.5)

 

  
 

 
  

  

 
 

Unable to assign IPSS score 20 (13.5)

due to missing myeloblasts or
laboratory values
 
  

 
 
 

 

 
Risk category intennediate-2 or

high risk  
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Patient not transfiision 7 (4.7) 0073002, 0243012, 0293007, 0293010, 0323003,

dependent at baseline i.e., did 0373015, 0393001
not receive 2 2 units within 8
weeks  

Unable to Assign IPSS Scores .

FDA analyses found patients 0083002, 0113002, 0333003, 0373020, 0373026 and 0383002 to

have been assigned a higher cytopenia based on the listings. The sponsor was queried on these

patients and they stated (Response to FDA request for information, June 14, 2005): “The

minimum hemoglobin level (central or local lab) during the 56'—

day period prior to the first study drug dose was used in the

calculation of the cytopenia score" . The correct values were submitted to the

FDA. These patients were included in the FDA analyses.

FDA analyses found that some central labs for patients/01 13001, 0263001, 0303002, 0373005

and 0373006 were missing the baseline cytopenias and were unable to assign an IPSS score. The

sponsor was queried on these patients and they stated (Response to FDA request for information,

June 14, 2005): “If central lab information was missing for abs .

neut rophil count or platelet coune then local lab values were

used" . The sponsor submitted the values as shown below. These patients were included in

the FDA analyses.

FDA analyses revealed that patients 0123001, 0233008, 0293004 and 0303004 did not have

percent marrow myeloblasts due to inadequate bone marrow aspirate sample at baseline thus

were unable to assign an IPSS score. The sponsor stated (Response to FDA request for

information, June 14, 2005): “If percent marrow myeloblasts were missing

due to inadequate bone marrow aspirate at baseline , but the

quality of the baseline bone marrow biopsy was such that the
Central Reviewer was able to assess the FAB classification as

RA, then <5% myeloblasts were assumed when calculating the

IPSS” . These patients were included in the FDA analyses.

Patient 0293009 has percent myeloblasts in bone marrow aspirate out of range under Listing

16.2.2 but is recorded as 8% in dataset and listings. Page 9000 of the Case Report Form

confirmed 8% myeloblasts in the bone marrow aspirate but the protocol deviation log recorded

an exemption granted for an IPSS score of > 1.0. FDA calculated an IPSS score of 1.0 which

confirmed the sponsor’s recorded score. The sponsor was queried on patient 0293009 and stated

(Response to FDA request for information, dated July 12, 2005) : “CRF page 6 has

percent myeloblasts recorded as 12% , which is out of range , and

a query was issued and response noted on Listing 16 . 2 . 2. The

Central Reviewer percent myeloblasts were recorded as 8% , which

is what appears in the dataset" .

Kaflogzge Analyses .
FDA requested Case Report Forms for the following patients (0053004, 0053005, 0073001,

0293009) due to discrepancies found in the FDA analyses as explained below:
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Listing 16.2.6.3 reported karyotype analysis for Patients 0053004 and 0053005 and described

them as having a 5q deletion, but Listing [6.2.2 states that chromosomal analysis not performed

due to lack ofdividing cells. Page 8000 of the Case Report Form for patient 0053004 revealed

that the screening bone marrow biopsy on February 4, 2004 did show a 5q deletion although the

protocol deviations page recorded as chromosomal analysis was not performed by ~ due to

lack of dividing cells. The Case Report Form for patient 0053004 revealed that the screening

bone marrow biopsy on February 4, 2004 showed a 5q deletion on Page 8000 but the protocol

deviations page has a record that chromosomal analysis was not performed by lmpath due to lack

of dividing cells.

Page 8000 of the Case Report Form for patient 0053005 revealed that the screening bone marrow

biopsy on July 1, 2004 did show a 5q deletion although the protocol deviations page recorded as

chromosomal analysis was not performed by —_ due to lack of dividing cells as shown in the

excerpt below. The Case Report Form for patient 0053005 revealed that the screening bone

marrow biopsy on July 1, 2004 showed a 5q deletion on Page 8000 but the protocol deviations

page has a record that chromosomal analysis was not performed by 7/ due to lack of

dividing cells.

The sponsor was queried on the patients 0053004 and 0053005 above and stated (Response to

FDAquestion,datedJuly12,2005): “Both subjects referenced (0053004 and

0053005) have "not performed by fl optional central

laboratory) due to lack of dividing cells" noted on Listing

16.2.2, however, data is present on Page 7 and on Central

Reviewer forms from the sites local laboratory evaluation. Thus,

although it was reported that ——’ was unable to perform the

analysis, it was indeed performed by the local laboratory”.

Trans usion Ent Re uirement

Patient 0073001 under Listing 16.2.2 reportedly deviated from the inclusion criteria but Listing

16.2.6.2 showed 4 units in last 56 days. Page 8 of the Case Report Form confirmed 4 units in the

56 days prior to start of study drug. There were no comments regarding transfusions in the

protocol deviation log.

There were differences in the calculation of the number of RBC units transfused within 56 days

from baseline in the analyses between that of the FDA and the sponsor in the following patients

(the units recorded by the sponsor and FDA are given in parenthesis): 0203001 (4;5), 0303003

(4;5), 0373024 (8;5) and 0393003 (6;8). The sponsor was queried and explained (Response to

FDA request for information, dated June 14, 2005) the discrepancies. ln patient 0373024, the

sponsor included RBC transfusions on day 1, the same day that the patient received the first dose

of the drug. The sponsor was queried again and responded as follows (Response to FDA request

for information, dated July 8, 2005): “PRBC transfusions given on day 1 , the

day that the first dose of study drug was given , were included
in the baseline count because the decision to trans fuse the

patient on that day was based on information obtained prior to

the first dose of study medication”.
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There were discrepancies in the reason that patients were excluded in the MITT populationin

Listing 16.2.3 and the data listing 16.2.2 which showed the dates patients were transfused in the

21 patients shown in the table below. The sponsor was queried on these differences.

Explanations were submitted in their response to FDA request for information dated August 5,

2005. The sponsor’s response was very confusing and they were again queried on their

responses above (FDA query dated August 1 l, 2005) with the following question for further
clarification: “isn’t day —17 within the first 8 weeks?” The sponsor’s response (dated August 22,

2005) stated: “Please note that we counted the days during the

baseline period chronologically, rather than backwards from

start of drug . Hence , the first 8 weeks of the 16 weeks

preceding start of drug includes days —55 to — 110 inclusive .

The referenced patient (ID 0013003) only received one

transfusion and that was at study day —17 so failed to meet the

criteria for MITT . The same reasoning applies to the other

patients on the list." ’

Table 24 Transfusion Discrepancy (Reviewer’s Table)

 
 

 

 
 
 
 

  

 
 
 

 
 

Reason Patient Excluded

Listin- 16.2.3
Did not receive at least 2 units PRBC in 8-16 weeks

prior to first dose; is transfusion free for a 56-day
eriod prior to first dose
Did not receive at least 2 units PRBC in 8-16 weeks

prior to first dose

Patient ID

0013003

0023001

Discrepancy
Listin_ 16.2.6.2
2 units transfirsed in the 56 day period prior to first
dose

2 units transfused in the 56 day period prior to first
dose

   

 

  

  
 

  

 

 
 

 

 

  
 
   
 

  

 

 
 
 

   

 

 
 
 

 

  

  
  

 
 

  

0053003 Is transfusion free for a 56—day period prior to first 2 units transfused in the 56 day period prior to first
dose dose

0053004 Did not receive at least 2 units PRBC in 8-16 weeks 4 units transfused in the 56 day period prior to first
-prior to first dose dose »

Did not receive at least 2 units PRBC in 8-16 weeks 2 units transfused in the 56 day period prior to first
prior to first dose close I

0103003 Did not receive at least 2 units PRBC in 8-16 weeks
 
 

 
 
 

2 units transfused in the 56 day period prior to first
dose -

2 units transfused in the 56 day period prior to first
dose

2 units transfused in the 56 day period prior to first
dose

prior to first dose; is transfusiOn free for a 56-day
period prior to first dose
Did not receive at least 2' units PRBC in 8—1 6 weeks

prior to first dose; is transfusion free for a 56—day

period prior to first dose
Did not receive at least 2 units PRBC in 8-16 weeks

prior to first dose; is transfusion free for a 56-day

period_prior to first dose

 
 

 

 
0113007

 

  

 

 
 
 0193001

 
 

 
 

  

 
 

  

 
 
  

 
 

 
 

 

  
 

 

 
 

 

 
 

 

 
 
 

 
 

 

  
 

 

0223004 Did not receive at least 2 units PRBC in 8-16 weeks 4 units transfused in the 56 day period prior to first
prior to first dose; is transfusion free for a 56—day dose
period prior to first dose V 1
Is transfusion free for a 56-day period prior to first 2 units transfused in the 56 day period prior to first
dose dose

0243005 Did not receive at least 2 units PRBC in 8—16 weeks 4 units transfused in the 56 day period prior to first
prior to first dose; is transfusion free for a 56-day dose
eriod urior to first dose

0243009 ls transfusion free for a 56-day period prior to first 3 units transfused in the 56 day period prior to first
dose

2 units transqued in the 56 day period prior to first
dose

dose

ls transfusion free for a 56-day period prior to first
dose  

0243017
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Did not receive at least 2 units PRBC in 8-16 weeks

prior to first dose; is transfusion free for a 56-day
period prior to first dose
Is transfusion free for a 56-day period prior to first
dose

Did not receive at least 2 units PRBC in 8-16 weeks
rior to first dose

ls transfusion free for a 56-day period prior to first
dose

Did not receive at least 2 units PRBC in 8-16 weeks

prior to first dose; is transfusion free for a 56-day
neriod nrior to first dose V '
Did not receive at least 2 units PRBC in 8-16 weeks

prior to first dose; is transfusion free for a 56-day
period prior to first dose
Did not receive at least 2 units PRBC in 8—16 weeks

prior to first dose; is transfusion free for a 56—day dose
neriod rior to first dose

0413001 Is transfusion free for a 56—day period prior to first 2 units transfused in the 56 day period prior to first
dose dose '

FDA considered the transfusion dependent population based on the definition of transfusion

dependent anemia in the inclusion criteria in the protocol (RBC transfusion— dependent anemia

defined as having received 22 units of RBCs‘within‘S weeks of study treatment).

0313001 2 units transfused in the156 day period prior to first
dose

3 units transfiised in the 56 day period prior to first
dose

12 units transfused in the 56 day period prior to
first dose

2 units transfused in the 56 day period prior to first
dose

2 units transfused in the 56 day period prior to first
dose ‘

 

 
 

 

 

  
 

 
 

 

 
 

 
 

 
  

  

 

0313005

0333001

0373007

 

 

 
0373025

 
 

 
 

 0373034 6 units transfiJsed in the 56 day period prior to first
dose

 
 

 

  

 
 

 

 0383004 5 units transfirsed in the 56 day period prior to first

FDA excluded patients from the ITT population based on the criteria as discussed in detail

above to identify patients in the evaluable population. The table below gives a patient—by—patient
reason for exclusion.

Table 25 List of Patients and Reasons for Exclusion (Reviewer’s Table)

No. Patient ID Reason for Exclusion
1. 0053001 risk cate_o intermediate-2

2. 0053002 unable to classify MDS subtype; unable to assign IPSS score as m eloblasts n/a
3. 0073001 15 metahases anal zed for dianosis

7.

 

 
 

  

 
  

  

0373002 uatient not transfusion dependent at baseline; received zero units in 8 weeks
6 metahases anal zed for dia_nosis

_—--—

n—_——m eloblasts n/a; 3 metahases anal zed for dianosis

9. 0103002 unable to classify MDS subtype; unable to assign lPSS score as baseline
rn eloblasts n/a

 

  
 

  

   
 
  
 

  

10. 0143002
 

 
 

  

 

 
 

 
 

 

 0223004

0233002

0233003

0233005

  
 

1 l metaphases analyzed for diagnosis

15 metaphases analyzed for diagnosis
1 1 meta hases anal zed for dianosis

unable to classify MDS subtype; unable to assign IPSS score as baseline

myeloblasts n/a ; 5 metaphases analyzed for diagnosis

 
 
 
 

 

15.

16.
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0233010

17.

18.

19.

20. 0243003

IllllilllIfllflfiflflfllllllllll

23. 0243012

0243013

0263001

0273001

 

 

  

 

 

0233006

0233009  unable to classify MDS subtype; unable to assign IPSS score as baseline

myeloblasts n/a; 6 metaphases analyzed for diagnosis

16 metaphases anal zed for dia nosis 
 
 

 

 
 

 

  
 

 
 

 

 
 

diagnosis acute leukemia; cannot assign lPSS score
atient not transfusion deendent at baseline; received zero units in 8 weeks

19 metaphases anal zed for dianosis ‘
risk category intermediate—2
unable to classify MDS subtype; unable to assign lPSS score as baseline

myeloblasts n/a; 4 metaphases analyzed for diagnosis
unable to classify MDS subtype; unable to assign lPSS score as baseline

myeloblasts n/a '

unable to classify MDS subtype; unable to assign lPSS score as baseline
m eloblasts n/a; 8 metahases anal zed for dia-nosis

0293004 19 metahases anal zed for dianosis

0293007 at'ient not transfusion deendent at baseline; received one unit in 8 weeks .
1

0293010 patient not transfusion dependent at baseline; received zero units in 8 weeks
029301 1 unable to classify MDS subtype; unable to assign lPSS score as baseline

myeloblasts n/a; 9 metahases anal zed for dia nosis
15 metahases anal zed for dia

l l metaphases anal zed for dia

diaflis not MDS; unable to assign IPSS score
patient not transfusion deendent at baseline; received zero units in 8 weeks
unable to classify MDS subtype; unable to assign lPSS score as baseline
myeloblasts n/a

unable to classify MDS subtype; unable to assign lPSS score as baseline
in eloblasts n/a

6 meta-hases anal zed for dia_

unable to classify MDS subtype; unable to assign IPSS score as baseline
in eloblasts n/a

patient not transfusion dependent at baseline; received zero units in 8 weeks; risk

category intermediate-2

l6 metaphases analyzed for dia nosis
unable to classify MDS subtype; unable to assign lPSS score as baseline
In eloblasts n/a

0373019 10 metahases anal zed for dia- nosis . -
0373020

46. 0373021 unable to classify MDS subtype; unable to assign lPSS score as baseline
In eloblasts n/a; 4 metahases anal zed for dianosis

0373026 13 metaphases analyzed for diagnosis

0373028 unable to classify MDS subtype; unable to assign IPSS score as baseline
In eloblasts n/a

0383001

0383002 risk category high
51. 0393001 unable to classify MDS subtype; unable to assign IPSS score as baseline

52.

  
 
 

  
 

 

 

  

 
 

 
 

 

  
 
 
 0273002

 

 
  

 
 
 

 
 
 0293002

 

   

  
  

  

 
 
 

 

 
WW   
 

  
 
 
 

  

 
  

 

 

 

 
 
 
 

  

 
 

 

 
 

 
 

 

 
 
 

03 13002

032300336.

37. 0323004

38. 0333004

39. 0373012
0373014

41 0373015

42 0373016

43 0373018

 
 

 
  

  

  
 

 

  
 

 

  
 

 

   
 

 

 
 
  
 

  

  
  

 
 

 

 

 
  
  

 

  
  

 
 
   

  
myeloblasts n/a ; patient not transfusion dependent at baseline; received zero units

in 8 weeks; 17 metaphases anal zed for dia; osis
unable to classify MDS subtype; unable to assign lPSS score as baseline

myeloblasts n/a; 6 metaphases analyzed for diagnosis

 
 

 
  
 

  
 

 
0393002
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Reviewer ’5 Comments:

1. For regulatory purposes, the primary analysis of interest is based on those patients who

’ meet the major eligibility criteria. FDA performed an analysis in those patients in the

evaluable population who had a diagnosis ofan [MDS subtype with a 5q deletion

chromosomal abnormality without or with other cytogenetic abnormalities; who had

baseline cytopenias, bone marrow myeloblasts and central karyotype analysis which

were necessary to give a combined IPSS score; whose karyotype analysis was based on

at least 20 banded metaphase spreads; who were either low or intermediate-1 risk

category and who had received 2 2 units ofRBC transfusion in the 8 weeks (56 days)

prior to start ofstudy drug. Excluded were 52 (35.1%) patients. Thus, 96 (64.9%)

patients were considered in the FDA evaluable population analyses.

2. FDA also performed additional analyses in the subgroup ofpatients with isolated 5q

deletion only and in the subgroup ofpatients with deletion 5g + other abnormalities.

Study CC-SOl-MDS-001

Reasons For Exclusions

Sponsor Analysis .

The sponsor excluded two patients who initially were treated with the 10—mg syncopated

regimen from the MITT and EE efficacy analyses because they were found to have a diagnosis

other than MDS (at histologic bone marrow review both were found to have Philadelphia

chromosome— negative CML). Five additional patients (3 in the 25 mg group and 2 in the 10 mg

syncopated dosing group) were excluded from the EB analyses because they failed to complete at

least 1 cycle of therapy. The table below summarizes the patients who were excluded from the

efficacy analyses as submitted by the sponsor.

Table 26 Patients Excluded from Efficacy Analyses (Applicant’s Table)

 
 

 

 
 

 

Lenalidomide

Patient Number Treatment Group
Excluded From MITT and BE Populations

Diagnosis of Philadelphia chromosome—negative chronic
myelcid leukemia (CML).
Diagnosis of Philadelphia chromosome—negative chronic
myelcid leukemia (CML).

  
Reason for Exclusion

  
 

 
 M103elQlSSOd1:998 

10 mg Sync.

 
  

 
  
 

   
 

   
 

  
 

  
 
  

 

not complete 1 of lenalidomide.
.25 mg I Did not complete at least 1 cycle of lenalidomide.

25 mg I Did not complete at least 1 cycle of lenalidomide.
10 mg Sync. Did not complete at least 1 cycle of lenalidomide.
10 mg sync. Did not complete at least 1 cycle of lenalidomide.

Data Source: Listing 16.2.1 and Listing 15.2.4

Source: CC-SOl-MDS-OO] . Table 8
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FDA Analysis

The FDA excluded all patients who did not have a diagnosis of low or intermediate—1 MDS,
who did not have a 5q deletion and who were not transfusion dependent at baseline i.e., did not
receive 2 2 units within 8 weeks.

Table 27 FDA Reasons for Exclusions (Reviewer’s Table)

 
 

 
 

 

 

Reason Patient ID   

 
 

  

102,104,106,108,109,110,111,112,114,115,
116,117,118,120,122,124,125,126,127,129,
130,131,135,137,l38,139,140,141,142,l43,
144,145

111,138,139

 
 
 

Does not have a 5q deletion
[q3 1-33]chromosomal
abnormality 

 

 
 

 

  
 

 
 

 

MDS/FAB subtype RAEB—t or
not MDS

Patient not transfusion

dependent at baseline i.e., did
not receive 2 2 units within 8
weeks

Risk category intermediate—2 or
high risk

 

 

102,106,113,136

 
  
 

 
 

 

 

 

101, 104,106, 111, 114
 
 

FDA excluded 35 (77.8%) patients from the ITT population due to the differences shown below

from the population of interest. Thus 10 (22.2%) patients were the population analyzed for

efficacy in this supportive study.

Table 28 List of Patients and Reasons for Exclusion (Reviewer’s Table)

  
 

Reason for Exclusion

Risk category intermediate-2
Does not have a 5q deletion chromosomal abnormality; not transfusion
deendent at baseline i.e., did not receive 2 2 units within 8 weeks

Risk category intermediate—2

Does not have 3 5q deletion chromosomal abnormality; risk category
intermediate-2; not transfusion dependent at baseline i.e., did not
receive 2 2 units within 8 weeks
Does not have a 5- deletion chromosomal abnonnali

Does not have a Sqdeletion chromosomal abnormality

Does not have a 5_q deletion chromosomal abnormali
MDS subtype RAEB-t; does not have a Sq deletion chromosomal

abnormality; risk cate ory hi h risk

Does not have a 5- deletion chromosomal abnormality
Not transfilsion dependent at baseline i.e., did not receive 2 2 units
within 8 weeks

Does not have a 5q deletion chromosomal abnormality; risk- category
intermediate—2 risk

DOes not have 3 5q deletion chromosomal abnorrnali

Does not have a 5q deletion chromosomal abnormali

Does not have a Sq deletion chromosomal abnormality

Patient ID

101  
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1 18 Does not have a Sq deletion chromosomal abnormali

120 Does not have a Sq deletion chromosomal abnormali

122 Does not have a Sq deletion chromosomal abnormali

124 Does not have a Sq deletion chromosomal abnormality
125 Does not have a S_q deletion chromosomal abnormality

126 Does not have 3 Sq deletion chromosomal abnormality

127 Does not have a S deletion chromosomal abnormality

Does not have fig deletion chromosomal abnormality
 

Does not have 3 Sq deletion chromosomal abnormality
Does not have a Sq deletion chromosomal abnormality

Does not have a fldeletion chromosomal abnormality
Not transfusion dependent at baseline i.e., did not receive 2 2 units
within 8 weeks

Does not have a S- deletion chromosomal abnorrnali

139 Does not have a St deletion chromosomal abnorrnalit

Does not have a S- deletion chromosomal abnorma1i_ty

Does not have a SI deletion chromosomal abnormality '
Does not have a S deletion chromosomal abnomiality

Does not have a S - deletion chromosomal abnormality

Does not have a 59 deletion chromosomal abnormality

145 Does not have a Sq deletion chromosomal abnormality

 

 

  

  
 

 

Reviewer ’s Comment:

1. For regulatory purposes, the primary analysis ofinterest is based on those patients who meet

the major eligibility criteria. FDA includedpatients who had a diagnosis ofan MDS subtype

with a 5g deletion chromosomal abnormality with an IPSS score who were either low or

intermediate—1 risk category and who had received 2 2 units ofRBC transfusion in the 8 weeks

(56 days) prior to start ofstuay drug. Excluded were 35 (77.8%) patients. Thus 10 (22.2%)

patients were considered evaluable.for efiicacy in this supportive study.

Primary Efficacy Endpoint
Study CC-5013—MDS—003

. Primary Efficacy Endpoint: RBC Transfusion Independence

The International Working Group (IWG) Response criteria for MDS includes the major erythroid

response which for RBC transfusion-dependent patients is transfiision independence and for

patients with pretreatment hemoglobin <1 1 g/dL, a greater than 2 g/dL increase in hemoglobin.

The minor erythroid response is a 50% decrease in transfusion requirements and 1—2 g/dL

increase in hemoglobin.The IWG also states that improvements must last at least 2 months in the

absence ofongoing cytotoxic therapy.

In the protocol, RBC transfusion independence was defined to be RBC transfusion independence

(the absence of the intravenous infusion of any RBC transfusion) during any consecutive

“rolling” 56 days during the treatment period, i.e. days 1 to 56, days 2 to S7, days 3 to 58, etc.

Hematologic improvements must last 2 2 months. RBC transfusion independence required I

61



Clinical Review

N21 438041000
Revlimidg/Lenalidomide

patients to be completely transfusion-free and this was considered a major response. A minor

response required 2 50% decrease in RBC transfusions from pre-treatment requirements.

Sponsor’s Analysis

In the ITT population, 95 (64.2%) patients hadachieved RBC— transfusion independence.

Responses were observed both in patients with low- risk (70.9%; 39/ 148) and in patients with

intermediate-1 risk (63.1%; 41/148) MDS and with both the 10-mg continuous (68.0%; 70/103)

and the 10— mg syncopated (55.6%;25/45) dosing regimens. The table below shows the

sponsor’s assessment of the frequency of transfusion independence in the ITT population.

Table 29 RBC Transfusion Independence ITT Population (Applicant’s Table)

AWEARS 1141315)th
0N ORZGIMM ‘
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Il-‘SS Risk

 

Categerm] ,
at Baseline Statistic 19mg Cont. 19mg Sync. Werall

Celerall Number of Subjects 103 45 148
Number Transfusion Independent 70 25 95
% Transfusion Independent 2' 63.12.“! 55.6; i 54.2]

Exact 95% CI [ES-.0, 75.2] [49.0, [TC-.4] [55.9, I13]

LomInt-l Number of Subjects .82 35 1223
Number Transfusion Independent 57 23 8:3
% Transfusion Independent E 59.5; 1 EC 5? i 66.?)
Exact 95% CI [53.4, 79 2] [I3 I, "'5.I.l] [5'7 5, 75.0]

Low Number of Subjects 42 13 55
Nundier Transfusion Independent 23 11 39
% Transfusion Independent '1 66.7} 4. 84.6»; i 70.9)
Exact 95% CI [56.5, 8L4] [54.6, 98.1] [52.1, 82.4]

Int—1 Number of Subjects 40 25 65
Number Transfusion Independent 29 12 41
% Transfusion Independent 72.5] i 48.0; I 63.11
Exact 95% CI [SE-.1, 35.4] i [27.8, 69.2] [50.2, 7 .7]

Int»2+High Number of Subjects 5 1 8
Number Transfusion Independent 3 G 3
% Transfusion Independent 60.0} L 0011 32.5]
Exact 95% CI ' [14.7, 94.7] [9.0, 79.8] [8.5, 75.5]

Int—2 Number of Subjects 4 2 6
Number Transfusion Independent 2 O 2
% Transfusion Independent Stub} 1 620‘.- I 33.3}
React 95% CI I [6.8, 93.2] [90, 84.2] [43, 77.?1

High Number of Subjects 1 2
Number Transfusion Independent 2- 1
% Transfusion Independent €100.03 -, 3.0; i 50.0)
Exact 95% CI [25,160.61 [9.0, 92.5] [1.3, 98.7]

 

' [I] The absence of the intravenous infusion of any REC transfusion during any consecutive rolling 56 days during the treatment period
and an increase in hemoglobin of at least 1 gidL from the minimum during the screening/baseline period to the maximum during the
transfusion-independent period, excluding the first days after the last trarsfusion before the transfusion—free period

[2] IP35 Risk Category: Low {combined score = 0]., Intermediate—I icombined score = .0-5 to 1.03:, Intermediate-2 {combined score = 1.5
to 2.9:}, High {combined score >= 2.5“ Combined score = {Narrow blast score 1' Karyotype score + Cytopeni-a score)

’I:..,. rhym. .... .n- .M. -.. ‘1

Soiirce: cc'lsois—Ivibsi—oos‘, Table '14'.2.1. 1

FDA Analysis

FDA analyzed the primary endpoint of transfusion independence in the ITT population as well as

the evaluable population of 96 patients as defined in the previous sections. FDA also did an

analysis on the low—risk and intermediate—I transfusion dependent MDS patients with an isolated
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deletion of 5q cytogenetic abnormality. FDA agreed with the sponsor’s analysis of the responses

in the ITT population. In the evaluable MDS population with 5q and other deletions consisting

of 96 patients, 61 (63.5%) patients achieved transfusion independence. In the subset of patients

with an isolated 5q deletion consisting of 72 patients, 46 (63.9%) of patients achieved transfusion

independence. The table below summarizes and compares the frequency of RBC transfusion

independence in the various populations analyzed.

Table 30 RBC Transfusion Independence Various Populations (Reviewer’s Table)

 
 

   

% transfusion

independent

Number

transfusion

independent

 
  

 
 
 

 

 
 

 
 

 Population 95% Cl (%) 
  
 

Sponsor/FDA ITT
 
 

 
 
 

 

 
 

  

 
 
 

Overall (N=l48) 95 64.2

10 mg cont (N=103) 70 68.0
10 mg sync (N=45) 25 55.6
 
 

FDA evaluable
 

 

 
 

 
 
 

 
 
 

Overall (N=96) 61 63.5

10 mg cont (N=67) 44 65.7
10m 5 nc (N=29) 17 58.6 

Isolated 5q deletion MDS
Overall (N=72)

10 mg cont (N=53)

10 mg sync (N=l9)

 
  
    
 

Updated Efficacy Data (August 15, 2005)

The sponsor submitted updated efficacy data from study CC-5013—MDS-003 in an amendment

on August 15, 2005. The cut-off date was March 31, 2005. The amendment consisted of seven

datasets and associated tables and listings. '

In the ITT population, patients 0203001, 0233006, 0243015 and 0393003 continued to be

responders. Patient 0273003 was recorded as a responder; however, this patient was never in the

original dataset and was not one of the 148 patients enrolled. It is not clear from where this

patient came from (Cleveland, Ohio). Patient 0243017 was a responder in the original dataset

and is no longer a responder in the updated dataset. The sponsor was queried and sent their

response (dated August 26, 2005) which stated: “Patient 0243 017 transferred to

a different investigational site between the NDS submission

cutoff (original dataset), and the 3 1 Mar 05 cutoff (updated

dataset) . Consequently, the patient was assigned a new patient

number (0273003) at the new site. Therefore, all instances of

patient number 0243017 in the original datasets were replaced

with patient number 0273003 in the updated datasets".

In the updated dataset, FDA agreed with the sponsor’s analysis of the responses in the ITT

population. In the FDA evaluable population with 5q and other deletions consisting of 96
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patients, 64 (66.7%) patients achieved transfusion independence. In the subset of patients with

an isolated Sq deletion consisting of 72 patients, 47 (65.3%) of patients achieved transfusion

independence. In the subset of patients with Sq deletion plus other abnormalities consisting of

24 patients, 16 (66.7%) of patients achieved transfusion independence.The table below

summarizes and compares the frequency of RBC transfusion independence in the various

populations analyzed.

Table 3] RBC Transfusion Independence Various Populations Updated Data (Reviewer’s Table)

  

Population Number % transfusion 95% Cl (%)

transfusion independent

independent
 

Sponsor/FDA lTT
Overall (N=l48) 99 66.9
10 mg cont (N=103) 72 69.9

10 mg sync (N=45) 27 60.0
 

FDA evaluable

Overall (N=96)

10 mg cont (N=67)
- 10 mg sync (N=29)
 

Isolated Sq deletion MDS
Overall (N=72)
10 mg cont (N=53)
10 mg sync (N=l9)
  

Sq + other deletions
Overall (N=24)
10 mg cont (N=l4)

10 mg sync (N=10)
 

 
Reviewer ’s Comments:

1. In MDS, which is a heterogenous disease, single arm studiesusing patients as their own

controls are generally not acceptable. The sponsor definition oftransfusion

independence with a rolling duration as defined here is problematic in an unblinded
study. In an end—of-phase 1 meeting with the sponsor (dated June 6, 2003), FDA

recommended a randomized, controlled trial using an endpoint with a longer duration of
response.

2. The transfusion independence response was consistent in the various populations.

3. The statistical reviewer noted that there was a correlation in the number ofpre-

treatment RBC transfusion and the transfusion response. It is more likelyfor those

patients with less than or equal to 5 pre—treatment transfusions to develop a transfusion

independent response.

4. The 2 dosing regimens were explored by the FDA but the study was not designed or

powered to prospectively compare the eflicacy ofthe two lenalidomide regimens.

65



Clinical Review

N21 -880/l\1000
Revlimid’L/Lenalidomide 

Study CC-SOI-MDS—OO]

Primary Efficacy Endpoint: Response Rate

Sponsor’s Analysis

The sponsor did an analysis of response rate in patients who were transfusion dependent at

baseline. The primary efficacy endpoint was the percentage of patients who had a major or

minor erythroid response, as determined by the criteria in the protocol modified from the IWG

response criteria for MDS. The sponsor identified 10 patients with the following characteristics:

1) a diagnosis oflow or intermediate-l risk MDS 2) a del 5 (q31—33) cytogenetic abnormality of

their MDS clone at baseline and 3) transfiision-dependent anemia at baseline. Of these 10

patients, 7 (70.0%) experienced a major erythroid response (RBC— transfusion independence

associated with an increase in blood Hgb concentration) to lenalidomide treatment. Nine (90%)

of these 10 patients had an isolated del 5 (q3 l— 33) cytogenetic abnormality, and one patient

(Patient 121) had a'trisomy 21 abnormality in addition to the del 5 (q31- 33) cytogenetic

abnormality. Patient 121 was one of the patients who achieved a durable major erythroid

response. The table below summarizes erythroid responses in the patients with a del 5 (q3-l— 33) _
cytogenetic abnormality as submitted by the sponsor.

Table 32 Erythroid Response (Applicant’s Table)

 

  

    
 
  

25mg 10mg 10mg Sync. Overall
IPSS Risk Erythroid n n n n
ategoryIa] Response (i) (%) (%) (%)

at Baseline [h][c] N [Ex. 95% CI] N (Ex. 95% CI] N [Ex. 95% CI] N [Ex. 55%   
 
 

 

  

 

   
     
 

3 3 4
Major 2 3 2 7

' 6 ‘ (100.0) ( 50.0. i 70.0)
[ . [29.2.100.0] [ 5.8. 93 2] [34.8, 93.3]

Minor 0 O O
.- i 0.0} i 0.0) i 0.0)

[ 0.0, 75.8] [ 0.0, 70.8] [ 0.0, 50.2] [ G.
Source .- Tab 7 1 -'; . .2 . .‘r . .3 . ..'«'
[a] IPSS Risk Category: Low (combined score = 0), Intermediate—1 (combined score = 0.5 to

1.0), Intermediate—2 (combined score = 1.5 to 2.01, High (combined score >= 2.5);
Combined Shore = {Marrow blast score + Karyotype score + Cytopenia score)

[b] Major Response: Transfusion—independence for 8 consecutive weeks for patients who
were REC transfusion—dependent at baseline; for patients with a mean pretreatment
hemoglobin {mean 8-week hemoglobin) < 11 g/dL. a > 2 g/dL rise in hemoglobin withouttransfusion.

[c] Minor Response: For transfusion dependent patients, a 50% or greater decrease in
8—week hemoglobin; For patients with a mean pretreatment hemoglobin (mean 8—week
hemoglobin) < 11 g/dL, hemoglobin is sustained 1.0 to 2.0 g/dL above the baseline
value without transfusion. The minor response counts in this table do not include
major responders.

Source: CC-SOl—MDS—OOL Table 14.

FDA Analysis

The table below shows the FDA and sponsor responses in the 10 patients that the FDA found

evaluable for efficacy. This confirmed the sponsor’s response rate of 70.0% (7/ 10) patients in

the evaluable population as shown above. The response rate in the 9 patients with isolated 5 q

deletion was 77.8% (7/9).

66

Adoaelqgssodiseg



Clinical Review

N2 1 —880/l\1000
Revlimidf/Lenalidomide

Table 33 FDA and Sponsor Responses in the Evaluable Population (Reviewer’s Table)

 

FDA assessed

Res - onse

 

 

  

 

 
 

Reviewer 's Comments:

1. The FDA assessment confirmed the sponsor’s assessment that out ofthe 10 patients

evaluablefor eflicacy, 7 (70.0%) patients had a major response. In the 9 patients with

isolated 5 q deletion, response rate was 77.8%. The number ofpatients in the subgroup

ofthe population ofinterest is too small to make any comments or comparisons in this

single-arm trial. The definitions oftransfusion-dependent anemia at baseline were

dijferent in the 2 studies. In CC—501—AlDS—001, transfusion dependent anemia was

defined by requiring at least 4 units ofRBC in the 8 weeks prior to baseline or a baseline

mean hemoglobin < 10.0 g/dL (untransfused). The response criteria were erythroid

response (major or minor) modifiedfiom the IWG criteria. The response rate shown was

in the patients who required at least 2 units RBC at baseline.

2. The 3 dosing regimens cannot be compared as the study was not designed or powered to

prospectively compare the efficacy ofthe lenalidomide regimens and the numbers are too
small.

Secondary Efficacy Endpoints: Duration of Response

Study CC-5013-MDS-003

Sponsor’s Analysis

Duration of response according to the IWG criteria is time to disease progression as per bone

marrow response or progression/relapse following hematologic improvement as per hematologic

improvement as per the IWG response criteria. The response duration was measured by the

sponsor from the last of the consecutive 56 days during which the subject was free of RBC

transfusions to the date of the first RBC transfusion. If the patient who responded had not

received an RBC transfusion at the time of analysis, then duration of response was censored at

the time of last follow—up or September 15, 2004, whichever was earlier.

Of the 95 subjects in the ITT population who achieved RBC transfusion independence, 82

(86.3%) remained transfusion independent, and 13 ( 13.7%) had relapsed (i. e., required a

transfiision after a response) as of the 15 September 2004 data cutoff date. The duration of RBC
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transfusion independence was at least 24 weeks in 70 (73.7%) of the 95 responders in the lTT

population. Three patients (Patients 0233010, 0243005, and 0373035) achieved RBC transfilsion

independence, relapsed, and then once again achieved RBC transfusion independence with

continued therapy.

Table 34 Duration of Transfusion Independence Response lTT Population (Applicant’s Table)

 

 
lcng Cont. 10mg Sync. Overall

Duration of transfusion independence response ineeks: ”1:103? HHS} 5N=149l

liaplan-Meier estimates

‘5‘?
Subjects with Transfusion Independence Response 70 25 95 . (i1

Subjects who progressed (had a transfusion after response; 10 i 14.3} 3 i 12.0} 13 i 13.73 fit

Subjects who maintained transfusion independence {censoredlzlé 66 .5 35.7;- 22 l 68.03 ‘82 -. £6.33 ,7.)

Median NE ME ME 3
95% confidence interval [37.9, NE} NE. ME 22.

Summary statistics 25Mean Ii. . .

sn 0
Median 0
Min, Max -C

<
Duration of response at least 4 weeks
Duration of response at least 3 weeks
Duration of response at least 12 weeks
Duration of response at least 16 weeks
Duration of response at least 2C- weeks
Duration of response at least 2:] weeks

 
 
Reviewer ’3 Comment:

1. The statistical reviewer notes that in the sponsor’s table above, since the baseline time point is

not well defined, the FDA does not consider the KaplanlMeier estimates as a valid methodfor
analysis ofduration ofresponse. '

FDA Analysis of Duration of Transfusion Independence

The sponsor was queried on the method used to calculate the duration of transfusion

independence and whether it was required to have a hemoglobin value drawn on the date

selected. The sponsor stated (Response to FDA request for information, July 8, 2005): “To

calculate the duration of transfusion independence the start
date was defined as the' first date in the beginning of the

transfusion—free period, i . e. , the first day after the day the

last transfusion was given . The end date was defined as the day

before the next transfusion (that represented the end of the

transfusion—free period) was given. It was not required to have
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a hemoglobin value drawn on the date used as the start date of

the transfusion—free period. At least one hemoglobin value

during the transfusion—free period, excluding the first 30 days

following the last pRBC transfusion, was needed to meet the

hemoglobin increase criteria for transfusion independence

response”.

FDA also did an analysis in the 96 patients who were the evaluable population based on

summary statistics. Out of 61 patients who achieved RBC transfusion independence, 54 (88.5%)

remained transfusion independent and 7 (l 1.5%) had relapsed (i.e., required a transfusion after a

response). The median survival time can not be computed based on current data (i.e. not enough

relapse cases). These computations are based on the assumption that we agree with the sponsor

defined response. The statistical reviewer’s summary of duration of transfusion independence

response for the FDA_evaluable population is based on the FDA assessment. The table below

shows the data in the ITT and the FDA evaluable population.

Table 35 Duration of Transfusion Independence Response in Weeks (Reviewer’s Table)

  

 

 

 
 
 

 
 

 
 
 

 Overall 10 mg Cont 10 mg SyncDuration of transfusion

independence in weeks
ITT

Patients_pr0gr_essed
Patients censored

Summary statistic
Mean
SD
Median

Min, Max

  
 

 

  
 
 

 
 

N=95

13 (13.7%)

82 (86.3%)

N= 70 N=25

10 (14.3%) 3 (12.0%)
60 (85.7% 22 (88.0%)

 
  

 
 

  

   
  
  

 

  

 
FDA Evaluable

7(115% Hum 2(118%)

Patients censored 39 (88.6%) 15 (88.2%
Summary statistic

    

 
 
 
 

 

 
  

 

 
 
 

 
 
 
 

Mean 27.8

SD 8.1

Median 28.5

Min, Max . , . . , . . , .

Sq deletion MDS N=46 N=35 N=l]
Patients -_roressed 4 8.7%) 4 (11.4%) 0 (0.0%

Patients censored 3l (88.6%) ll 000.0%)
Summary statistic

Mean
SD -
Median

Min, Max
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Updated Efficacy Data (August 15, 2005)

The sponsor submitted updated efficacy data from study CC-5013—MDS—003 in an amendment

on August 15, 2005. The cut-off date was March 31, 2005. The amendment consisted of seven

datasets and associated tables and listings.

1n the updated data, the median duration of response increased from 30 weeks to 52 weeks in all

the populations analyzed. Relapses from transfiision independent to transfusion dependent

occurred in 32 out of the 99 responders, of which 13 occurred within the treatment period (based

on a window of 14 days post last dosing).

Table 36 Duration of Transfusion Independence Response in Weeks Updated Data (Reviewer’s Table)

  
 

 

 

 Overall  Duration of transfusion 10 mg Cont 10 mg Sync
inde 1 endence in weeks

25 (34.7%) ' 7 (25.9%)

67 (67.7%) 47 (65.3% 20 (74.1%)

Summary statistic '

   
 

 

 
 

    
 

 
 

 

 
 
 

 

 

  
 
 

Mean 45.1 47.3

SD 16.4 23.5
Median 50.9 58.0

 Min, Max 8.1, 74.6 8.1, 72.7

 

 
 

 
  

 
 

  

 
 
 

 
 

 

 
 

 

   

 

 FDA Evaluable N=45 N=l9 .

Patients ro_ressed 18 (28.1%) 13 28.9% 5 (26.3%)

Patients censored 46 (71.9%) . 32 71.1%) 14 (73.7%
 

Summary statistic

 
 
 
 

  

 

 
 

 
 
 

Mean 46.2

SD 18.9
Median 52.3

 

 

 

Min, Max
51 deletion MDS

Patients ro_ressed

Summary statistic
Mean
SD
Median

Min, Max

8.1, 74.6
 

 
 

 
 

 
 

 

10 (21.3%)
37 (78.7%)

 
9 (25.0%) 1 (9.1%)

27 (75.0% 10 90.9% ,
 

 

  
  
  
 

Sensitivity Analyses

The sponsor was requested to perform a sensitivity analysis based on a longer duration of

transfusion independence which they submitted in their response to FDA request for information

(dated August 24, 2005). The table below shows the different sensitivity analyses.
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Table 37 Sensitivity Analyses based on Duration of Transfusion Independence (Applicant’s Table)

 

  

 
Transfusion Independence n (%)

95(64) 89 60

MlTT 57 (61) 53 (56 39 (42
Source: response to FDA request for information (dated August 24, 2005)

Population  

 
  

Reviewer ’5 Comments:

I . The median duration oftransfusion independence was for one year which suggests that it

may be considered to be evidence ofclinical benefit.

2. The sensitivity analyses show that on increasing the requirement ofthe duration of

transfusion independencefrom 56 days to 3 months to 6 months decreases the transfusion

independencefrom 64% to 60% to 4 7%.

3. The statistical reviewer noted that in the sponsor ’s analysis, the duration ofresponse has

been estimated using the Kaplan—Meier procedure. Patients who had not received an

RBC transfusion at the time ofanalysis were censored at the time oflastfollow—up or cut—

ofltime (9/15/2004) whichever was earlier. Since this is a single—arm non-comparative

study, the clinical significance ofthe observed duration oftransfusion independence is in

question. At the time ofcut—off progression occurred in 18/64 patients, giving a median

duration of52 weeks with a range of8 to 75 weeksfor the responders. The median

duration oftransfusion independent response is 35 (range, 0—75) based on the 1TT

population (assuming zero durationfor the non—responders).

4. The updated data submitted increased the median durationfrom 30 to 52 weeks but also

increased the relapses from 13 to 32 patients.

Study CC—501-MDS-001

All responses required that values be sustained above the response threshold for a minimum of 8

consecutive weeks. As of the 05 February 2004 data cutoff date, 2 (22.2%) of the 9 patients with

low- or intermediate—l n'sk MDS and an isolated Sq deletion cytogenetic abnormality who had

achieved a response were still responding to therapy, and 7 (77.8%) had progressed (i.e.,

required a transfitsion after a response). Based on Kaplan—Meier estimates of data available as of

the 05 February 2004 data cutoff date, the median duration of major erythroid response in these 9

patients was 47.4 weeks (95% CI: 38.6, 88.1), ( range, 61.1— 88.1 weeks). The table below

summarizes the Kaplan— Meier estimates of the duration of major erythroid response for this

patient subgroup submitted by the sponsor.
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Table 38 Kaplan-Meier Estimates of Duration (Weeks) of Major Erythroid Response MITT Population
(Applicant’s Table)

 
25mg 10mg 10mg Sync. Overall

Patients with a major erythroid
Response [5]

Patients who progress
maintain a major re .
Patients the maintained a major response {censoredlbll

Median 48 . 40.
95% confidence interval [47.4, . {31.7, NA]

Mean 51.4 46.2 32.0 4616
SD 23.14 18.45 13.85 20.71
Min, Max 47.4, 88.1 31.7, 67.0 16.1, 41.4 16.1, 88.1 

NA, not a aih
Da : 5 Source :  

 
6 14.2.4.3.1

[a] Major Respo : Transfusion—independence for a consecutive weeks for patients who
were RBC transfusion—dependent at baseline; for patients who were not RBC transfusion
dependent at: baseline but had a mean pretreatment: hemoglobin level-(mean 8—week
hemoglobin? c 11 g/dL, a > 2 g/dL rise in hemoglobin without transfusion sustainedfor 2 months. '

[b] Duration of response was censored at the date of last visit for patients; who
maintained transfusion independence.

  

Source: CCvSOl-MDS—OOI. Table 15.

Reviewer ’5 Comment:

The statistical reviewer notes that in the table above, since the baseline time point is not well—

defined, FDA does not consider the Kaplan-Meier analysis as a valid methodfor duration of
response. '

FDA Analysis

The median duration of transfiision independence response in the 7 responders was 41.4 weeks

with a range of 31 to 88 weeks.

Secondary Efficacy Endpoints: Change of Hemoglobin Concentration from Baseline

Study CC—5013-MDS-003

1n the IWG response criteria for MDS, a major erythroid response included for patients with

pretreatment hemoglobin <1 1 g/dL, greater than 2 g/dL increase in hemoglobin and minor

erythroid response included for patients with pretreatment hemoglobin <11 g/dL, a 1-2 g/dL

increase in hemoglobin. '

Sponsor’s Analysis

The sponsor defined a change in hemoglobin based on the minimum hemoglobin value in the 8

week period preceding first dose of study drug for baseline and the maximum hgb value during

the response period, excluding the 30 days after the last transfusion prior to the response period.

The median increase in blood hemoglobin level from baseline to maximum hemoglobin level .

during RBC transfusion independence was 5.2 g/dL (range, 1.1-1 1.4 g/dL) for the 95 responders

in the ITT population. The table below summarizes the change from baseline in hemoglobin for

the patients in the lTT population who became RBC transfusion independent submitted by the

sponsor.

72' ~
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Table 39 Change in Hemoglobin (g/dL) From Baseline to Maximum Value in Transfusion—independent
Responders ITT Population (Applicant’s Table)

 

lfimg Cent. (10:70;- - 10mg Sync. ill=25) _ Overall lN=952 

Stat EL Max Change BL Max Change BL Mar. Change  

Hemoglobin igidL? N ?O '20 7
Mean 7 .E 1'5 .1 R
S 1.01 1.95 1
Median 7.? 13.? 5.

1

L'l N U1

u<><>4r
L.

H u>—' \braw-
\‘n

1:.er.nmMin 5.3 9.2
Max 10.4 15.6 1 . (.1\Jmc:0:m

9
. 5

0.95 LBS 1.
5
l
l1L4 19.6 1..4 Adogamassediseg'

Source: C0503 | —MDS-003, Table 14.2.4.1.

FDA Analysis of Change of Hemoglobin Concentration

FDA found that in 68 (45.9%) patients, the baseline hemoglobin values used by the sponsor to

calculate the change in hemoglobin values did not correspond to the values submitted in Listing
16.2.6.2 leading to lesser changes in blood hemoglobin level from baseline to the maximum

hemoglobin level achieved than that reported by the sponsor. The sponsor was queried on this

discrepancy and replied (Response to FDA request for Information, July 8, 2005): “ To

determine the increase in hemoglobin, the baseline value was

chosen to be the minimum value (using both local and central lab

data) within the 56 -days prior to the first dose date and

including the date of first dose , i . e . , study days — 54 to 1 ,

inclusive” . The sponsor also submitted a by—patient listing identifying the hemoglobin

values used to determine response. FDA used the listing to correlate hemoglobin values with

the sponsor’s and also requested the sponsor to submit the database of the local laboratory values

to be able to validate the data and perform an audit. In their response to FDA request for

information dated July 27, 2005, the sponsor submitted a table compiling the hemoglobin data

and again stated that “for hemoglobin the minimum among central labs and

local labs during the 56 —days' prior to first study drug dosing

was used” . FDA requested the sponsor to submit the database containing the local

laboratory values on which'they have claimed to base their baseline hemoglobin values. Their

response noted that the local hemoglobin data were in 3 different datasets. It is confiising why

they have the local data in different places.

FDA found the median increase in blood hemoglobin level from baseline to maximum

hemoglobin level during RBC transfusion independence was 3.3 g/dL (range, 3.1-9.3 g/dL in the

responders in the ITT population and 5.2 g/dL (range, 1.1—1 1.4 g/dL) for the responders in the

FDA evaluable population. The table below summarizes the change from baseline in

hemoglobin for the patients in the ITT population who became RBC transfusion independent

submitted by the sponsor. The tables below show the percentage of patients with greater than 1
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g/dL change of hemoglobin concentration from baseline in the transfusion independent
responders and the summary statistics.

Table 40 Change of Hemoglobin Concentration from Baseline in Transfusion-Independent Responders
Various Populations (Reviewer’s Table) '

 

 
 

 
 

 

 
 

FDA EvaluableCategory ITT 5 q deletion MDS

  

 
 

  
 

 
 

 

 
 

  
 

N=l48 (”/o) Population N=72 (“/o)

N=96 (%)

Change of mean hemoglobin n=l42 n = 93 n =71
concentration from mean baseline of:

1 unit 101 (71.1%) 68 (73.1%) 52 (73.2%)

95% CI. (62.9%, 78.4%) (62.9%, 81.8%) (61.4%, 83.1%)
 

Table 4] Summary Statistics for Hemoglobin Based on Responders in-the Various Populations (Reviewer’s
Table)

 

  

ITT

BL MAX Chan_e

FDA evaluable Sq deletion MDS

BL MAX Change BL MAX Change

 

  

  

 
 

  
N 61 46 

  

   
 

Mean 5.3 8.2

Sd 2.1 1.4
Median 5.4 8.1
Min —0 8 5.3
 

 
Max
 
 

10.9 13.0
 
BL-baseline

Sensitivity Analyses

FDA requested the sponsor to perform a sensitivity analysis of the change from baseline in Hgb

level by different computations. They responded (dated August 24, 2005) and performed 2

sensitivity analyses and compared to the original dataset as shown in the table below. The

definitions used are given below. '

Sensitivity Analysis 1 (pre mean-post mean): uses the mean Hgbvalue in the 56-day period

preceding first dose of study drug for baseline and the mean Hgb value during the response

period (excluding the 30 days after the last transfiision prior to the response period).

Sensitivity Analysis 2 (pre min—post mean): uses the minimum Hgb in the 56-day period

preceding first dose of study drug for baseline and the mean Hgb value during the response

period (excluding the 30 days after last transfusion prior to the response period).

The table below shows the hemoglobin change based on the different sensitivity analyses.
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Table 42 Sensitivity Analyses of Change from Baseline Hemoglobin Levels in Transfusion Independent
Responders (Applicant’s Table)

 

Analysis Hemoglobin (g/dL) 

 

Median at Median Median at Median

baseline during baseline Change

Response
5 5Ori_inal NDA 7.8 13.3 . 57 7.7 13.6 .

8.7 12.3 . 56 8.6 12.5 3.6
  

——I_7.8 12.2

N=number of transfiision independence responders
Source: Response to FDA request for information. August 24, 2005.

Reviewer ’3 Comments:

1. The lowest hemoglobin value in the 56 days prior to start ofstudy drug was used as the

baseline value and ifthe valuefrom the central laboratory was missing or invalid, then

the local lab value was used in the analysis by the sponsor, potentially leading to bias.

2. The sensitivity analyses show that the sponsor 's analysis based on maximum changefrom
baseline hemoglobin level (minimum in baseline) may be highly biased. The median

changefrom baseline based on the other criteria (pre mean—post mean or pre min—post

mean) results in smaller changes. '

3. Due to the concern that the transfusion independent response is a subjective measure and

the correlation with the hemoglobin level is unclear, the statistical reviewer performed

an analyses to evaluate the correlation ofthe transfusion independent response and the

last hemoglobin level prior to the transfusion independent date. The results show that the

closest post-treatment hemoglobin level (prior to transfusion independent date) the

closest post—treatment hemoglobin level (prior to transfusion independent date)

correlates well with the transfusion independent response. It is more likelyfor patients

with higherpost-treatment hemoglobin level (close to the transfusion independent event)

to develop transfusion independence response.

4. An increase in hemoglobin ofat least 1 g/dL was included in the definition ofthe primary

endpoint in the clinical study report by the sponsor but was not in the protocol or in the

statistical analysis plan. All responding patients had 2 1 g/dL increase in hemoglobin by

sensitivity analysis.

Study CC—SOl—MDS—001

The sponsor submitted the table below for all responders with an isolated 5 q deletion

cytogenetic abnormality which summarizes the change from baseline in Hgb concentration.
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Table 43 Change in Hemoglobin from Baseline to Maximum Value During Response Period (Applicant’s
Table)
 

 

 

25mg {11:3} 10mg (11:3? 10mg 3311:. {11:33 Overall 111:9}

Stat BL Max Change BL Max Change BL Ha}: -.‘hange BL Ma): Change

Hemoglabin {gdeE N 3 3 1 3- : 3 3 9 5
Mean 6.6 1'2.2 <1.':'- 7.5 14.3 6.7 8.1 13.3 ‘1 3.1 11.6 5
SD 0.1? 0.52 0.62 0.95 1.45 2.29 0.32 1.3; 1 S": x 67 1.111 170
Median 0.5 12.9 4.4 7.1 I 14.2 7.2 8.2 1?.5 E l 13.:
Min 5.5 12.9 4.1 7.0 12.9 4.2 7.7 11.? l " " 11.9 7
Mac. 11.3 13.8 5.3 8.7 15.8 8 7 8.3 14.5 h 0 “9 15.0 8 7

  
Source: CC—SOl—MDS—OOl, Table l4.2.5.2.2.

Secondary Efficacy Endpoints: Decrease of > 50% in RBC Transfusion Reguirements

Study CC-5013-MDS-003

The sponsor modified the IWG Response criteria for MDS for a minor response. The sponsor’s

definition of 50% reduction of RBC transfusion requirement overlapped with the transfilsion free

definition (i.e. all transfusions—independent responders had greater than 50% requirement of

RBC transfusion).

Sponsor’s Analysis

In the sponsor’s submission, of the subjects in the ITT population 74.3% (1 10/ 148) achieved a 2

50% decrease in their pretreatment RBC— transfusion requirements (transfusion- reduction

response) during lenalidomide therapy, including 76.4% (42/55) of the patients with low-risk

MDS and 76.9 % (SO/65) of the patients with intermediate-l risk MDS. The table below

summarizes the frequency of patients in the ITT population who achieved a Z 50% decrease in

RBC transfusions as submitted by the sponsor. '

Table 44 Frequency of Patients With 50% or Greater Decrease in RBC Transfusion Requirements lTT
Population (Applicant’s Table)

APPEARS 114.131.54.11!

Oil (311113115111.
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IPSS Risk

  

 

Categorfiz]

at Baseline Statistic 19mg Cont. 16mg Sync. Overall

Overall Number of Subjects 133 45 148
Number of Respondersll] ?9 31 110
% Eesp-anders 76.7] i 66.9)- 74.33
Exact 95% CI [67.3, 84.5] [53.4, 31.3] [65.5, 81.1]

Lou+lnt~1 Number of Subjects 82 33 120
Number of Nespcndersfl] 1-33 29 92

Responders i 75.3] 76.33- ] 2‘61}

Exact 95% CI [66.2, 85.4] [59.8, 38.5] [69.1, 83.9]

Lou Number of Subjects 42 12- 55 0::

Number of Respondersfl] 30 12 » 42 E?)
% Responders { ?1.4l 92.3} i 76.4} -*

E):aCt 95% CI [55.4, 34.3] [54.0, 99.8] [6333, 85.8] ”*3
O0')

Int—1 Number of Subjects 40 25 65 2.

Number of Respendersu] 33 1? 50 9:
Responders -; 32.5;- i 68.0} . '= (i)

Exact 95% CI [67.2, 92.7] [46.5, 85.1] 0
. . ’0

Int-2+H1gh Number of Subjects 5 3 1:)
Number of Respcndersil] 4 0 "<
% Responders . 80.0} , 0.9;-
Exact 9 % CI [29.4, 99.5] [ 0 G. 76.8]

Int-2 Number of Subjects 4 2

Number of Respondersll] 3 I
Responders 75.0,? i 0.0}

Exact 95% CI [19.4, 99.4] [ 0.0, 84.2]

High Number of Subjects 1 1 2
Number of Respondersfl] 1 0 1
‘1 Responders (109.0} 0.9} i 5042-}
Exact 95% CI I 23,106.01 [ 0.6, 37.5] [ 1.3, 95.7]

  

[1] :‘-.t least a 50% reduction in the number of transfusions reflected ever any 55-day rolling period during the study as compared ts
the 56-day peried prior to start of study medication.

[3] IPSS Risk Category: Lou {combined score = 0), Intermediate—l ice-mbined score = 0.5 to 1.02, Intermediate-2 {combined sccre = 1.5

to 4 High eiccmbined scare >= 2 -:,- Combined score = {Narrow blast score + Kama-type score + Cytopenia score)
Program path: 3.Ksasdb‘emidata"-,prd"-,ProjectsiCC-Balm-C-5-313WSW}jprograms‘xtableséresp-50-itt.sas

Source: CC-50l3—MDS—003. Table 14.2.1.4. -
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FDA Analysis

In the FDA analysis, in the patients in the ITT population, 74.3% (1 10/ 148) achieved a 250%

decrease in their pretreatment RBC transfusion requirements (transfusion reduction response)

during lenalidomide therapy. In the FDA evaluable population, 71 (74%) patients and in the

isolated Sq deletion patients 55 (76.4%) patients achieved a 250% decrease in their pretreatment

RBC transfusion requirements. In both populations, the responses overlapped with the patients

who achieved a transfusion independent response. The table below summarizes the frequency of

patients in the ITT and evaluable population who achieved a 250% decrease in RBC
transfusions.

Table 45 Frequency of Patients with Decrease M2 50% in RBC Transfusion Requirements in Different
Populations (Reviewer’s Table)
  

2 50% decrease in % 95% CI (%)
RBC Transfusion

Requirements

  
  

 

  

  
Population 

 
 

 

 

Sponsor/FDA lTT
Overall (N=l48)

10 mg cont (N=103)
10 mg sync (N=45)

 110

79
31

74.3 67, 81
76.7 67, 84

53, 82
  

FDA evaluable

Overall (N=96)

10 mg cont (N=67)
10 mg sync (N=29)

64, 82
63, 84
53, 87
  

Isolated Sq deletion MDS
Overall (N=72)

10 mg cont (N=53)

10 mg sync (N=19)

65, 86
64, 88
49, 91
   

Updated Efficacy Data (August 15, 2005) '

The sponsor submitted updated efficacy data from study CC—5013—MDS—003 in an amendment
on August 15, 2005. The cut-off date was March 31, 2005. The amendment consisted of seven
datasets and associated tables and listings.

Based on the updated datasets, FDA updated the table below which summarizes and compares
the frequency of patients with decrease of 250% in RBC transfusion requirements in various

populations analyzed.
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Table 46 Frequency of Patients with Decrease ofz 50% in RBC Transfusion Requirements in Various
Populations Updated Data (Reviewer’s Table)

 

Population 2 50% decrease in 95% CI (%)
RBC Transfusion

 

 
 

 
 

Re uirements  

Sponsor/FDA lTT
Overall (N=l48)

10 mg cont (N=103)
10 mg sync (N=45)
 

  
 

 

 
 
 

FDA evaluable

Overall (N=96)

10 mg cont (N=67)
l0 mg sync, (N=29)
 

Isolated Sq deletion MDS
Overall (N=72)

10 mg cont (N=53)
10 mg sync (N=l9)

 
 

Reviewer ’5 Comments:

1. The sponsor ’s definition of50% reduction ofRBC transfusion requirement overlapped

with the transfusion—free definition (i. e. all transfusions independent responders had

greater than 50% requirement ofRBC transfusion).

2. There were no minor erythroid responses in the study CC—501—MDS—001.

Secondary Efficacy Endpoints: Platelet ResponseI Neutrophil Responsez Cytogenetic

Response, Bone Marrow Effects, and Changes in Biological Endpoints

Study CC-5013-MDS-003

Sponsor’s Analysis

No major or minor platelet responses were observed among the 16 subjects in the MITT

population who were evaluable for platelet response. The major platelet response rate was 4.0%

(1/25) among the evaluable subjects in the ITT population; none of the evaluable subjects

achieved a minor platelet response. No major or minor platelet responses were observed among

the 17 evaluable subjects in the PP population.

One major neutrophil response was observed amongthe 6 subjects in the MITT population who

were evaluable for neutrophil response; no minor neutrophil responses were observed.

As of the 15 September 2004 data cutoff date, 22 (32.4%) major cytogenetic responses and 22

(32.4%) minor cytogenetic responses had been observed among the 68 subjects in the MITT

population who were evaluable for cytogenetic response. In the ITT population, major

cytogenetic responses were observed in 41.4% (46/ l l l) and minor cytogenetic responses were

observed in 26.1% (29/ l 1 1) of the subjects who were evaluable for cytogenetic response. The
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major cytogenetic response rate was 40.9% (26/ 88 evaluable subjects) and the minor cytogenetic

response rate was 27.3% (28/88 evaluable subjects) in the PP population.

The table below summarizes the platelet, neutrophil and cytogenetic responses in the ITT
population.

Table 47 Secondary Efficacy Endpoint Responses ITT Population (Applicant’s Table)

 

 

 

 

 

10mg Cont. 13mg Sync. Overall

Secondary Response
Efficacy Category H K N
Endpoint [1] [2] n (2} [Ex. 95% CI] [2] n ’%i [E1. 95% CI] [2] n '%I [Ex. 95% CI

Platelet Response Major 14 1 . 7 1: l 0.2, J) 3] 11 35 1 E 4. 0.1, 20.4
Minor G { 0.0} l 0.0, 23.2] 0 i 0 0.0, 13.7
None 13 " 92.9] 24 1 96.

Neutrophil Response Major 9 l i 11.1} [ 0 , 48. 4 :3 1 i .7, 36.0
Minor 0- i 0.0] [0.9 33.6] C i , 24.7]
None . B 5 83.9} 2

Cytagenetic Response Major 73 32 i 41.0} [30 3, 52.7] 33 111 4E i E [32.2, 51.2
Minor 21 26.9] [17.5, 38.2 29 i [18.2, 35.3]
None 25 32.1] [21.9, 43.6] RE i 34,"! [23.9, 42.0]

  
  

[1] See Appendix I 0f the pro:ecol for the definitions of the response criteria.
[2] Number of subjects evaluable for response. For platelet response, the patient must have a baseline platelet count zlfifl sle‘EfL to be

included in the analysis. For neutrophil response, the patient is required to have a baseline ENC <1 xlfi‘9/L. For cytogenetic
respense, only subjects with both a baseline and post-baseline evaluation of abnormal metaphases are included in the analysis.

Program -ath: \Esasdbvnldata\ rd\Fro'ects\CC-5013\CC-5013>HDS-093lprogramsfitables\secres .sasP P J Pma... mm»--. n hnr-r. r.».. .1..»., «warms/an: n-a may...» Arm. nannr‘nr.hx «,1:

Protocol CC-5013-MDS-003, Table [4.2.6.l.

FDA Analyses of Secondary Endpoints

Platelet and Neutrophil Response

There were 14 patients eligible for a platelet response in the FDA evaluable population and 82

patients were not eligible for a response. The one patient counted by the sponsor to have a

platelet response (0053002) is not considered evaluable for efficacy by the FDA. Thus there

were no platelet responses, majOr or minor, in the FDA analysis.

There were 6 patients eligible for a neutrophil response in the FDA evaluable population; 90

patients were not eligible. One patient had a major response while 5 patients had no response.

The table below shows the FDA analyses results of the platelet response and neutrophil response
in the evaluable population.
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Table 48 Platelet and Neutrophil Responses in Evaluable Population (Reviewer’s Table)

  

FDA Evaluable 95 % Cl

N=96 (%)

0 (0.0) [0, 3.8]

 
  

Category  

Platelet response  

   
 

 

    

major [0, 3.8]
minor [0, 3.8]

Neutrophil response 1 (1.0) [0, 5.7]

major 1 (1.0) ' [0, 5.7]
minor 0 (0.0) [0, 3.8]

Cytogenetic Response

Cytogenetic response was evaluated using IWG criteria which specified at least 20 metaphases

be analyzed for cytogenetic response. The table below summarizes the criteria for cytogenetic

response in patients with MDS.

Table 49 Criteria for Cytogenic Response in Patients With Myelodysplastic Syndrome (Applicant’s Table)

 

Outcome Criteria

 Major Response 0 No detectable cytogenetic abnormality if preexisting abnormality was present  
Minor Response 0 350% reduction in percent of abnormal metaphases at l or more evaluations 

Note: The assessment of cytogenetic response requires 20 analyzable metaphases rt‘ conventional cytogenetic techniques are used:
fluorescent in sitn hybridization (FISH) may be used as a supplement to follow a specifically defined cpogenetic abnonnality.

Protocol CC-5013-MDS-003 Table 9.

In their initial application, the sponsor analyzed patients who had less than 20 metaphases

analysed. The sponsor was queried and they stated (response to FDA request for information,

August 9, 2005) that: “the cytogenetic analys is submitted did consider

all patients for whom fol low—up cytogenetic data were available ,

including data from karyotype analyses in which fewer than 20

metaphases were analyzed” . Based on the FDA query, the sponsor analyzed patients

who had at least 20 analyzable metaphases at baseline and at least 1 post-baseline visit and

found 72 patients in the ITT population were evaluable for major and minor cytogenetic response

and submitted the following responses: '

o 32/72 (44%) major response

0 21/72 (29%) minor response

In the FDA review, out of 148 patients, 26 patients did not have at least 20 metaphases analyzed
for the diagnosis and 22 patients did not have 20 analyzable metaphases for follow—up of

cytogenetic responses. All 148 patients had at least one karyotypic analysis done for

cytogenetics and 111 patients had 2 karyotypic analyses done in 2 visits. An MDS clone with

the 5q deletion associated with additional cytogenetic abnormalitieswas seen in l 10 (74.3 %)

patients and 38 (25.7 %) patients had isolated 5 q deletion cytogenetic abnormality only. The
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additional cytogenetic abnormalities included abnormalities of chromosome 7 in 4 patients,

intermediate prognostic cytogenetic abnormalities in 32 and —Y chromosomal abnormalities in 2

patients. Complex chromosomes were seen in 5 (5.1% ) patients. The table below shows the

patients without at least 20 analyzable metaphases at diagnosis and follow—up.

Table 50 Patients with Analyzable Metaphases (Reviewer’s Table)

 

 Meta - hases Anal zed 
  

  0073001,0073004,0083001,0083003,0093003,0143002,

0223002,0233002,0233003,0233005,0233009,0233010,
0243006,0243013,0273001,0293002,0293004,029301L

0303001,0303003,0373012,03730l6,0373019,037302l,
0373026,0393001 .

0023002,0083001,0083003,0ll3004,01l3009,0163001,
0223004,0233001,0233006,0243006,0243007,02430095

0243012,0313004,03l3005,0333005,0373008,0373015,
0373016,0373020,0373025,0373029

< 20 metaphases analyzed at diagnosis 

 
 
 

 
 

 < 20 metaphases analyzed at follow-up 

 
 

 

  

FDA conducted the cytogenetic response analysis in those patients who had at least 20

metaphases analyzed at diagnosis as well as during follow—up. The karyotypic abnormalities

were defined by the presence of at least two abnormal cells in metaphase. There were 58

patients in the FDA evaluable population who had karyotypic analysis done on 2 visits. There

were 26 (44.8%) major and 17 (29.3%) minor cytogenetic responses observed among the 58

patients in the FDA evaluable population who were evaluable for cytogenetic response. The

major cytogenetic response rate was 40/46 (43.5%) in the population with MDS with isolated 5q

deletion and 6/12 (50%) in the population with 5q deletion + additional abnormalities.

Updated Cytogenetic Response (August 15, 2005)

The table below shows the updated cytogenetic responses in the various populations. A major

cytogenetic response was seen in 43% patients.

Table 51 Comparison of Cytogenetic Response in Different Populations Updated data (Reviewer’s Table)

 
 

 95% Cl 
 

 
 

 
  

 

 

 Minor Response 95% CI

(%)

Major Response

(%)

Population
Evaluable Number

C togenetic Response
ITT (N=120)

  

  
 

  
  

 

  
 

 
52 (43.3) [34.3, 52.7] 30 (25.0) [17.6, 33.7]

82

 
 

  FDA evaluable (N=58) 26 (44.8) [3l.7, 58.5]

  

 

 

 Isolated 5q deletion 20 (43.5) [28.9, 58.9]

  
 

Sq + other deletions 6 (50.0)
(N=l2)  
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The sponsor was requested to perform analyses in both the ITT and MITT population showing

the transfusion independence response at 8 weeks by cytogenetic category (isolated del Sq vs. del

5q plus other abnormalities) and responded on September 15, 2005 as shown below. The ITT

population, N=l44, ’excluded 4 patients whose diagnosis upon study entry was not MDS

according to central review.

Table 52 Transfusion Independence by Cytogenetic Category (Applicant’s Table)

 

C toenetic Complexity Tn/N %
[TT(N=144) '
Isolated 5- 76/108

Unknown (FISH) 0/1 0

Isolated 5q— 48/74
5--+iabn 8/15

Source: Response to FDA request for information, September 15, 2005.

 

 
  

 

 

 
 
 

  
  
  

Reviewer ’5 Comment:

1. In the protocol the IWG criteria specified that 20 metaphases were requiredfor a

cytogenetic response. Interphase FISH without conventional cytogenetics was usedfor

response. Interphase FISH may be insufficientfor the diagnosis of5q deletion; although

deletion of5a may be confirmed, other abnormalities would not have been ruled out. The

FDA analyses ofcytogenetic response was done in those patients who had at least 20

metaphases analyzed on diagnosis and onfollow—up.

2. Cytogenetic responses were consistent in the various populations.

REC—Transfusion Independence by Baseline Cytogenetic Findings

Sponsor’s Analysis _

The sponsor reported that 74 (67.3%) of the 110 subjects with an isolated del Sq abnormality and

21 (56.8%) of the 37 subjects with a del 5q abnormality and an additional cytogenetic

abnormality achieved RBC transfusion independence. The sponsor also reportedthat among the

75 patients with a cytogenetic response and the 3 cytogenetic non—responders who achieved a

complete resolution of the del 5q abnormality (11:78), 74 (94.9%) also achieved REC—transfusion

independence. Eleven (33.3%) of 33 patients who did not experience either a cytogenetic

response or a resolution of the del Sq abnormality in the absence of a cytogenetic response

achieved RBC transfusion independence. The rates of RBC transfusion independence were

similar between major cytogenetic responders (95.7%; 44/46) and minor cytogenetic responders

(93.1%; 27/29).

FDA Analysis

In the evaluable patients, FDA found that 23 (95.8 %) of the 24 patients with a Sq deletion

abnormality with additional cytogenetic abnormalities (and who also had major cytogenetic
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response) achieved REC—transfusion independence. The rates of REC-transfusion independence ‘
in the major cytogenetic responders was 23/24 (95.8 %) and in the minor cytogenetic responders
was 18/19 (94.7 %).

Reviewer ’5 Comment:

This was to evaluate the association ofcytogenetic response with RBC transfusion independence

Bone Marrow Effects

Sponsor’s Analysis

At least 1 bone marrow specimen was sent to central review for 147 (99.3%) of the 148 patients
who were enrolled in the study (ITT population). Among the 81 subjects with available follow-
up bone marrow aspirate specimens, the follow-up bone marrow aspirates from 27 (33.3%)
subjects were assessed by the central reviewer to have no evidence of MDS (morphologic and
pathologic complete remission).

Reviewer ’3 Comment:

This data was not well documented in the submission. The definition ofa CR as per the IWG
criteria included normalization ofthe bone marrow as well as the peripheral blood counts.

Study CC-SOl-MDS-001

The secondary endpoints were platelet response, neutrophil response, cytogenetic response, and
bone marrow response, as assessed by the MDS IWG criteria, and changes in biological
endpoints, including bone marrow apoptotic index, microvessel density, plasma TNF—a and
VEGF concentrations and progenitor colony—forming capacity.

Ten patients in the ITT population were RBC— transfusion dependent and had a diagnosis of low
or intermediate-l risk MDS with a del (5q31~33) cytogenetic abnormality at baseline. One

patient was evaluable for platelet response; this patient achieved a major platelet response during
lenalidomide therapy. Two patients were evaluable for neutrophil response; 1 of the 2 patients
achieved a major neutrophil response. Major cytogenetic responses were observed in 9 (90%) of
10 patients who were evaluable for cytogenetic response. Two of the 9 patients with major
cytogenetic responses did not achieve an erythroid response (Patients 103 and 133). Complete
histologic remission was observed in 2 (33.3%) of the 6 patients who were evaluable for bone
marrow response. The sponsor submitted the table shown below which summarizes the results

of the secondary endpoints. FDA agrees with the sponsor’s analysis.

Table 53 Secondary Efficacy Endpoint Responses (Applicant’s Table)

APPEARS T1113 WAY

0N GRlQliltfil.
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10mg 10mg Sync. Overall
(11:3) (N'=4) (11:10)

econdary Nla] / n n n
Efficacy Response (%) (%) (%l
Endpoint Category . [Ex.95% CI] [Ex.95% CI] [Ex.95% CI]
'latelet Response

 

Ieutrophil Response

one Marrow Response N[a]
Complete

Partial

Dis. Prog.

AML Trans.

togenetic Response

(100. G)
[29.2,100u

Ll

( ‘10.)
[ 0.0, 70.

 
:-..LSource: Tab; e :4. 2 ..

[a] Number of evalu:ble patients for the efficacy endpoint.
Source: CC»50l—M DS—OO, Table 20.

Bone Marrow Effects

Complete histologic remission was observed in 2 (33.3%) of the 6 patients who were evaluable

for bone marrow response bases on the listings submitted.

Changes in Biological Endpoints

Plasma and serum biomarkers evaluations were performed at the screening/baseline visit; at

study Weeks 8, 16, 40, and 52; every 6 months after Week 52; and at treatment

discontinuation. Plasma and serum biomarkers were evaluated using monoclonal lgG2a
antibodies (provided by ., .3. that recognize either the

CD3 (PSI clone) or CD20 (L26 clone) antigens, and the data were analyzed by Dr. Alan
List’ 5 laboratory at the Arizona Cancer Center.

As per the study report, the analysis of these data showed that lenalidomide treatment had no

effect on peripheral blood plasma or serum biomarkers. However, decreases in VEGF and FGF

levels in the bone marrow plasma of major erythroid responders were noted. In addition,

normalization of in vitro colony growth of bone marrow erythroid and myeloidprogenitor cells

was observed in patients who achieved lenalidomide-induced major erythroid responses.
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These serum and plasma biomarker data were not captured on Celgene CRFs, are not in the
Celgene database, and were not summarized in this report.

Reviewer ’3 Comments:

1. The bone marrow eflects could not be validated in the datasets submitted. Moreover, the
definition ofa CR as per the 1 WG criteria included normalization ofthe bone marrow as
well as the peripheral blood counts.

2. A secondary objective ofthis study was an evaluation ofthe relationship between a
hematologic response to lenalidomide and changes in biological endpoints, including
bone marrow apoptotic index, microvessel density, plasma TNF-a and VEGF
concentrations, andprogenitor colony—forming capacity. However, these serum and
plasma biomarker data were not captured on the CRFS, are not in the database, and
were not summarized in this report.

Time to Response

Study CC-5013-MDS-003

Time to response was not an endpoint in the study. FDA did not review the findings. In the
sponsor’s analysis, the median time to RBC transfusion independence in the ITT population was
4.1 weeks (95% CI: 3.4, 5.3; range, 03—19.] weeks).

Table 54 Time (Weeks) to RBC Transfusion Independence ITT Population (Applicant’s Table)

 

 

10mg Cont. 10mg Syn-c. Overall
{N21032 {N315} {ll=l48}

Time to transfusion independence tweaks}
Number of subjects 70 25 95

Median 4.5- 3.6 1.1

9 % Confidence Interval {3.5, 5.3] [2.3, 91] [3.4, 5.3]

Mean 5.:- 5.1 5.0
SD 4.9-8 5.0-1 4.3-3

Min, Max 6.3, 19.1 0.3, 13.9 0.3, 1.1

Source: CC-50l3-MDS-OO3, Table 14.2.2.1
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Study CC—501-MDS-001

The median time to major erythroid response in the 9 responders who had a diagnosis of low or
intermediate-1 risk MDS with an isolated Sq deletion cytogenetic abnormality (both transfusion
dependent and independent at baseline) was 8.3 weeks (95% CI: 5.6, 1 1-1), (range, 2.3— 40
weeks) (see Table 14.2.3.2). .

Reviewer 's Comment: . _
The time to RBC transfusion independence is based on responders only, therefore no censoring
is involved. The FDA does not agree with the “time to event " analysis based on the responders
only.

6.1.5 Clinical Microbiology

Not Applicable

6.1.6 Efficacy Conclusions

The efficacy database consisted of two single—arrn, open label, Phase 2 clinical studies, CC—5013-
MDS—003 and CC—SOl—MDS—OOI.

In study CC—5013—MDS-003, there were 148 patients enrolled. The primary efficacy endpoint
was transfirsion independence, defined as the absence of any RBC transfiJsion during any
consecutive “rolling” 56 days during the treatment period, i.e., days 1 to 56, days 2 to 57, days 3
to 58 etc. FDA analyses of data were done on patients with low or intermediate—1 risk MDS

associated with 5q (q31—33) deletion with or without additional cytogenetic abnormalities who
had transfusion—dependent anemia at baseline. The critical eligibility criteria were met by 96
patients for response evaluation for transfusion independence. TransfusiOn independence, which
included at least a1 'g/dL increase in hemoglobin values, was seen in 67% patients with 95% CI
of 56% to 76%. These responses lasted for a minimum of 8 weeks. The median duration was 52

weeks. These responses were accompanied by cytogenetic responses in 43% patients. These
responses were not accompanied by any platelet or neutrophil response.

Study CC—5013-MDS—001 had 45 patients enrolled, of which 10 evaluable patients had a low or
_ intermediate—1 risk MDS with transfusiOn dependence and Sq 31—33 deletion. Transfusion

independence was seen in 70% with 95% CI of 35% and 93%. The median duration of erythroid
response was 47 weeks with 95% CI of 33 to 88 weeks.
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7 INTEGRATED REVIEW OF SAFETY

7.1 Methods and Findings

In this review, adverse event data will be presented for the MDS—003 trial, they key trial for the
intended population (Sq deletion syndrome), for the MDS—002 trial, the trial in the MDS
population for which lenalidomide is n_ot intended (Sq deletion patients were excluded), and the
composite data for all three trials. Any substantive differences in the adverse event data between
the MDS—003 trial and the MDS-002 trial will be described.

7.1.1 Deaths

According to the submission, the frequency of on—study deaths was 6.9% in the three MDS
studies. The sponsor states that this frequency is typical for the low and INT—1 risk MDS

population, according to Greenberg et al. publication defining IPSS (1997). There were 28 on-
study deaths (either during the study or within 30 days after the last visit date) in 408 subjects. In
addition, four deaths were reported more than 30 days after the subject completed the last study
visit. The 120—Day Safety Update contains narratives of a total of 42 deaths.

Sponsor’s Table 8 (Summary of Clinical Safety), shown below, summarizes the 32 deaths in the

three MDS studies. Reviewer’s evaluations, based on case narratives in the original submission
and in the lZO—Day Safety Update, follow.

WEE”? Iii-is WAY
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Table 3. Deaths in liDS Studies (BIDS-001, 311133—003= and KIDS—003) 

 

Subject AgEIGendez Initial Date of Date of
Na. IQSS Saore Regimen Last Dose Dea:h Cause Related
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Table 8. Deaths in MDS Snuiies (KIDS—DUI, KIDS—092., and KIDS-003)
(continued)
 

Subject Age/Gender Initial Date of Date of
Ho. IP55 Score Regimen Last Bose Death
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l he Reviewer’s assessments and comments on the above cases followin reviews of the
7

patient’s narratives, are shown in Reviewer’s lables below.

Table 55 Review Assessments and Comments on Deaths in MDS—001 (Reviewer’s Table)

 

 
 
 
 
 
 
 

 
 

 
 

 

 

 
 

 
 

 

 
 
 

 
 

Relationship to

Drug
‘ Sponsor: None.
Reviewer: Probable.

Most likely the patient

died from pneumonia

in the setting of drug-

induced neutropenia.
Sponsor: None.
Reviewer: Probable as

a result of drug-

induced pancytopenia

and sepsis.
Sponsor: None.

Reviewer: Yes. Drug—
induced

thrombocytopenia and
s lenic bleed.

Subject Comments
Number

001 108 Received 25 mg for 51 days, when drug was stopped because of

neutropenia and thrombocytopenia. Two weeks later, when still leukopenic,
had a strep throat. Upon recovery patient was restarted at 10 mg. After 7
weeks hospitalized with pneumonia. WBC not stated. Drug discontinued
one week later and patient died 16 days later from “multiorgan, failure."

 

 

001 1 13 Received 25 mg for 9 days. Pancytopenia, consumption coagulopathy,
renal and respiratory failure. ANC, platelet count not stated. Sepsis and
“multiorgan failure."

 

001 134 Received 10 mg for 6 days. l-Iad splenomegaly before start of therapy. CT -
Splenic infarction and subcapsular bleeding. Platelets decreased from

65,000 to 10,000 despite transfusions. Died 6 days later. Investigator:
progression of splenomegaly with splenic infarction.
 

Table 56 Reviewer’s Assessments and Comments on Deaths in MDS—002 (Reviewer’s Table)

 

 
 
 

 
 
 

 
 
 

 

 
 
 

 

Comments Relationship to

Bag
Yes, drug—related

neutropenia.

Relationship to death —
unknown.

Subject
Number

0022001

 

 
 

 
 

 
 

 

 
 
 
 

 

Narrative does not state that the patient died (54 days after the last dose of

lenalidomide). Developed grade 4 neutropenia 45 days after start of Rx,
drug dose reduced twice, and after 156 days of treatment lenalidomide was

discontinued because of continuing neutropenia. Improvement of anemia

not described. Patients other medical problems were arthritis, fatigue and
renal failure. Cause of death unknown.

MDS and angiodysplasia with GI bleeding. On drug 15 days; bleeding
started on Day 3.

MDS with thrombocytopenia before lenalidomide. On drug 27 days.
Perforated bowel and septic shock.
On drug 51 days. Dose reduced once. Cardiogenic shock.

 
 
 

 

 

 

0042003 Sponsor & Reviewer:
None.

Sponsor & Reviewer:
None.

Sponsor & Reviewer:
None.

Reviewer: Probably
untreated anemia due
to MDS.

  
0052001

 
009200 1

 

0102005 Not listed in sponsor’s table. Hospitalized for extreme weakness. No

improvement in anemia. Hgb 5.0 g/dL. Drug discontinued after treatment

for 108 days. Not transfused, because of difficulties in finding matching
blood. Transferred to hospice care, date of death unknown. Other medical

roblems CVA, insomnia, hypertension.

After 54 days of treatment, Gr.1 rash and Gr. 3 thrombocytopenia. Drug
d/c’d. AML diagliosed 72 days later. Cardio-flmonarflrrest.
Afier 12 days of treatment grade 4 thrombocytopenia; drug d/c’d 8 days
later. Hyperbilirubinemia (cause unknown). AML dx’d 20 days after

discontinuance of drug. Thrombocytopenia continued until death 22 days
after drug d/c’d.

 

01 12004 Sponsor & Reviewer:
None.

Sponsor & Reviewer:
None.

  
01 12005
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0122003 Drug (10 mg, then 5 mg) for 45 days. Post-obstructive pneumonia
(probable tumorL

0122005 Total treatment 69 days with 2 dose reductions because of grade 3

Sponsor & Reviewer:
None.

Sponsor: MDS and 2m

 

 

 
 
 

 
 

 
 

 

 

 
 
 

 

 thrombocflopenia. Thrombocytopenia (grade 3) first diagnosed 14 days GI bleeding.
after drug was started. Drug dc’d because of diarrhea and nausea. One Reviewer: Probable

month after the drug was dc’d patient was hospitalized with grade 4 drug probably
contributed to

pancytopenia, 2ry
bleeding, sepsis, and
consumptive

coagulopathy.
Sponsor: Unknown.

refractory thrombocflopenia, grade 4 anemia, grade 4 neutropenia

(neutropenia not listed), subarachnoid & subdural hemorrhage, GI bleeding,
and consumptive coagulopathy.

 

0152002 One 21—day course of 10 mg. Twelve days after start noted neutropenia (not
listed). Died 2 months after the. last dose. Disease progression not listed in
the narrative. Death not described, cause unknown.

0152008 Not listed in sponsor’s table. Developed grade 4 neutropenia after 10 days
of 10 mg lenalidomide. Neutropenia was ongoing >3.5 months after

discontinuation of the dg, whement died. Cause of death unknown.
0152009 End—stage liver disease possibly due to alcoholic hepatitis, etc.

0252002. Not listed in sponsor’s table. 10 mg on 21/28 day schedule reduced to 5 mg

 

Sponsor: Unknown.

 

Sponsor & Reviewer:
None.

Sponsor & Reviewer:
Possible.

 

qd for 131 days. Ongoing diverticulitis throughout the course of treatment.
Cause of death (not stated in the narrative) 2 months after the last dose.

Pancytopenic when drug discontinued

0252003 Not listed in sponsor’s table. Death not described in the narrative. 10 mg
for 21 days. Coombs-pos. hemolytic anemia. Drug d/c’d because of

 

Sponsor & Reviewer:
Unknown.

 

elevated ALT. Date or cause of death not stated.

0252014 Not listed in sponsor’s table. Drug dose reduced once. Developed AML and
died 77 days after the last dose.

0262008 Received 10 mg daily for l l 1 days. Benefit not described. Grade 4

pancmnia and uroseptic shock 20 _d_ays after last dose.
0292004 Received 10 mg daily for 14 days. Platelets decreased from 62,000 to

19,000 after 8 days and to 9,000 after 14 days of therapy, together with a

decrease in WBC from 4,700 to 2,000. Generalized rash. Pancytopenia
continued; WBC 500, platelets 7,000, Hgb. 8.5. Subdural hematoma after

fall. Renal and hepatic failure. Died 17 daysfler last dose.
0312004 Received 10 mg, then 5 mg for 129 days. Died of atypical pneumonia and

respiratory failure in the setting of COPD. No counts. No evidence of
benefit.

0322001 Received drug for 42 days with one dose reduction. Grade 2 rash after 5

days, grade 3 thrombocytopenia after 13 days. Continuing anemia and

  

Sponsor & Reviewer:
None.

Sponsor and Reviewer:
Yes '

Reviewer: Yes drug
most likely contributed

to pancytopenia and
bleed.

Sponsor: Yes.
Reviewer: Possible,
insufficient
information.

S onsor: None.
Reviewer: Yes

  

  

 

  

  

 

  
grade 4 thrombocytopenia. Died of pneumonia, plural effusion, CHF. aggravation of MDS

bLthe drug.

0342002 Received drug for 49 days. Thrombocytopenia and neutropenia 20 days Sponsor: Yes.
after start of medication and continuing until death 6.5 months afier start of Reviewer: Possible,
medication. Cause of death unknown. insufficient

information.  

0362005 Received drug for 84 days with one dose reduction. Pancytopenic 39 days
after start of the drug, subsequent values not described. Fatigue,
cardiomyopathy, cardiac insufficiency, renal insufficiency, CHF,
hypotension. Died 46 days after drug stopped. No evidence of benefit from
the dru .

Sponsor & Reviewer:
None.
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Table 57 Reviewer’s Assessments and Comments on Deaths in MDS-003 (including 120—day Safety Update)
(Reviewer’s Table)

  

Subject Comments Relationship to Drug
Number   
 
 
 

 

0023001

 Treatment for 15 days with 10 mg, when grade 3 fiJll body rash, fever,
urticarial edema. Full transfusion independence response. Died 14 weeks
after dru_g_ d/c’d from metastatic lung_C_A.

Sponsor & Reviewer:
None. 
 

 
 

 
 

 
 
 

 

 

 
 

 

 
 

 
 
 
 

 
 

0073001 Safety Update: Treated for 289 days with two dose reductions for grade 4
neutropenia. From transfusion-dependency became independent after 3

months of treatment. Treatment dc’d due to grade 3 thrombocytopenia,
which did not recover after stopping treatment. Became anemic. Six
weeks after stopping treatment was diagnosed with AML and died 1 1
da 5 later. -

Treated for 147 days with two dose reductions and 2 dose delays. No

Sponsor: Yes, AML
related to dru .

Reviewer: None.

  

 
01 13003 Sponsor & Reviewer:

neutgpenia. Died .(Epneumonia, CHF. None.

0163001 Treated‘for 43 days with one dose reduction and one dose delay. Grade 4 Sponsor: None.
thrombocytopenia and grade 1 neutropenia after 8 days of therapy Reviewer: None.
(platelets 86,000 at baseline to 5,000, neutrophils from 1,600 to 1,150).
Febrile neutropenia due to pneumonia and sepsis led to d/c of the drug.
Drug restarted for 10 days, then dc’d because of continuing grade 4
thrombocytopenia. Neutropenia improved, but thrombocytopenia never
resolved. Died 43 days later (> 30 days after drug dc’d) with AML and
neumonia.

Treated for 79 days. Grade 4 neutropenia (not listed), sepsis, pneumonia,

  

0233008 Sponsor & Reviewer:
Yes ancytopfliia. _

Treated for 21 days. Reason for drug discontinuation not given, but grade
3 thrombocytopenia was found some time later. Eleven weeks after drug
discontinuation hospitalized with sepsis, thrombocytopenia induced
hemorrhage, coagulopathy. Death due to multiorgan failure due to

thrombocytopenia—induced hemorrhage. Suspected progression of MDS,
but not proven. '

 
 
 
 
 

 

 
 
 

 

 

Sponsor: None.
Reviewer: Probable.

Sepsis (probably due to

unstated neutropenia),
consumption
coagulopathy, and

bleeding 2ry to

thrombocytflria.

0243010

 

 
 
 

 

 
 
 
 

  

  
  

 

 
 

 

 

 
 

 
 

 
 

0293002 Safety Update: Treatment for «14 days. Grade 4 pancytopenia 11 days Sponsor & Reviewer:
after start of treatment. Splenomegaly without infarct or bleed. None. (probably had
Pneumonias 7 months and 8 months after drug dc’d. Sepsis 10 months lymphoma in addition to
after drug dc’d. Abdominal pain due to Splenomegaly 10.5 months and MDS)
11.5 months after drug dc’d. Disease progression suspected. Died after

the first week of chemotherapy (reason for and type unknown) 10 days
later. _

0293011 Treated for 75 days with one dose reduction and one dose delay. 14 days Sponsor & Reviewer:
after start of treatment developed pneumonia and grade 4 neutropenia. None.

. Died of hepatitis B and CHF.

0303003 Treated for 324 days (21/28 regimen). Developed ischemic colitis, then Sponsor & Reviewer:
cardiac and respiratory failure and death. Hgb 7.4, normal WBC and None.

latelets.

0323002 Treatment for 20 days, discontinued because of grade 4 neutropenia and Sponsor & Reviewer:
platelets of 16,000; grade 3 sepsis, pneumonia, pancytopenia (WBC 300, Yes

latelets 10,000). CBC_pn'or to dmg Rx not stated-

0323004 Treatment for 64 days, one dose reduction and one drug delay. 12 days Sponsor & Reviewer:
after start had grade 4 neutropenia and peri—rectal abscess. Recovered None.

from neutropenia and abscess. Treatment restarted at lower dose; CBC at
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accep_table levels. Sudden death while on treatment. 

 

 

  

 

 

 

0333001 Treated for 73 days (21/28 regimen). 19 days after last dose, fell, struck Sponsor: None.
her head and had a grade 4 subarachnoid hemorrhage and temporal lobe Reviewer: Yes
hemorrhage. Platelets 23,000 (grade 3 thrombocytopenia), down from (intraeranial bleeding
76,000 6 days earlier. Died 21 days after the fall and 40 days after last aggravated by
dose of lenalidomide. Subdural/subarachnoid hemorrhage primary cause. thrombocytopenia).
Thrombcgytopenia not listed.

0373009 Treated for 137 days. 5 months after last dose diagnosed with AML. Sponsor & Reviewer:
Died one month later. None.

0373011 Treatment for 28 days. After 26 days of treatment experienced grade 4 Sponsor: None.
neutropenia and pneumonia. Treated with antibiotics, refused ventilatory Reviewer: Yes.
support and died from respiratory failure due to pneumonia. 1n reviewer’s
opinion neutropenia contributed to occurrence of pneumonia and failure
to recover from it. . '

0373019 Treatment for l 10 days. Five months after stopping lenalidomide was Sponsor & Reviewer:
found to have AML and died 3 months later. None.

0373024 Two treatment periods of 4 weeks. Developed AML and died. Sponsor & Reviewer:
None.

0373031 Treatment for 95 days until the day of death, one dose reduction. Major Sponsor: No.
response. Perforated bowel during colonoscopy and 2ry sepsis with Reviewer: Yes

leukopenia (WBC from 3470 to 1080 the next day), renal failure, cardiac (Neutropenia contributed
arrest. Cause of death seas from bowelErforation. to sepsis.)

0373033 Treated for 250 days. Fell, broke left hip, was operated, developed Sponsor: No Reviewer:
thrombocytopenia and neutropenia, then sepsis and multiorgan failure. Possible because of

Thrombocytopenia (grade 3) ongoing at time of death. Died of cardiac sepsis, neutropenia and
failure. thrombocytopenia. 

Reviewer ’s Comments:

1. It is not possible to assess lenalidomide safety without a comparator ofbest supportive
care study arm.

2. Review ofthe above cases suggests that some ofthe deaths may be related to treatment
with lenalidomide. ’

3. Lenalidomide may be contributoryfactor in causing death by aggravating pancytopenia
ofAIDS, or by causing neutropenia and/or thrombocytopenia.

4. Thrombocytopenia and/0r neutropenia appear after days, weeks or months ofexposure to
lenalidomide.

5. Thrombocytopenia and neutropenia may lastfor weeks or months after lenalidomide
exposure. It is diflicult to be certain whether prolonged thrombocytopenia and
neutropenia are due to the drug, progression oflllDS 0r incipient development ofAlllL.

6. Thirty days after last dose may be inadequate length oftimefor assessment of
' lenalidomide toxicity, as SAEs and drug-related deaths may continuefor long periods

after drug discontinuation.

7. Lenalidomide appears to be administered until adverse event(s) force its discontinuation,
without regard ofbenefit. There appear to be no stopping rulefor discontinuation ifthere
is no evidence ofachievement oftransfusion independence.

Relationship_to lenalidomide therapy. Of the 28 on—study deaths, 24 were assessed by the
investigators as unrelated to lenalidomide therapy, 4 were suspected by the investigatOrs to have
a relationship to therapy. The details of these four patients were as folIOWS:
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0 Subject 0262008, who had a history of long-standinglcytopenia, had urosepsis and septic
shock in the setting of pancytopenia 28 days after discontinuation of lenalidomide.

0 Subject 0312004, who had a history of COPD with frequent hospitalizations, died of
respiratory failure 25 days after discontinuation of lenalidomide.

0 Subject 0233008, who had drug~re1ated pancytopenia during the study, died of
respiratory distress and sepsis 4 days after discontinuation of lenalidomide.

0 Subject 0323002, who had drug—related pancytopenia during the study, died of
pneumonia 16 days after di5continuation of lenalidomide.

Reviewer ’s Comments:

As noted above, it is diflicult to establish causality in MDS, in which pancytopenia is the usual
pathophysiology and which is treated with a drug that causes pancytopenia, especially in a study
without a supportive care only arm. Furthermore, narratives provided insufficient information in
some cases. Assignment of "multiorganfailure " in cases with neutropenia, sepsis and
pneumonia appears inappropriate to this reviewer.

In the reviewer ’5 opinion thefollowing additional nine deaths may have been drug-related.
Patients are identified by thefollowing numbers:

0 001108

0 001113

0 001134

0 0292004

0 0322001

0 0333001

0 0373011

0 0373031

0 0373033

In the reviewer ’s opinion, thefollowing deaths in MDS—003 may have been drug drug—related,
five during the study period and the 3O-dayfollow up period (two identified by the sponsor 's
investigators) and two at later times.

0 0233008 (identified by sponsor)

0 0323002 (identified by sponsor)
0 0373011

0 0373031

0 0373033

0 0243010 (>30 days post-studyfollow—up)

0 0333001 (>30 days post—studyfollow—up)

Relatiothip to lenalidomide dose and schedule. According to the Sponsor, there were 2 deaths
(15.4%) among 13 patients whose initial dose was 25 mg/day, and 30 deaths (7.6%) among the
395 subjects who received the 10 mg starting dose. There were 16 deaths (7.4%) among 215
patients who were treated with 10 mg/day on a continuous basis, and 14 deaths (7.8%) among
180 patients who were treated with 10 mg on a syncopated schedule.
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Reviewer ’5 Comment.“

The above Sponsor’s analysis above does not take into account length oftreatment and dose
reductions, nor the possible diflerences between the del 5q population and the non-del 5q
population. According to the Reviewer ’s analysis, there were no significant difi’erences in death
rates in MDS—003 (I 1/148=7.4%) compared to MDS—002 (1 7/215=7.9%).

The higher incidence of deaths in the 25 mg dose group suggests a dose-dependent relationship,
but the small number of patients renders this conclusion tentative.

Categories of causes of deaths, simplified by the reviewer, are shown in Reviewer’s table below.

Table 58 Causes of Death (Reviewer’s Table)

 

Causes of deaths Number of cases 
 

 
 

Infections, including sepsis and pneumonia 
AML  

Bleeding_  
 

Cardiac

End—stage liver disease
 

 

Perforated colon and sep_sis  
Multiorgan failure with Encytopenia 

 Carcinoma of the 115g 
 Angiodfiplasia and bleeding 

 
Cause unknown
TOTAL
 

 
 

Reviewer ’5 Comment:

Twenty-four 0fthe 42 deaths were probably related to MDS (infections, AML, bleeding, and
multiorganfailure); about 11 ofthe deaths were probably not directly related to MDS (cardiac
causes, perforated colon, end-stage liver disease (due to alcoholic cirrhosis and to hepatitis B),
angiodysplasia, and carcinoma ofthe lung); cause was unknown in 7. These mortality statistics
are typical ofMDS, a chronic condition in which about 30% ofpatients die ofcauses other than
MDS.

7.1.2 Other Serious Adverse Events

At least one SAE Was reported in 151 (38.2%) of the 395 subjects who received the 10 mg/day
starting dose of lenolidomide. Most SAEs were hematological (anemia, neutropenia, febrile
neutropenia, thrombocytopenia and pancytopenia) and infectious (pneumonia, UTI, sepsis).
Sponsor’s Table 9 summarizes the SAEs. '
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Table 9. Frequency of Serious Adxerse Exeuts Reported{i190 or 310m? of

Subjects Treated With the lflvmg Leuaiidomide Starting Base111 the

MDS Studies (DADS-002, AfDS-GOZ, and REDS—003)

 

 
.Dver All H335 Studies
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The following analysis by the Reviewer of the differences in SAEs between MDS-003 study and
MDS—OOZ are shown in the table below. Only key differences between the two studies are

shown. For the sake of clarity, the dosing regimens (10 mg/day‘continuous vs. 10 mg/day
syncopated) and the numbers of patients reporting SAEs are omitted, only percentages of
patients are shown.

Table 59 Key Differencesin the Frequency of Serious Adverse Events between MDS-003 and MDS-002
(Reviewer’5 Table)

 
 

 

 Serious Adverse Event  MDS—003, N = 148  MDS-002, N = 215 

Percentage ofpatients with SAE 41.2% 35.8%  
 

Blood

-Neutropenia and febrile neutropenia
-Thrombocytopenia
—Anemia

-Pan‘cytopenia

9.5%
3.4%
2.7%

2.0%

2.8%

0.9%
3.7%
0.9%
   

Infections 
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-Pneumonia, pneumonitis, sepsis, infection 13.6% 5.1%

Vascular

-Pulmonary embolism 2% 0%
—Deep venous thrombosis 2% 0% ‘ 
Data source: Table 33 (MDS-003 Study Report) and Table 34 (MDS-002 Study Report)

Reviewer '5 Comments:

1. There is some evidence ofa relationship between dose and toxicity in the Sponsor’s
combined data table. NeutrQ‘Qeniaz pneumonia and diarrhea were morefrequent in the 10
mg continuous dose group (who received 280 mg per 28 days) than in the 10 mg
syncopated group (who received 210 mg per 28 days). On the other hand anemia1—_L

thrombocvtopeniaiebrile neutrogenia, Qancvtopenia sepsisgand gyrexia were not
increased in the continuous group.

2. 0n the other hand, the dijj’erences in SAEfrequency between A4DS—003 (del 5g
population) and MDS-002 (non—del'5q population) are striking. There is a 3—fold higher
incidence3fneutLopenia— and thrombocvtopenia-related SAEsLaz—fold higher incidence
Qfipancvtopenia—related SAM 2Md higher incidence2fi_n[ectious diseases-related
SAES! and cases at venous thromboembolism and pulmonafl embolism in MDS-003 but
not in AIDS-002.

Sponsor’s sub-group analyses of SAES (all three MDS studies:
Subgoup analyses by the sponsor showed that

a. Subjects older than 65 years of age had more SAES than subjects 65 years of age
and younger (42.1%, 120/285 vs. 28.2%, 31/110). The only SAE that was more
frequent in subjects less than 65 years of age than in older subjects was
neutropenia (4.2%, 12/285 vs. 0%, 0/110). .

b. There was no significant difference between males and females in the frequencies
of SAES (38.0% vs. 38.5%). There more DVTs among females (2.1%) than in
males (0%).

c. Effects of race and ethnicity could not be evaluated because more than 94% of
subjects were white.

Reviewer’s sub—group analysis of SAES in MDS-003 is shown in Reviewer’s table below.

Table 60 Serious Adverse Events by Age in MDS—003* (Reviewer’s Table)

 

 
 

 

SAE _ g 565 years of age >65 years of age
 
 

 

 

N = 48 N = 100

Patients with at least one SAE (%) 29.2% 47.0%
Blood disorders 6.3% 17.0%
—-Neutropenia 0% 9.0%
——Febrile neutropenia 2.1% 4.0%
-—Thrombocflopenia 0% 5.0%
Infections and infestations 8.3% ' 19.0%
General disorders (pyrexia, fatigue, multi-organ 6.3% I 1 1.0%
failure, asthenia, chest gin, fall, etc)
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Respiratory
—-Pulmona embolism (3 cases
 

Gastrointestinal

Vascular
-—Dee - vein thrombosis

*Data from Tables 14.3.2.2.l in MDS-003 and MDS-OOZ.

  
SAEs were 61% higher in patients over 65 years of age than in younger patients in the dc] '5q

population. All of the above categories (hematological, infectious, respiratory, gastrointestinal,

vascular, and general disorders) were all about twice as frequent in the over 65 year old patients.

Reviewer’s sub—group analysis of SAEs by gender in MDS-003 is shown in the table below. '

Table 6] Serious Adverse Events by Gender in MDS—003* (Reviewer’s Table)

 

 

Patients with at least one SAE (%)
Blood disorders

——Neutropenia
“Febrile neutropenia
--Thrombocytopenia
Infections and infestations

General disorders (pyrexia, fatigue, multi—organ
failure, asthenia, chest ain, fall, etc.)

Respiratory
--Pulmona embolism (3 cases)
Gastrointestinal

Vascular
——Dee vein thrombosis

*Data from Tables l4.3.2.l3.2 in MDS-003 and MUS-002

 

 

  
 
 

The overall frequencies of SAEs were not markedly different between males and females. Some

categories of'SAEs were more frequent in females (infections, gastrointestinal events,

thrombocytopenia and vascular events including DVTs), other categories were more frequent in

males (blood disorders including neutropenia and respiratory system events).

Reviewer’s Additional Comments on Hematological SAEs

While reviewing the narratives of deaths and SAEs, this reviewer noted:

0 rapidity of onset of grade 3—4 neutropenias and thrombocytopenias in some cases (i.e.

within 1-2 weeks in 13 instances), and

- unpredictability of resolution of grade 3—4 neutropenias and thrombocytopenias after

discontinuation of lenalidomide. While in some patients they resolved within days or

weeks, in others they continued for months and remained unresolved at the time of the

original narrative or safety update- It is difficult to estimate the extent of this problem

from the data in the submission. The sponsor was requested to provide all the data
available.
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In a response dated September 30, 2005, the sponsor provided the following data, which

included data from the safety update: .

0 Median time to onset of neutropenia in 70 out of 147 patients (47.6%) after starting

treatment with lenalidomide was 42 days (range, 14 - 411 days) I

0 Median time to recovery of neutropenia to grades 1, 2 or 3 in 64 of these 70 patients was

17 days (range, 2 ~ 170 days),

0 Median time to grade 3 or 4 leucopenia was 29 days (range, 14— 428 days) and median
time to recovery grades 1 or 2 was 225 days (range, 7— 354 days),

- Median time to onset of grade 3 or 4 thrombocytopenia1n 70 out of 147 patients (47.6%)

was 28 days (range, 8 — 290 days),

0 Median time to recovery of thrombocytopenia to grades 1 or 2 in 60 of these 70 patients

was 22 days (range, 5 — 224 days).

7.1.3 Dropouts and Other Significant Adverse Events

The primary reason for discontinuation from the studies in all treatment groups was adverse

events. According to Sponsor’s Table 21n the Integrated Summary of Safety (shown below), of
- the 395 subjects who received the 10 mg/day starting dose, 75 (19%) discontinued from the

studies because of adverse events. Sponsor 8 Table 2 shows the reasons for discontinuations
from the studies.

Table 2. Frequencyof Reasons for Discontinuation From BIBS Studies

(MDS—001, MDS~002, and MDS—003)
Over All MDS Studies

10mg Cont. 10mg Sync. 10mg Overall
(N=180> (N=39§)

aetients enxglled
Sisccntinued studv medication {a}

Primary reason for discontinuation
Adverse :1-ert

Lack of therapeutic efz:.:t
SLb3' ere withdrew consent
SuM6-2: 1:5: to follow—upflea-t:
Prcznccl violation
Other

L3'21?111mlmJ‘-Jm  (2)I123N1‘“I''r"1.1‘1 H 
Sponsor’s Table 37 in the Integrated Summary of Safety (and Table 10 in Summary of Clinical
Safety) presents the types of adverse events that led to withdrawal from the studies. According to

sponsor’s Tables 10 and 37, of the 395 subjects who received the 10 mg/day starting dose, 93

(23.5%) discontinued treatment due to adverse events. (Reviewer '5 Note: There are

discrepancies between source documents Tables 1.2.] and 1.7. 1 in the number ofpatients who

discontinuedfrom MDS studies because ofadverse events — 75 vs. 93).

Thrombocytopenia (6.1%; 24/395) and neutropenia (3.5%; 14/395) were the most frequently
reported adverse events in this category, followed by rash, nausea, diarrhea, fatigue, and

pneumonia. Other events that led to withdrawal from the studies were less frequent. It is apparent
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from sponsor’s Tables 10 and 37 that a large number of types of events led to discontinuation
from the MDS studies.

The relationship of dose and adverse events leading to discontinuation from the studies are

apparent. Of the patients who were started on 25 mg, 69% discontinued compared to 23.5% of

patients who were started on 10 mg daily dose.

APPEARS nus WAY
0N GREGla‘lAL
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Table 10. Frequency of Adverse Events Leading to Discontinuation in the )IDS

Studies (filDS—Ofll: EDS—002, and 31135—003)
Over £111 [£33 Studies

 

25mg 10mg Coat. 10311:; SInc-I 16mg Overall
-referred term [a] IN=131 tN=ZlfiI (N=180) {R=395}
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Table 19. Frequency of Adverse Events Leading to Discontinuation in the SIDS

Studies (BIDS-001, KIDS—002, and NBS-003) (continued)
Over All MES Studies
 

25mg 10mg Cant. 10mg Sync. 10mg Overall
yate-m organ class,’ Preferred tam {a} {Xi—=13) (11:215) (N=130} 8:395]

i 1BRVDUS SYSTE! DISBRDERS
c?)

L”!r)(2’1if.)
(T! 

 (1]C.‘ 

 If!(1'!(2‘1Cl r‘aI1:11)

(3|
u
r.u

'3!
23

m:1It)A

1-3toto ws;a.
m mama 1315011121125

TERIIGC;

 

with multiple

 
Subgroup analyses by the Sponsor:

0 More subjects who discontinued from the studies due to adverse events were >65 years of

age (26.3%; 75/285) than those 65 years of age and younger (16.4%; 18/110).

0 There was no difference in the percentages of men and women who discontinued from

studies due to adverse events (24.0% vs. 23.0%).

o No racial/ethnic analyses could becarried out for the reason stated above.

Differences between some broad categories of adverse events between MDS—003 and MDS—002
were assembled by the Reviewer and are shown in the Reviewer’s Table below.
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Table 62 Analysis of Adverse Events between MDS—003 and MDS-002* (Reviewer’s Table)

MDS-003, N = 148 MDS-002, N = 215

 

 

 
Adverse Event Category 

 
 

 

 

 
  

 

 

 

 

 

Subjects with at least one grade 3 or 4 event 72.1% -
Sub'ects with at least one SAE 35.8%

Subjects with at least one AE leading to
discontinuation of stud dru_

 Subjects with an AB leading to a dose 55.8%
reduction/interruption

*Data from MDS-003 Clinical Study Report Table 29 and from MDS-002 Clinical Study Report Table 30.

 

  
 

Reviewer ’5 Comments:

1. Theflequency ofdiscontinuation ofstudy drug because ofadverse event was lower in

study MDS-003 (14.2%) than in 114DS—002 (27.0%). In MDS—003, discontinuation rate

was higher in the syncopated regimen than in continuous regimen. IN MDS—002, the

discontinuation rate was the same in both regimens.

2. Thefrequency ofdose reductions/interruption due to an adverse event wasfar higher in

MDS—003 than in MDS—002 (see below).

3. Thefrequency ofpatients with a grade 3-4 adverse event in MDS-003 (88.5%) was

greater than in MDS—002 (72.1%). Toxicity was greater in the continuous regimen than

in syncopated regimen in study MDS-003 (92.2%frequency ofgrade 3—4events vs.

80.0%), but not in study AlDS—002 (69.0% in continuous vs. 74.8% in syncopated).

4. Thefrequency ofsubjects with SAEs in MDS-003 (41.2%) was slightly greater than in

MDS-002 (35.8%).

7.1.4 Other Search Strategies

Not performed.

7.1.5 Common Adverse Events

All adverse events (AE5) that were reported by the subjects or observed by the investigators were
reported in the subject’s CRF. An adverse event was defined as any sign, symptom, illness, or

diagnosis that appeared or worsened during the course of the study. The severity of ABS and

laboratory abnormalities was graded by NCI CTC v. 2.0.. Treatment—emergent AEs were coded

using the MedDRA classification system. The frequencies of adverse events were tabulated by

body system, MedDRA term, and treatment regimen, with subjects reporting the same event

more than once counted only once in the tabulations.

At least one adverse event was reported in 407 (99.8%) of the 408 subjects who were treated

with lenalidomide in the 3 MDS studies. These are adverse events of all grades (1 — 4) and not

categorized as drug-related or not. Sponsor’s Table 4. shows the frequency of these events

reported in 5% or more subjects.
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Table 4. Frequency of Adverse Events Reported in 5% or More of Subjects in

the MDS Studies (MDS—DOI, BIDS—002, and AIDS-003)
Over All HE'S Studies
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Table 4. Frequency of Adverse Events Reported in 5% or More of Subjects in

the MDS Studies (KIDS—001, AIDS—1302, and EDS—003) (continued)
five: All MOS Studies

25mg 10mg Cont. 13mg Sync. 10mg Gvezdll
>y5tem organ classf Frefczxeé term [a] (N=13} (F=215} {NzlSfi} (N=3§S}

Over All NEE Studie:

3125335 g
BYBGEUSIE

INFECTIONS AND INFESTATEQHS
”P953 33* TORY TRAE? IEFEZTESE H03
EREH KFECTIuR HOS
FREUHOHIE KG
5EN§5ITIS N95

AHQREXIA
APPETITE ESCR

KY5 BISDRBERS
V1553? 3183339 .

:SYCHIETRIC DISORDERS
IEBGMEIB 

The most commonly reported AEs were neutropenia and thrombocytopenia (each in 41.5% of

patients). Febrile neutropenia occurred in 3.3% ofpatients.

Bleeding events: Epistaxis was reported in 10.7% of subjects, ecchymoses in 3.3%, patechiae in

1.8%, hematuria in 1.5%, gingival bleeding in 1.1%, and hematomas in 1.0%. Hemoptysis,

hemorrhage, and vaginal bleeding were reported in one or two subjects. Most of the above

bleeding events were grade 1; however, epistaxis was grade 3 in 2 subjects, grade 2 in 3 subjects,
and grade 1 in 34 subjects.

Of greater importance were single cases of subdural hematoma (grade 4), subarachnoid

hemorrhage (grade 4), intracranial hemorrhage (grade 3), and grade 4 hematuria (penile

bleeding) (grade 4). One patient, who suffered subdural/subarachnoid hemorrhage died, and one

patient who had a gastrointestinal hemorrhage discontinued treatment.

Infections: Most of the infections were typical in this age group, such as upper respiratory

infections (33.9%), urinary tract infections (9.4%), pneumonia (7.8%), and influenza.

Rashes and Itching: Pruritus in 31.4%, rash in 29.6%, pruritic rash in 5.1%.

Fatigue and Asthenia: Fatigue was reported by 33.2% of patients, peripheral edema by 18.7%,
fever by 15.4%, asthenia by 8.6%.

Gastrointestinal: Diarrhea was reported by 35.9%, constipation by 24.1%, nausea by 19.0%,
anorexia by 9.4%, vomiting by 9.4%.
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Other commonly reported AEs: Respiratory symptoms, musculoskeletal symptoms, headache,
and dizziness.

Adverse events in study MDS—003 are summarized in Sponsor’s Table 30 below.

Table 30. Frequency of Adverse Events Reported in 10% or More of Lenafidomide—

treated Subjects by Initial Lenalidomide Reg'meu and Overall (Safety

Population)
Overall

(3:148)
-yztcm organ c1555! Preferxcé term [a]
Subj:::: with a: least one advers: even

Thrazbocytnpeni:
Reutropeniz
astxointesiinnl disozdczs
Diarrhea NBS
Consuzpatifin winm p—--u.u

xkia and zuhcutnacaus tissue disardczs

aural disorder: and administration sit: conditions

"aspiratozy, thazacic and.m:dia5iinnl disorders Adooelqgssodtsea
wlwl)|#l4 mmwwm

a :culoskcletal and conncctivc tissue dizordezs

 
term: :2: ccdcd‘

if: 3:135:
..   23L“ ubjact wizh mu;.iple

 
The key differences between the adverse event profiles in MDS—003 and MDS—OOZ are shown in
Reviewer’s Table below.

APPEARS WIS WAY
0% 939mm.
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Table 63 Key Differences in the Frequencies of Adverse Events Reported in Lenalidomide—treated Subjects
in Studies MDS-003 and MDS—002 (Reviewer’s Table)

 
  

 
 
 

 

MDS-003

N = 148

MDS-002System organ class/Preferred term AE

' N = 215
 
 

 
 

Neutropenia 56.8% 29.8%
Thromboc to enia 60.1% 27.0%

Infections, all categories 50.0% 40.9%
Diarrhea _ 43.2% 28.8%
Pruritus 39.9% 25.1%

Rash 34.5% 27.0%

Fati ue ' 29.1% 29.3%
17.6% 11.6%

Bleeding events, all categories 32.4% 18.1%
*Data from MDS-003 Table 14.3.2.2 and MDS-002 Table 14.3.2.2.

   

 

 

    

  
  

 

 

   

  
 

 
 

    

 
 

 

  
  

    

Reviewer ’s Comments on the differences in thefrequencies ofABS between study MDS—003 and
stuay MDS—002:

There are 12er significant differences between the AEs in del 5q population in MDS—003 and the

non-del 5q population in MDS—OOZ. Especially noteworthy are

0 Neutropenia, almost twice as high in MDS—003

0 Thrombocytopenia, more than twice as high in MDS—003

0 Infections. higher in MDS—003 (especially serious infections, as described below)

' 0 Higher bleeding rate in 114DS-003

0 Higher rates ofdiarrhea, fever, rash andpruritus

0 There were no significant AEs that were morefrequent in the MDS—002 study than in the
MDS—003 study.

The Sponsor presents some interesting analyses of neutropenia and of thrombocytopenia in study
MDS—003. The neutropenia analysis is shown in Sponsor’s Table 35 below.

Table 35. Summary of Neutropenifl by Initial Lenah‘domide Regimen and Overall
10 mg Cunt

P N=103 .
Hautzapcnia

*" ‘ ‘ . L-T. 1 (< .7_} < 173_‘“Eeucrcpcni:
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Reviewer '3 comments:

1.

3‘94

5.

A clear dose—toxicity relationship is evident in any grade neutropenia (67% in continuous

vs. 33.3% syncopatea), in grade 3 and 4 neutrogenia (63.1% vs. 31.1%), and in dose

reduction/interruption due to neutrogenia (43. 7% vs. 24.4%).

Other categories are also morefrequent in the continuous'dose group than in syncopated

dose group, but the number ofevents is too small toform conclusions.

Noteworthy is the role ofneutropenia in dose reductions/interruptions (3 7.8% ofcases).

A similar analysis of thrombocytopenia (Sponsor’s Table 36, not shown) did not show a

dose—toxicity relationship in any grade thrombocytopenia, grade 3 a d 4

thrombocytopenia, or in dose reduction/interruption due to thrombocytopenia.

Thrombocytopenia accountedfor 43.2% ofdose reduclions/interruptions.

 

Bleeding events: Twenty—seven of 148 subjects received platelet transfusions; 7 because of

bleeding episodes, 20 for prevention of possible bleeding events.

Drug—related adverse events

Reviewer ’s Note:

Sponsor presents this section, even though in the absence ofa control group (e.g. best supportive

care only), it is diflicult to attribute adverse events to lenalidomide in the setting ofMDS.

At least one drug—related adverse event was reported in 352 (89.1%) of the 395 subjects who

were treated with the 10 mg/day starting dose of lenalidomide. Sponsor’s Table 5 summarizes

the drug—related adverse events that were reported in Z 5% of the subjects.

Neutropenia and thrombocytopenia may be due to MDS, to lenalidomide, or to both.

APPEARS HES WAY

Oié Oitifiiiéi‘al.
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Table 5. Frequenm of Drug-lelated Adsex59 Ex9111‘s Reportedat 5°xo «)1 ‘10:e

of Subjects Treated VVith lO—mg.d3} Dose by Initial Lenalidomide

Regimen (KIDS—001, l-IDS—QOZ, and RIBS-003)

16 mg Cont. 18 rag Sync. 18 13:; Overall

Preferred Term — (H15) (13:180) F=395)

At Least 1 Drug-related Event 198 (92.1) 1.54 (35. 6) 352 (89.1)

  

   

 

 

 
Sponsor’s investigators suspected these AEs as being drug-related. Of interest is the increased

toxicity with increaseddose (i.e. greater with continuous than with syncopated) listed for both

neutropenia and thrombocytopenia.

7.1.6 Less Common Adverse Events (CTC Grades 3 and '4 events will be

described)

Grades 3 and 4 adverse events were reported in 314 (79.5%) of the 395 subjects who were

treated with the 10 mg/day starting dose of lenalidomide. Sponsor’s Table 6 lists these adverse

events and the number of subjects who experienced them.

Reviewer3 Comment

The high frequency ofgrade 3 and 4 adverse events cannotfail butimpress, especially the 38. 5%

incidence ofgrades 4 and 3 neutropenia (<500/cu.mm and <1000— 500/cu.mm, respectively)

and the 34.4% incidence ofgrades 4 and 3 thrombocytopenia (<10, 000/cu-mm and <50, 000 —

10, 000/cu.mm, respectively). These values predispose to infection and to bleeding.
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Table 6. Frequency of Grade 32‘4 Adverse Events Reported in 1% or More of

Subjects Treated With lO-mg Lenafidomide Starting Dose in the ‘MDS

Studies (AIDS—001, MDS~002, and MDS—803)
&.'=: All MDS Studies

10mg Cant. 13mg 53:23:. 10w; Overall
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Toxicig dose—dependence. Sponsor’s Table 7 analyzes the dose—dependence of hematological

adverse events in the combined data sets of the three MDS studies. Even though the number of
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patients who received 25 mg/day dosing was small, grade 4 neutropenia and grade 3
thrombocytopenia occurred in a greater percentage of patients than in patients treated with 10
mg/day doses.

Continuous dosing with 10 mg/day lenalidomide resulted in a higher percentage of patients with
grade 3 and 4 neutropenia (47.9%) than syncopated dosing (27.2%), which delivered a 25%

lower 28-day dose. Grade 3 and 4 thrombocytopenia did not show this dose—dependence. It
occurred in 36.7% of patients on continuous dosing and in 31.6% of patients on syncopated
dosing. .
Anemia, febrile neutropenia, leucopenia, pancytopenia, pneumonia and other infections,
gastrointestinal disorders, fatigue and most other grade 3/4 AEs also did not show dose-

dependence, at least with this number of events and within this dose-range.

Table 7. Frequency of Grade 3 and Grade 4 Hematologic Events by Initial
Lenalidomide Dosing Regimen
 10 mg Cont. 1% mg Sync. 10 mg Gveznll

25 mg IE=132 (K=215) (N=18fi) (H=395lPreferzefi
 Term in]

Rautznpcni;

 

 

 

 

 

 

  
1:: Lhasa in T:blc E}

Grade 3‘ and 4 AEs in the MDS-003 study are shown in Sponsor’s Table 31 (below).

APPEARS This WAY
0N Gfilfil‘i’lifl
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Table 31. Frequency of Grade 3:"4 Adverse Events Reported in 10% or More of

Lenalidumide-treated Subjects in a System Organ Class by Initial

Leualidomide Regimen and Overall (Safe-t3“ Population)
10mg Cont. 10mg Sync. Overall

(H=103) (N=§5} (N=148)

System organ clasa/ yreferzed term {a} n (%) n n (fi)
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Table 31.

  

Frequency- of Grade 334 Adverse Events Reported in 10% or More of
Lenalidomide—treated Subjects in a System Organ Class by Initial

Lenalidemide Regimen and Overall (Safety Population) (continued) 
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The same data for study MDS-002 is presented below:
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Table 32. Frequency of Grade 3.14 Adverse Events Reported in 10% or More of

Lenalidomide-treated Subjects in'a System Organ Class by Initial

Lenalidomide Regimen and Overall (Safety Population)
10139 Cont: .
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Table 32. Frequency of Grade 3.:‘4 Adverse Events Reported in 10% or More of

Lenalidomide—trented Subjects in a System Organ Class by Initial

Lenalidomicie Regimen and Overall (Safety Population) (continued)
. overall

{II-109) (II-115:! tit-215::
11%?

 

 
 
  

  
ystam organ classf Preferred term [a]
Infections and infestations (cont) 

Lung infection EDS 4:- i n «:6;- 1 1‘ n 9} 51
Oral. infection 1 v. 1.133 I:- t :
Sepsis Has 0 i 0.2-) 1 I'
Septic shock I. . 1.0! 0 -‘
Staphylococcal bacteriemia C' . 0.511 1 i
Urc-sepais 1 I l .0) CI '3' 

Data Source: Tab- 14.3.2.5—
[a] Preferrad terms and system organ classes are code-:1 ugh-1g the MedDRP. dictionary. They

are listed in descending order of preferred term freeman-2y. A aubject with multiple
occurrences of an RE is counted only once in the Preferred term category.

The key differences in the frequencies of grades 3 and 4 adverse events between MDS—003 and

MDS—002 are depicted in Reviewer’s Table below.

Table 64 Key Differences in the Frequencies of Grades 3 and 4 Adverse Events Reported in Lenalidomide—
treated Subjects in Studies MDS—003 and MDS-002* (Reviewer’s Table)

 

System organ class/Preferred term AE MDS-003 MDS-OOZ
N = 148 N = 215

  
  

Neutro . enia ' 53.4% ' 26.5%
Thromboc 0 . enia 50.0% .

Infections (all) - i 16.2% 12.1%%
--Pneumonia ——8.9% --3.7%

6.8% 4.2%

4.7%

3.4%

 

 

 

 

  

Bleeding events, all tyEes
Pulmonary embolism

Deep venous thrombosis .
*Data from MDS-003 Table 14.3.2.7 and MDS-OOZ Table 14.3.2.7.

 

 

Reviewer’3 Comments.

Thefrequency ofpatients with Grades 3 and 4 AESin the MDS—003 trialIS strikingly different

from that in MDS—002 trialin thefollowmg categories.

0 Neutropenia (53.4% in MDS—003 vs. 26.5% in MDS—OOZ)‘

0 Thrombocytopenia (50.0% in MDS—003 vs. 21.4% in MDS—002)

0 Pneumonia (including pneumonilis and lobar pneumonia) (8.9% vs. 3. 7%)

0 Pulmonary embolism (2% in A4DS—003 vs. 0% in lllDS—OOZ)

0 DVT (3.5% in MDS—003 vs. 0.9% in MDS—002)
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7.1.7 Laboratory Findings

The key laboratory data in MDS are hematological parameters. Patients were followed according

to protocol as described above under Efficacy. Sponsor’s Table l 1 (below) shows the shifts from

baseline1n hematology parameters. Again, these are difficult to interpret in single-arm trials, as
there are no control groups.

The overall shifts from baseline values of grade 0, 1, 2, or 3 was low among the 389 of 395 g
subjects in the 3 MDS studies who received 10 mg/day' starting dose. The most extreme values

during treatment are shown in Sponsor’s Table l l for blood counts.

Table 11. Shifts From Baseline in Hematology Parameters Based on the Most.—

extreme Value Obtained During Treatment (IO—mg Starting Dose

Overall) in the MDS Studies (MDS-001, MDS—{102, and MDS-003)
Lenalidnmide 101mg Overall (N:395)

Most Extreme Values

Baseline
Gxnd: [b]
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Most subjects had normal values for serum chemistries at baseline and most extreme values

during treatment were grade 0, 1, or 2. Among all adverse events in MDS-003, the following

were laboratory abnormalities (recorded in 25.0%). Among them were the following renal and

hepatic function tests: '

0 ALT increased in 7.4%,

o AST increased in 4.1%,

0 Alkaline phosphatase increased in 2%,

0 Bilirubin increased in 0.7%,

0 BUN and creatinine increased in 0.7%.

In MDS—003 the following grade 3 abnormalities were the most extreme. Only one case had a

grade 4 abnormality (uric acid). Numbers in parentheses indicate numbers of subjects:

0 LFTs: AST ( 1), ALT (3), alkaline phosphatase (0), total bilirubin (1), albumin (0).

o Renal/electrolytesf Creatinine (0), uric acid (1), Na (4), C02 (0), K (2), Ca (0), Mg (0),

P04 (4). '

0 Glucose (5).

Reviewer ’s Notes: There werefive cases ofcholecystitis with LFT abnormalities, andfour cases

ofacute renalfailure and azotemia with renalfunction abnormalities, as well as cardiacfailure

cases, accountingfor the laboratory abnormalities noted above.

7.1.8 Vital Signs

Vital signs were not analyzed, as MDS does not affect vital signs except during intercurrent
illnesses.

7.1.9 Electrocardiograms (ECGs)

At the time of the submission, most subjects had not had yet a follow-up ECG. Of the 17 subjects

in MDS-003 who had follow—up analyses available, only one subject was reported to have a

prolonged QT interval. This subject had taken levofloxacin and ondansetron, both of which are

known to prolong the QTc interval. The subject subsequently died ofprogression of MDS.

Reviewer ’s Comment:

Since many ofthe patients in the study probably have greater or lesser degrees oftransfusion
hemosiderosis, it would not be surprising tofind cardiomyopalhies, pumpfailures and

conduction defects. These would resultfrom [MDS and notfrom the drug.

7.1.10 Immunogenicity

Lenalidornide has not been tested for immunogenicity.

7.1.1 1 Human Carcinogenicity

Carcinogenicity has not been tested, as lenalidomide has been designated as Orphan Drug, and is

used to treat neoplastic disorders. It is not listed among known human carcinogens.
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7.1.12 Special Safety Studies

A study testing the interaction of lenalidomide with warfarin has been carried out. It failed to

detect an interaction. No other studies have been carried out with respect to other drugs, QT

prolongation, or populations with renal or hepatic impairment. '

7.1.13 Withdrawal Phenomena and/or Abuse Potential

None.

7.1.14 Human ReprodUction and Pregnancy Data

None (verbal communication from the sponsor, 2005). Please see Pharmacology/Toxicology
review for an assessment of teratogenic potential.

7.1.15 Assessment of Effect on Growth

'None known.

7.1.16 Overdose Experience

None known.

7.1.17 Postmarketing Experience

Lenalidomide has not been marketed in any country.

7.2 Adequacy of Patient Exposure and Safety Assessments ‘

Reviewer ’5 Note:

Emphasis in this review will be placed on MDS patients with 5q deletion. These patients are

the populationfor which the drug is intended. Furthermore, these patients appear to have

different eflicacy and safety profilesfrom patients without 5q deletion.

7.2.1 Description of Primary Clinical Data Sources (Populations Exposed and

Extent of Exposure) Used to Evaluate Safety

Pooled data from three studies, MDS—001, MDS-002 and MDS~003, in 408 subjects with MDS

provide the primary safety data. Of these 408 subjects, 395 received treatment with the

recommended starting dose of 10 mg/day either as a continuous regimen of daily doses (215

subjects) or as a “syncopated” regimen (21 days of treatment in 28-day cycles) (180 subjects).

The mean duration of exposure was 22.7 weeks; the median duration was 22.4 weeks; about one-

half (189 or 47.8% of 395) of the subjects received treatment with 10 mg/day lenalidomide for at

least 24 weeks. Thirteen patients received a daily 25 mg dose. Reviewer’s Table below
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summarizes the duration of exposure to lenalidomide in the three MDS studies (data from
Sponsor’s Table 1, Summary of Clinical Safety).

Table 65 Duration of Exposure to Lenalidomide in MDS-001, MDS-002 and MDS-003 (Reviewer’s Table)

  

  

Treatment Duration No. patients N0. of patients No. of patients No. of patients

(weeks) 25 mg/day 10 mg 10 mg 10 mg total
' Continuous S ncopated

Study entry (received at 13 215 180 395
least one dose)   

  
  

  

  

  

 

At least 4 weeks 10 199 158 357 (90.4%)

At least 8 weeks 9 175 143 318 (80.5%!
At least 16 weeks 8 142 121 263 (66.6%)
At least 24 weeks 6 102 87 189 (47.8%)

At least 48 weeks 4 7 ' l 1 18 (4.6%
Mean 35.0 22.5 23.1 22.7

Median (Min.Max.) 20.6 (1.3, 87.0) 21.7 (0.4, 71.1) 23.0 (0.7, 59.1) 22.4 (0.4, 71.1)  
 

Duration of exposure in MDS—003 trial is shown in Sponsor’s Table 27 (below). The exposure in

MDS-003 is longer than in all three MDS studies combined..0ver 50% of patients were treated
for at least 32 weeks, almost 70% for at least 24 weeks, and over 80% for at least 16 weeks.

Table 37. Duration of Exposure to Lenalidemide as of 15 September 2004 Data

Cutoff Date. by Initial Lenalidomide Regimen and Overail.

(Safety Population)

19mg Boat. ifimg Sync. Ovtzall
(N=103) (NtléBE

leas‘ 4 week:
lca=3 E agek:
lea-* 16 week:

US
(a
a
.0
o(I)

22.

(.21
(1)

O

8
<

 
 

Ea] Dara? . i 2 j = {d;:: of last doe: — daze of fizz: dose + l 1.!

A substantial percentage of patients in all three studies had reductions of the initial dose or
interruption of dosing because of adverse events. Reviewer’s table below shows the dose

reductions and dosing interruptions by study. These data were not integrated by the sponsor into

a composite of three studies. Generally, the differences between the continuous and syncopated
10 mg dosing regimens were not noteworthy; therefore the data from the two regimens are
condensed for ease of presentation.
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Table 66 Dose Reductions Due to Adverse Events in MDS-001, MDS—002 and MDS-003 (ITT Populations)*
(Reviewer’s Table)

 
 
 

 

 
 

 
 
 

 

  

 
 
 

 

 
 
 

 
 

 

MDS—001, 10 mg

No. patients (%)
N = 32

12 (38%)

MDS—002, 10 mg

No. patients (%)
N = 215

102 (47%)

MDS-003, 10 mg

No. patients (%)
N = 148

118 (80%)

Dose Reduction/

lnterruption**
 
 

MDS-001, 25 mg

No. patients (%)
N = 13

8 (62%)

 

 
 

 
 
 

 
 

 
 

Had at least l dose
reduction/interru . tion

Time to 1SK dose

reduction/interruption

Median (range), days
Duration of lSl dose

interruption
Median (rane), da 5

Had 2'" dose
reduction/interrution

Interval between 15‘

and 2"d

reduction/interruption
Median (rane), da 5
Duration of 2'" dose

interruption
Median (range), days

*Data from Table 24 (MDS-001), Table 29 (MDS-002), and Table 28 (MDS—003).
“Definitions: Time to dose reduction/interruption: the time from the first dose of lenalidomide to the start of first
reduction/interruption. Duration of dose interruption: The time from last dose of one dosing regimen to first dose of the next
dosing regimen. A dosing change is considered an interruption ifthe start ofthe new dosing record is >l day after the end ofthe
previous dosing record. Interval between 15‘ and 2"d reduction/interruption: time from the start of the first dose
reduction/interruption to the start of the second dose reduction/inten'uption.

  

 
 

  

 

  

 

85— 96 (44 — 184)
days

50 days 42 (3 — 148) days 2] (2 — 253) days 

  

    

 
 

  
 
 

 
 

 

 Not stated [6 (2 — 65) days

49 (23%) 50 (34%)

36 (2 — 159) days 51 (15 — 205) days

Not stated . _22 (2 — 265) days 

 
 
 

 

 
 
 7 (54%) 

 

 

128 (36 — 169) days   

   

   
 

 
 

 Not stated 
12 (2 — 60) days 21 (2 — 148) days

 
  
  

Reviewers Comments:

A substantial proportion ofpatients treated with all doses and all schedules had to have dose

reductions and dose interruptions because ofdrug toxicity. Especially noteworthy were dose

reduction and dose interruptions in the MDS-003 study, in which the MDS patients with del 5q

were treated (in bold type above). Eightypercent ofpatients had to have the initial 10 mg/day

reduced and/or delayed at least once or twice. Typically, an adverse eventforces discontinuation

oftreatment. The drug is restarted at 5 mg/day dose once the adverse event subsided (median

delay of21 days with a wide range ofdelays). Another adverse event thatforces discontinuation

oftreatment is followed by another delay (median delay of5 1 days, with a wide range ofdelays)
before treatment is re-instituted with a 5 mg q.o.d. dose.

Greater detail of dose reductions and interruptions in the MDS-003 trial are shown in Sponsor’s
Table 28 (below). ' '
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Table 28. Dose Reductions by Initial Dosing Regimen and Overall

(Safety Population)

 10mg Cunt- Overall
(H=103) (H=4S) (8:143)
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The median number of days on treatment until the first dose reduction was 21.

The median duration of treatment interruption after drug is held the first time was 22 days.

The median number ofdays between the first and second dose reduction was 51 days (presumably that

includes the duration of the first treatment interruption plus the duration of treatment with the reduced

dose). I _
The median duration of treatment interruption after the reduced dose was stopped and a third dose

reduction instituted was 21 days.

Reviewer 's Comments:

0 Dose reductions and dose delays due to adverse events suggest that the starting dose may be too

highfor 80% 0fthe patientsfor whom this drug is intended.

Study type and design/patient enumeration

Study MDS-OOl was a single center, Phase 1/2, pilot, dose—finding study in which 13 subjects
received lenalidomide as a 25 mg daily dose, 12 subjects received 10 mg daily dose on a
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continuous basis, and 20 subjects received 10 mg daily dose on a syncopated regimen'(0n Days

1-21 of repeated 28-day cycles).

Study MDS—002 was a Phase 2, multicenter, open label, single-arm study in which 100 subjects

received lenalidomide as a 10 mg daily dose on a continuous basis and 115, 10 mg dose on a

syncopated regimen.

Study MDS-003 was a Phase 2, multicenter, open label, single—arm confirmatory study-in which

103 subjects received lenalidomide on a 10 mg daily on a continuous basis and 45, 10 mg on a

syncopated regimen. ‘

Demographics

Demographic characteristics 0f subjects are summarized in Reviewer’s Table below (data from

Sponsor’s Table 3).

Table 67 Demographic Characteristics of Subjects in Studies MDS-001, MDS—002 and MDS 003 (Reviewer’s
Table)

 
 

 
 
 
 

 
 
 

 

No. of patients

10 mg
Continuous,
N = 215

No. of patients No. of patients

10 mg 10 mg (Total)

Syncopated,
N = 180 N = 395

Characteristic 
 

No. of patients

25 mg

 
 

 
  

 
 

N=13 

 

 
 

 

Age (years)
Mean

Median ran e

Age distribution
S 65 years
> 65 ears

Gender
Male
Female

Race
White
All Other

 

 
 

70.2

71.5 (27092.0) 
 

   

  
 

51

129
 

 

 
 
 

 

 

  
 

97
83
 
 

  
  
 

169
11

 
 

Extent of exposure (dose/duration)

Described above.

7.2.2 Description of Secondary Clinical Data Sources Used to Evaluate Safety

There are no 1) data derived from studies not conducted under the applicant’s IND, 2)

postmarketing data, or 3) literature reports on studies not conducted under the IND.
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Other studies

None

Postmarketing experience

Lenalidomide has not been marketed in any country.

7.2.3 Adequacy of Overall Clinical Experience

The clinical experience with 10 mg daily dosing is contained in this review. The clinical

experience with 25 mg daily dosing is not pertinent to this application. The 25 mg dose was

found to be too toxic in MDS—001 and was abandoned for use in MDS F"th—wfi m...“.3323”,__.x.+—— . .a—r’ ,

o The total number of subjects exposed to the drug was adequate,

0 the duration of exposure was adequate,

0 over one—half of the subjects in the three trials do not have the fine of MDS for which the

drug is intended (Sq deletion),

o the 10 mg doseby either dosing regimen was too high for the subjects for whom the drug
is intended,

o the numbers of patients > 65 years of age and :65 years of age was adequate,

o the numbers of males and females were adequate,

0 the number of subjects exposed to the drug in races other than white was not adequate,
and

0 the number of subjects exposed to the drug who have renal or hepatic impairment was not

adequate; these patients were excluded from the studies. Nevertheless, a few patients had

transient hepatic or renal impairment due to intercurrent illnesses.

The design of studies was less than optimal to answer critical questions, since these are

uncontrolled studies and the dosing is not appropriate.

7.2.4 Adequacy of Special Animal and/0r In Vitro Testing

Since lenalidomide is closely related to thalidomide, teratogenicity studies were carried out in

rats (not a susceptible species for limb abnormalities) and rabbits (who are susceptible), but were

not feeding during the study. The results are summarized in Pharmacology/Toxicology review.

Pharmacology/Toxicology reviewers and an FDA consultant deem the reproductive studies

inadequate.

QT prolongation studies were not carried out or requested.
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7.2.5 Adequacy of Routine Clinical Testing

Routine peripheral blood cell counts, bone marrow aspirates, red cell and platelet transfusion

monitoring, hepatic function tests, renal function tests, thyroid fimction tests were performed as

per protocol.

7.2.6 Adequacy of Metabolic, Clearance, and Interaction Workup

Since lenalidomide is primarily excreted by the kidney, it would be important to study the safety,

as well as efficacy, in renally impaired patients. ‘

7.2.7 Adequacy of Evaluation for Potential Adverse Events for Any New Drug

and "Particularly for Drugs in the Class Represented by the New Drug;

Recommendations for Further Study

' A placebo (best clinical care) trial would greatly help in distinguishing drug effects from the

pathophysiology of MDS.

7.2.8 Assessment of Quality and Completeness of Data

Division of Scientific Investigations report is pending.

7.2.9 Additional Submissions, Including Safety Update

Safety Update was reviewed. Reports of deaths were incorporated into the section on deaths.

SAE, grade 3 and 4 event, and common adverse event profiles are similar to those in the original
submission.

7.3 Summary of SelectedDrug-Related Adverse Events, Important Limitations

of Data, and Conclusions

1. The'most important limitation of data is that data supporting this application come from one

single—arm Phase 2 trial, MDS-003 in del 5q patients. There is no control arm to compare

adverse events between the treatment arm and a control arm. The supporting MDS—002 trial

was carried out in non-del 5q population in which efficacy and safety results differ from

those in the del 5q population.

2. Adverse events were very common. Practically all patients (99.7%) in all three MDS studies

reported at least one adverse event. A very high percentage of patients (79.5%) reported a

grade 3 or 4 adverse event.

3. The most commonly reported adverse events in all three studies were neutropenia and

thrombocflopenia. They were also 1) the most common grade 3 and grade 4 adverse events,
2) the most common serious adverse events (SAEs), except for pneumonia, 3) the most
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common adverse events leading to discontinuations from studies, and 4) the most common

adverse events leading to dose reductions and dose interruptions.

4. Less frequently reported were infections (pneumonias, sepsis, upper respiratory, urinary

tract), bleeding events (epistaxis, gingival, genitourinary, intracranial, and gastrointestinal

bleeding), gastrointestinal events (diarrhea, constipation, nausea), rash, pruritus, fatigue,

peripheral edema, pyrexia, respiratory symptoms, musculoskeletal symptoms, headache,

dizziness, anorexia.

5. There were differences in the frequency of patients reporting neutropenia,

thrombocytopenia, and infections between the del 5q population in the MDS-003 study and

the non—del 5g population in the MDS-002 study. These differences are shown in the

Reviewer’s Table below. The del 5q MDS population had about double the number of

subjects with neutropenia and thrombocytopenia, most of which were grade 3 or 4 compared

to the non—del 5q population. There was also a doubling in infectious events, including

pneumonias, in the del 5q population compared to non-del 5q population. Grade 3 or 4

bleeding events were rare, but occurred more frequently in the del 56] population than in the

Inon-del 5q population.

 

6. Eighty percent (80%) of patients in MDS—003 had at least one dose reduction/interruption

compared to 47% of patients in MDS—002. The higher incidence of dose

reductions/interruptions in MDS-003 may be due to the higher incidence of neutropenia,
thrombocytopenia, and infections in MDS-003, as shown in Reviewer’s Table above.

7. The above findings suggest that the lenalidomide starting dose, while possibly appropriate

for the non—del 5g MDS population, is clearly too high for the del 5g MDS population, for

which lenalidomide is intended. A randomized clinical trial is testing_5_mg/day vs. 10

mg/day vs. placebo in del 5g patients. At present it is not known whether a starting 5 mg/day

dose will be as effective and less toxic than the starting 10 mg dose.

 

8. The frequencies of SAEs were similar in the two trials (41.2% in MDS-003 and 35.8% in

MDS—002). There were 18 deaths (12.2% of 148 patients) in MDS—003. Seven of the deaths

in MDS-003 were possibly or probably drug-related. There were 21 deaths (9.8% of 215

patients) in MDS—002.

9. Reviews of deaths, SAEs, and of grade 3 — 4 adverse events led to the following

conclusions: 1) Approximately 14 of 42 deaths were possibly or probably drug—related by

causing neutropenia and/or thrombocytopenia with attendant consequences; 2) grade 3 or 4

neutropenia and/0r thrombocytopenia can occur suddenly (e.g. within 6 days of starting

therapy) or after weeks or months of therapy; hence monitoring of patients while on

lenalidomide treatment is of paramount importance; and 3) the course recovery of normal or

acceptable WBC and/or platelet counts after discontinuation of lenalidomide can be

unpredictable: it can occur after days, weeks, or months, or it may not occur at all during the

follow-up period.
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10. The frequency if SAEs was higher in subjects >65 years of age than in younger subjects

(42% vs. 28%). A greater proportion of subjects >65 years of age discontinued from the

studies because of adverse events than the proportion of younger subjects (26% vs. 16%).

There were no differences between genders in the overall frequencies of SAEs and in

percentages of patients who discontinued from studies.

1 1. Patients with renal impairment were excluded from the studies. Because lenalidomide is

mainly excreted by the kidney, renal function should be carefully monitored to avoid excess

toxicity.

12. In summary, the effectiveness of lenalidomide in reducing or eliminating RBC transfusion

dependence in del 5g MDS patients is accompanied by higher toxicig. These patients appear

be more sensitive to lenalidomide than non—del 5g patients and have a greater incidence of

grade 3 or 4 adverse events, neutropenia, thrombocytopenia, and infections.

13. The benefit of lenalidomide treatment in del 5q population is substantial; the incidence of

severe (grade 3 or 41 adverse events, some of them life—threatening, is high. Therefore, g

balanced medical evaluation is reguired before prescribing lenalidomide. '

 

 

14. Until agreed—on and definitive toxicology studies are completed, a S.T.E.P.S.—like program,

similar to that for thalidomide, needs to be implemented before lenalidomide is marketed.

The program can then be continued if lenalidomide is shown to be a teratogen, and

discontinued if it is not a teratogen.

15. Lenalidomide should be approved once the toxicology studies are completed and proper

warnings and precautions are inserted into the product information label.

7.4 General Methodology

7.4.1 Pooling Data Across Studies to Estimate and Compare Incidence

Pooled data vs. individual study data

Not applicable for reasons stated above.

Combining data

Not applicable for reasons stated above.
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7.4.2 Explorations for Predictive Factors

Explorations for dose dependency for adverse findings

Described above

Explorations for time dependency for adverse findings

Described above under dose reductions/interruptions.

Explorations for drug—demographic interactions

Described above under dose reductions/interruptions.

Explorations for drug-disease interactions

Difficulty in exploring this aspect in single arm, uncontrolled trials noted. The trials excluded

renally and hepatically impaired patients.

Explorations for drug—drug interactions

As noted above, lenalidomide is not metabolized by CYP450 enzymes, but excreted mainly

unchanged. N0 interactions are known at present. '

7.4.3 Causality Determination

The causality issue is discussed above in conjunction with deaths, and dose

reductions/interruptions.

Appears This way
On Original
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8 ADDITIONAL CLINICAL ISSUES

8.1 Dosing Regimen and Administration

Dosing issues are addressed in detail above. Eighty percent of patients need dose reductions and

dose interruptions on the proposed dose regimens, 10 mg/day or 10 mg/day for 21 days every 28

day-cycle.

8.2 Drug-Drug Interactions

Lenalidomide is not metabolized by the CYP450 system. It is mainly excreted by the kidney. A

clinical drug interaction study was performed to evaluate the effect of lenalidomide on the

pharmacokinetics and activity of warfarin. Neither activities nor pharmacokinetics of either drug

were altered by co-administration.

8.3 Special Populations

Efficacy

Subgroup analyses show that achievement of RBC— transfilsion independenceIS not affected by
age or gender

The reviewer’s summary of the transfiision—independent response by age and gender subgroups

based on the ITT population is presented inthe table below. Ninety seven (97%) of the patients

were Caucasian and race was not looked at. The results confirm that the transfiJsion—independent

responses are consistent between age and gender subgroups.

Table 68 Summary of the Transfusion Independent Response by Age and Gender Subgroups based on ITT
. Population (Reviewer’s Table)

Transfusion Independence 7
Subgroup

Age
S 65 (n=48)
> 65 (n= 100)

 

 

 
 

  
 

 
 
 

 
 

31 64.6
68 68.0

 

 Gender

Female (n=97)

Male (n=51)
 

   

Safety

The frequency if SAEs was higher in subjects >65 years of age than in younger subjects (42% vs.

28%). A greater proportion of subjects >65 years of age discontinued from the studies because of

adverse events than the proportion of younger subjects (26% vs. 16%). There were no
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differences between genders in the overall frequencies of SAEs and in percentages of patients
who discontinued from studies.

Patients with renal or hepatic impairment were excluded. The study excluded patients with a

serum creatinine >25 mg/dL. No renal impairment study was performed. Because

lenalidomide is mainly excreted by the kidney, renal function should be carefully monitored to

avoid excess toxicity.

8.4 Pediatrics

Lenalidomide has an Orphan Drug status, and pediatric studies are not required.

8.5 Advisory Committee Meeting

Lenalidomide was brought before the Oncology Drug Advisory Committee on Sept 14, 2005. A

summary of the issues and questions are given below. The ODAC committee voted 10 to 5 that
the benefit versus risk analyses warranted approval. For a detailed discussion, please see
Committee Minutes available on the FDA website.

The key issues under consideration were:

1. Whether a single arm trial design can be used in a heterogeneous disease

(myelodysplastic syndrome (MDS),

2. Whether an “8—week transfusion—free endpoint” can be used in a single arm trial to

demonstrate clinical benefit,

3. Whether the dose regimen (10 mg continuous) is excessively toxic and a reduced dose

regimen should be studied,

4». Whether the teratogenic potential of lenalidomide, a thalidomide analogue, has been

adequately characterized,

5. Whether additional risk management measures (e.g., S.T.E.P.S. program) should be

implemented until completion of further studies.

The following clinical questions with the committee votes are shown below:

1. Randomized controlled trials allowfor direct comparisons oftreatment effects

and safety between treatment arms. A single arm study has been submitted using

an 8—week run-in period to serve as a baselinefor each patient '5 transfusion

requirements. A comparison is subsequently made to afollow—up 8-week period

on Revlimid to compare transfusion requirements. Does this study design allow

adequate characterization ofRevlimid ’5 treatment eflect in the population

described in the proposed indication?

Response: Yes= 1 1
N0=5
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2. In this single—arm trial, 80% ofpatients enrolled in MDS-003 had dose

reductions and/or delays and 80% ofpatients experienced either grade 3 0r 4

adverse events. Data do not exist on the eflicacy and safety oflower Revlimid

doses. Approval ofa drug is contingent upon being able to write adequate

product labeling, requiring a recommended dose and characterization ofa safety

profile. Do the data provided in this single-arm trial provide a basisfor a

recommended dose and adequate description ofa safety profile?

Response : Yes: 2
‘ No: 13

3. Please characterize the magnitude ofRevlimid ’s benefit and risk in the

indication being sought. After this characterization, does this risk/benefit

analysis warrant approval?

Response .' Yes: 10
No: 5

8.6 Literature Review

The following is a literature review done by the FDA efficacy reviewer.

The incidence of myelodysplastic syndromes (MDS) is about 2 cases per 100,000 people per

year, with 30 cases per 100,000 people per year in patients >70 years old. At least 10,000 new

cases are diagnosed annually in the United States. The overall incidence of MDS is slightly
higher in males than in females (1 .5—2.0:1). MDS is a disease associated with age, with a median

age at diagnosis of about 70 years. MDS is rare in children. Nearly 50% of patients with MDS

are asymptomatic at the time of initial diagnosis. Signs and symptoms relate to hematopoietic

failure, leading to anemia, thrombocytopenia or leucopenia. Infections and bleeding
manifestations also occur.

The vast majority of MDS cases (80—90%) occur de novo, whereas 10—20% is secondary.

Exposure to radiation and/or cytotoxic agents is a recognized etiologic factor in secondary

disease forms. Cumulative exposure to environmental toxins, genetic differences in leukemogen

susceptibility and metabolism, and genomic senescence may contribute to disease pathogenesis

in de novo cases. Exposure to benzene and its derivatives results in karyotypic abnormalities

often seen in MDS. Therapy related myelodysplasias are recognized long-term complications of

cancer therapy and radiation therapy which usually develops 3-7 years after exposure and is most

frequently related to complete or partial loss of chromosome 7. Exposure is usually to alkylating

agents or nitrosoureas. Autologous bone marrow transplantation has also been associated with a
risk of MDS-
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The French-American-British (FAB) group proposed a classification system for MDS that

consists of 5 subgroups, based on the percentage of blast cells in the peripheral blood and bone

marrow, presence of ringed sideroblasts in the bone marrow, and monocyte count in the

peripheral blood. The 5 subgroups are refractory anemia (RA), refractory anemia with ringed

sideroblasts (RARS), refractory anemia with excess of blasts (RAEB), refractory anemia with

excess of blasts in transformation (RAEB-t) and chronic myelomonocytic leukemia (CMML).

Subsequently, the new WHO classification was proposed which omitted RAEB-t and

recommended that all patients that have > 20% blast count in the bone marrow be diagnosed as

having acute myeloid leukemia (AML) (6).

Clonal cytogenetic abnormalities are found at diagnosis in 50—60% of patients with de novo

MDS and 75—85% of secondary MDS. Common cytogenetic abnormalities are deletion of the
long arm of chromosome 5 (5q—), monosomy of chromosome 7, trisomy of chromosome 8,

deletion of the long arm of chromosome 5 (20q-) and loss of Y chromosome. The karyotype is

one of the most significant prognostic markers in MDS. Steidl et al conducted a retrospective

analysis in 529 patients with MDS to address the question of how many metaphases need to be

analyzed to detect even small cell clones (5). They found a statistically significant difference of

the frequency of normal karyotypes in the patient group with 19 or less analyzed metaphases

compared to the group with 20 or more metaphases analyzed (56% versus 47%, p = 0.041). It

was also shown that especially when less than 15 metaphases are analyzed the frequency of

abnormal karyotypes declines dramatically. It has been shown that the karyotype alone is a

strong and independent predictor for outcome defined by mean survival times and risk of

transformation to acute leukemia. In a study by Sole et al., patients with normal karyotypes had a

significantly higher mean survival time (4.15 years) in contrast to patients showing abnormal

karyotypes (1.25 years) regardless of the particular aberration (7). Furthermore, detecting

karyotype abnormalities is crucial for follow-up examinations.

The FAB/WHO classification has been used most frequently to evaluate survival and risk for

AML transformation. The WHO classification defines the 5q syndrome as a separate entity (8).

An lntemational MDS Risk Analysis Workshop proposed a system that combines clinical,

morphologic and cytogenetic data to generate a prognostic system called the International

Prognostic Scoring System (IPSS) (9). Scores are noted based on the percentage bone marrow

blasts, karyotype and cytopenias. Based on the scores, 4 risk groups are identified with

distinctive subgroups evolution to AML; low risk, 9.4 years, interrnediate—l, 3.3 years,

intermediate-2, 1.1 years and high risk, 0.2 year. Patients were also separated into distinctive risk

groups for median survival: low risk, 5.7 years, intermediate-1, 3.5 years, intermediate—2, 1.2

years and high risk, 0.4 year.

Allogeneic stem cell transplantation is the only potentially curative therapy but available only to

younger patients (10). Azacitidine was approved by the FDA in 2004 for the treatment of all

subtypes of MDS (11). Therapy includes supportive care that consists of RBC or platelet

transfusions or the use of growth factors (erythropoietin, G—CSF, GM-CSF) (12).
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The Sq- Syndrome

The 5q— syndrome is a distinct hematological disorder with typical laboratory, morphological,

cytogenetic, molecular, and prognostic features. It is defined as a myelodysplastic syndrome with

a medullary blast count <5% and an isolated interstitial deletion of the long arm of chromosome

5, including bands q3 l—q33.

Giagounidis et al. analyzed data in 60 patients with the Sq- syndrome as defined by WHO
followed over a period ofup to 28 years (13). There was a female preponderance with a male to

female ratio of 1115. Median age was 66.8 years (range, 32 — 83 years). Most patients

eventually become transfusion dependent. The time between diagnosis and first transfusion

varied between a few months and several years. Anemia is usually macrocytic and combined

with low reticulocyte counts and high erythropoietin levels. Most of the patients present with

refractory anemia, but refractory anemia with ringed sideroblasts also occur. Three types of

cytogenetic deletion are most prevalent: del (5) (ql3q33‘), del (5) (ql3q3 1) and del (5) (q22q33).

The molecular basis of this disease has not yet been fully elucidated, but there is evidence that a

commonly deleted region of 1.5 Mb harbors one or several tumor suppressor genes, the loss of

which is the basic event leading to disease activity. The 5q deletion has been demonstrated in

very early hematopoietic precursors, including CD34+ CD133+ and CD34+CD38-Thyl-l- cells.

The median prospective survival was 107 months for a median follow-up of 53 months, and a

low probability (10%) of transformation to AML. An increase of the medullary blast count to

25% or the addition of one karyotypic anomaly severely reduced median overall survival (23 to

47 months). Development of leukemia accounted for 25% of deaths. Other causes of death were

heart failure, bleeding and infection. Data of 76 consecutive patients with myelodysplastic

syndrome (MDS) and isolated del (5q) (n=66) or del(5q) plus one additional chromosomal

abnormality (n=10) were reported (14). The projected median survival ofpatients with isolated
del (5q) was 146 months for a median follow—up of 67 months. Patients with an increased

medullary blast count and those with an additional chromosomal abnormality have a

significantly shorter overall survival (24 and 45 months, respectively) than patients with isolated

del (5q). Deaths occurred primarily due to transformation into acute leukemia, infection, or
- cardiac failure.

Patients with del (5q) as the sole karyotypic abnormality have previously been well defined as

having a relatively good prognosis, whereas poor prognoses were found when it was combined
with other anomalies (9). Treatments with a variety of agents have met with poor success. Not

every patient with 5q— has the syndrome with 5q deletion as the sole karyotypic abnormality and

its associated good prognosis.

8.7 Postmarketing Risk Management Plan

The sponsor proposed the RevAssist® program to the FDA for use with lenalidomide. This
program will be for minimization of fetal exposure and the management ofpotential cytopenias.

Pregnancy tests will be done prior to each prescription in women of child—bearing age.
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The distribution of lenalidomide will be limited through multiple specialty pharmacies. The

specialty pharmacies will be required to contact patients who have been prescribed lenalidomide

prior to shipping the prescription. During this phone contact, patients will be educated on the

unknown potential risk of exposure to a human fetus, the signs and symptoms of cytopenias, and
the need for routine blood tests.

RevieWer’s Comment:

1. Since lenalidomide is a thalidomide analogue and due to the inadequacy ofthe

reproductive safety assessment, FDA has a concern regarding the risk ofteratogenicity

and the potentialfetal exposure to lenalidomide. An adequate toxicology study is

necessary to determine whether or not lenalidomide is teratogenic. Until the results of

the Toxicology study are known, a risk management plan such as the S. T.E.P.S. program

for thalidomide should be implemented

2. The high incidence ofneutropenias and thrombocytopenias necessitating dose

modifications is also ofconcern. Risk management should include close monitoring of.

cytopenias. '

8.8 Other Relevant Materials

N/A

APPEARS THIS WAY

ON ORiGIMAL

134



Clinical Review

N2 l 438044000
Revlimid‘E/Lenalidomide  

9 OVERALL ASSESSMENT

9.1 Conclusions

The NBA submission consisted of two single—arm, phase 2 clinical studies relevant to the

proposed indication, one very small. The patient population consisted of patients with

transfusion-dependent anemia due to low or intermediate—l risk MDS associated with del 5q

cytogenetic abnormalities with or without additional cytogenetic abnormalities. The transfusion

entry criterion is based on the RBC units transfused in the 8 weeks prior to start of study drug.

The median number units of RBC transfused was six. The main study enrolled 148 patients using

oral lenalidomide as a single agent given in 2 dose regimens, 10 mg daily or 10 mg for 21 days

in a 28-day cycle. '

The primary endpoint was the determination of RBC transfiision independence. A rolling 56 day

(8 week) transfusion free period was used for transfusion independence response. The RBC

transfusion independence response of 67% (99/148) was seen with 2 1.0 g/dL increase in

hemoglobin. These responses lasted for a minimum of 8 weeks with a median duration of

transfusion independence in responders was 52 weeks. Major cytogenetic responses were seen

in 43% (52/ 120) patients in whom follow-up bone marrows were present. The study was not

designed or powered to prospectively compare the efficacy of the 2 lenalidomide dosing

regimens.

The supportive study had 10 evaluable patients supporting the proposed indication.

FDA performed an analysis in those patients who met the major eligibility criteria. Ninety six

patients had transfusion—dependent anemia due to a diagnosis of low or interrnediate—l risk MDS
associated with 3 del 5q chromosomal abnormality with or without additional cytogenetic .

abnormalities. The results were consistent with the ITT population.

The demonstration of the clinical benefit of RBC transfusion independence, although substantial,

is based mainly on one single-arm, multicenter trial. A randomized controlled trial is ongoing at

present and the sponsor has a Phase IV commitment.

All MDS patients, those with 5q deletion (del 5g) and those without 5q deletion (non—del 51]),

had adverse events during treatment with lenalidomide. In absence of a best supportive care

control arm, it is not possible to assign adverse events to lenalidomide instead of MDS. The most

common reported adverse events were neutropenia and thrombocytopenia. They were also the

most common grade 3 or 4 adverse events, the most common serious adverse events (except for

pneumonia), the most common events leading to discontinuations from studies, and the most

common events leading to dose interruptions and dose reductions. Less frequently reported were

rashes, infectious events, fatigue, bleeding events, gastrointestinal events, and others. A very

high percentage (about 80%) of patients reported grade 3 or 4 events. There was a markedly

different adverse event profile in the del 5q population from that in non-del 5q population. The

del 5q patients had approximately twice as high frequencies of neutropenia and of

thrombocytopenia (all grades and grades 3 — 4 in both cases), a one—third higher frequency of
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infections, and higher incidences of bleeding and of venous thromboembolism than non—del 5q
patients.

The increased sensitivity to lenalidomide in the del 5q population may account for the much

greater need for dose reductions and dose interruption of the 10 mg/day starting dose

(administered by either of the two schedules) in the del 5q population compared to non—del 5q

population (80% of patients vs. 47% of patients). These data suggest that the starting dose of

lenalidomide is too high for the del 5q population, and that carefiil monitoring is required for
dose adjustment. Because neutropenia and thrombocytopenia can occur rapidly and

unpredictably in some cases, and because the rate of recovery can be delayed, lenalidomide

should be administered only during the period during which it maintains patients free of

transfusions. In cases of patients who do not respond to lenalidomide treatment, the treatment

should be discontinued once a response is unlikely to occur (about 16 weeks).

Patients with renal impairment were excluded from the studies. BeCause lenalidomide is mainly

excreted by the kidney, renal function should be carefully monitored to avoid excess toxicity.

Until definitive toxicology studies have determined that lenalidomide, unlike thalidomide, does

not pose risk as a human teratogen, the S.T.E.P.S.program should be implemented.

The benefit vs. risk profile of lenalidomide treatment in the dc] Sq population is substantial; the
incidence of severe adverse events, some life—threatening, is high. Therefore, a balanced medical

evaluation is required before prescribing lenalidomide followed by careful monitoring and dose
adjustment.

A Black Box Warning should be placed in the label to include the unknown pregnancy risk and
the recommendation to prevent fetal exposure and should also include weekly monitoring of
neutropenias and thrombocytopenias. '

9.2 Recommendation on RegulatoryvAction

Lenalidomide (Revlimid®) should receive regular approval for the treatment ofpatients with
transfusion dependent anemia due to low or intermediate—1 risk myelodysplastic syndromes

(MDS) associated with a deletion Sq cytogenetic abnormality with or without additional
cytogenetic abnormalities-

Lenalidomide was brought before the Oncology Drug Advisory Committee on Sept 14, 2005.
The ODAC committee agreed that the benefit versus risk analysis warranted approval.

9.3 Recommendation on Postmarketing Actions

9.3.1 Risk Management Activity

Due to the inadequacy of the reproductive safety assessment, FDA has a concern regarding the

risk of teratogenicity and the potential fetal exposure to lenalidomide. Of concern is also the
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high incidence and dose modification due to neutropenias and thrombocytopenias. The sponsor
should implement a risk management activity similar to the S.T.E.P.S. program until toxicology
studies determine that lenalidomide is not a teratogen in species that predict human

teratogenicity.

A Black Box Warning should be placed in the label to include the unknown pregnancy risk and

the recommendation to prevent fetal exposure and should also include weekly monitoring of

neutropenias and thrombocytopenias.

9.3.2 Required Phase 4 Commitments

Not applicable.

9.3.3 Other Phase 4 Requests

Celgene has a planned phase 3 study ongoing in Europe in MDS patients with a 5q deletion. It is
a randomized, double—blind, placebo-controlled 3—arm study evaluating a lower dose of 5 mg

daily versus 10 mg syncopated. The primary endpoint is RBC transfusion independence for 226
weeks. At the time of the advisory committee meeting, 20 patients had been enrolled.

The safety of lenalidomide in patients with renal impairment should be determined.

Reproductive safety assessments in this drug was inadequate as reviewed by the
Pharmacology/toxicology team. Celgene is required to conduct further tests to adequately assess

the risk of teratogenicity.

9.4 Labeling Review

In process.

9.5 Comments to Applicant

In process.

APPEARS Wis WAY
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10 APPENDICES _

10.1 Review of Individual Study Reports: Study CC—5013-MDS-002

10.1.1 Study Design

This study was a multi—center, single—arm, open—label study of oral CC-5013 monotherapy

administered at a dose of 10 mg daily on Days 1— 28 every 28 days (28— day cycles) to RBC

transfusion— dependent subjects with low or intermediate-l risk MDS who do not have a del

(5q3 l- 33) cytogenetic abnormality.

- Protocol Title: A multi— center, single- arm, open— label study of the efficacy and safety of cc-

5013 monotherapy in red blood cell (RBC) transfiision—dependent subjects with myelodysplastic

syndromes.

Study Objectives

Primary: To evaluate the efficacy of CC-5013 treatments to achieve hematopoietic improvement

in subjects with low or intermediate-l risk International Prognostic Scoring System (IPSS)

myelodysplastic syndromes (MDS) who do not have a del ( 5q31- 33) cytogenetic abnormality.

Secondary: To evaluate the safety of CC- 5013 treatments in subjects with low or intermediate— 1

. risk myelodysplastic syndromes who do not have a del (5q31—33) cytogenetic abnormality.

Central laboratory or local laboratory assessments were used to determine subject eligibility

during screening. Local bone marrow and cytogenetic assessments determined subject eligibility

during screening.

Bone marrow biopsy/ aspirate, peripheral blood smear slides and pathology reports from all

subjects were sent to an independent hematologic reviewer for pathologic review. All screening/

baseline bone marrow, peripheral blood smear slides, and pathology reports were reviewed to

confirm the diagnosis of MDS, and the French—British—American (FAB) classification of MDS

subtype. On-study and discontinuation bone marrow biopsy/ aspirate, peripheral blood smear

slides and pathology reports from subjects who achieve any MDS response were reviewed for

bone marrow response by the independent hematologic reviewer. This review was not required

to define eligibility during the screening period for individual subjects.

Copies of cytogenetic reports and glossy prints from all subjects were sent to an independent

reviewer for cytogenetic review. All screening/baseline cytogenetic reports and glossy prints

were reviewed to confirm cytogenetic eligibility. On—study and discontinuation cytogenetics

from all subjects were reviewed for cytogenetic response by the independent cytogenetic

reviewer. This review was not required to define eligibility during the screening period for

individual subjects.
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A data monitoring committee (DMC) that comprised a statistician, safety monitor, and clinician

from Celgene Corporation as well as an external central hematologic reviewer, reviewed ongoing

safety and efficacy data to assess benefit—to—risk considerations throughout the study.

Study Endpoints

Response endpoints are based on [WG Criteria:

Primary: RBC transfusion independence

Secondary endpoints included >50 % decrease in RBC transfusion requirements; Change of

hemoglobin‘concentration from baseline; Safety (type, frequency, severity, and relationship of

adverse events to CC— 5013); Platelet response; Neutrophil response ; Bone marrow response;

Cytogenetic response; Duration of response.

Dosing Regimens: Oral CC— 5013 10 mg (two 5 mg capsules) daily on Days 1— 28 every 28 days

for up to 24 cycles. Subjects who have been started on the syncopated regimen (Days 1— 21 every

28 days) and have not experienced dose—limiting toxicity may be switched to an every day dose

of 10 mg.

Study Population
Inclusion Criteria:

1. Must understand and voluntarily sign an informed consent form.

2. Age 2 18 years at the time of signing the informed consent form.

3. Must be able to adhere to the study visit schedule and other protOcol requirements.

4. Diagnosis of low orintermediate—l risk IPSS MDS without an abnormality of
chromosome 5 involving a deletion between bands q31 and q33.

5. Red blood cell (RBC) transfusion—dependent anemia defined as having received 2 2 units

of RBCs within 8 weeks of the first day of study drug treatment.

6. Eastern Cooperative Oncology Group (ECOG) (Appendix IV) performance status score
of 0, 1, or 2. _

7. Women ofchildbearing potential ( WCBP) must have a negative serum or urine

pregnancy test within 7 days of starting study drug. In addition, sexually active WCBP

must agree to use adequate contraceptive methods (oral, injectable, or implantable

hormonal contraceptive; tubal ligation; intra—uterine device; barrier contraceptive with '

spermicide; or vasectomized partner) while on study drug. WCBP must agree to have

pregnancy tests every 4 weeks while on study drug.

Exclusion Criteria:

1. Any serious medical condition, laboratory abnormality, or psychiatric illness that would

prevent the subject from signing the informed consent form or that will place the subject

at unacceptable risk if he/ she were to participate in the study or confound the ability to
interpret the data.

Pregnant or lactating females.

Prior therapy with CC— 5013.

Inability to aspirate bone marrow (dry tap).

Proliferative (WBC 2 12,000/ uL) chronic myelomonocytic leukemia (CMML).

An abnormality of chromosome 5 involving a deletion between bands q3l and q33.

aweww
139



Clinical Review
N21 -880/N000

Revlimid®/Lenalidomide 

7. Any of the following lab abnormalities:

0 Absolute neutrophil count (ANC) <500 cells/ mm3 (0.5 x 109/L).
0 Platelet count <50,000/ mm3 (50 x 109/ L).

0 Serum creatinine >2.5 mg/dL (221 umol/ L).

0 Serum SGOT/ AST or SGPT/ ALT >3.0 x upper limit of normal (ULN).

0 Serum direct bilirubin >2.0 mg/dL (34 umol/ L).

8. Prior >grade 3 National Cancer Institute (NCI) Common Toxicity Criteria (CTC) allergic

reaction/hypersensitivity to thalidomide.

9. Prior'Zgrade 3 NCI CTC rash or any desquamation (blistering) while taking thalidomide.

10. Clinically significant anemia due to factors such as iron, B 12 or folate deficiencies,

autoimmune or hereditary hemolysis or gastrointestinal bleeding (if a marrow aspirate is

not evaluable for storage iron, transferrin saturation must be >20 % and serum ferritin not

less than 50ng/mL).

l 1. Use of hematopoietic growth factors within 7 days of the first day of study drug
treatment.

12. Chronic use (>2 weeks) of greater than physiologic doses of a corticosteroids agent dose

equivalent to >10 mg/day of prednisone) within 28 days of the first day of study drug
treatment.

13. Use of experimental or standard drugs (1. e. chemotherapeutic, immunosuppressive, and

cytoprotective agents) for the treatment of MDS within 28 days of the first day of study

drug treatment.

14. Prior history of malignancy other than MDS (except basal cell or squamous cell
carcinoma or carcinoma in situ of the cervix or breast) unless the subject has been free of

disease for 23 years.

15. Use of any other experimental therapy within 28 days of the first day of study drug
treatment. '

The sample size was based on a single-stage design to test the null hypothesis that the true

RBC transfusion- independent rate in low or interrnediate—l risk MDS subjects without a del

(5q31— 33) cytogenetic abnormality was 515% versus the alternative hypothesis that the true

rate is 225%. The sample size and corresponding decision rule were selected so that the

probability of rejecting the null hypothesis is less than 0.025 if the null hypothesis is true and

the probability of rejecting the alternative hypothesis is less than 0.20 if the alternative

hypothesis is true. This criterion requires that the two—sided 95% confidence interval (normal

approximation) for the percentage of subjects who become RBC transfusion— independent

during the study lies above 15%. A sample size of 114 evaluable subjects is sufficient to

meet these requirements. If it is assumed that 20% of the subjects are not evaluable then the

total sample size becomes 136 subjects.

Primary efficacy analyses will be performed on the modified intent—to—treat population that.

includes all subjects with a confirmed diagnosis of MDS, who have documented need for

transfusions during the baseline period and who took study medication.

Kaplan—Meier estimates will be provided for the duration of response.
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Adverse events, vital sign measurements, clinical laboratory information, concomitant

_ medications, and ECG interpretations, will be tabulated and summarized. All toxicities will
be summarized by frequency, severity grade based on the NCI CTC and relationship to study

drug.

Amendments

Amendment #1(September 12, 2003)

increased the treatment period from 6 cycles to 24 cycles; changed the dosing regimen from

10 mg daily on days 1-21 (syncopated dose) to 10 mg daily on days 1—28; changed to allow

use of local cytogenetic testing results; added a central cytogenetic reviewer; excluded

subjects from whom a bone marrow aspirate cannot be obtained (dry tap) at screening /

baseline; excluded subjects with proliferative (WBC 2 12,000/ uL) CMML; changed

exclusion criteria for bilirubin from total to direct; modified platelet count requirement for re—

starting study drug following an interruption due to thrombocytopenia from 250,000/uL to 2

30,000/uL (without evidence of hemostatic failure); changed dose modification for

hyperthyroidism/hypothyroidism from interrupt the dose and contact Celgene to omit CC—

5013 for the remainder of the cycle, assess etiology, initiate appropriate therapy, and re- start

at the next cycle and the next lower dose level; added interim data monitoring plan; modified

the “Modified Intent to Treat Population” to include “ received at least two transfusions in

each of the eight week periods during the 16 week pre—treatment period (in addition, subjects

must not have been transfusion- free for any 56 consecutive days during the 16 week pre—

treatment period”).

Amendment #2 (January 13, 2004)

added the requirement to perform a complete blood cell count (CBC) weekly during the first

8 weeks of therapy to monitor for early hematologic AEs; provided additional dose

modification guidelines for neutropenia and thrombocytopenia that occurred during the first

4 weeks of therapy; clarified the procedures for the central cytogenetic review; expanded the

secondary efficacy measures to include the change from baseline in Hgb concentration; and

allowed the use of a value from a local laboratory if the value from the central laboratory was

missing or invalid. _ ‘ ‘

Reviewer ’s Comment: _
I. There was no protocol amendment submitted to the FDA when the number ofpatients in

the study was increasedfrom 136 to 215. There was no modified statistical analysis plan

and statistical methodsfor the increase in the sample size. V

10.1.2 Datasets Analyzed

The sponsor analyzed data in the MITT population (i.e., those subjects with low or intermediate-

] riSk MDS without 3 del Sq cytogenetic abnormality, as confirmed by Central Review, and for

whom documented evidence existed that there was no 56—day, RBC transfusion-free period

during the immediate 16 weeks prior to the start of study therapy) and the per—protocol and

efficacy evaluable population.
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FDA reviewed the data in the ITT population. The table below summarizes the number of

subjects who were included in the efficacy analyses.

Table 69 Population Analyses (Applicant’s Table)

  
   

10mg Cont. 10mg Sync. Overall
alysis Populations n (%) n (%) n (%)

Intent—to—treat (ITTHal 10-3 (100.0) 115 (100.0) 215 (100.0)
Safety [b] 100 (100.01 115 (100.0) 215 (100.0!

 
  

      
  
  

 
Per Protocol lPP)[C] 77 i 77.0) 39 i 77.4) 166 ( 77.2)
Modified intent-to—treat (MITT}[d] 55 i 55.0) 63 i 54.8) 118 ( 54.9}

 Efficacy Evaluable (EEl[e] 26 i 26.0) 55 i 48.7) 82 ( 38.1)
Data Source: Tabie 24.1.1

[a] The ITT population includes all enrolled subjects.
[b] The safety population includes all subjects who took at least one dose of study drug.
[c] The PP population includes all safety subjects who were confirmed by central

reviewers to have a diagnosis of low— or intermediate—1 risk MDS associated with a
del i5q31-33) cytogenetic abnormality and who received at least 2 units of PRBC
transfusion during the 56 days prior to starting study medication. .

[d] The MITT population includes all PP subjects who received at least two transfusions
in each of the eight week periods during the 16 week pre—treatment period and were
not transfusion—free for any 56 consecutive days during the 16 week pre—treatment
period.

{e} The EE population includes all MITT subjects who were in the study for at least 168
days or discontinued for any reason. .

 

Source: CC—5013-MDS—002, Table 13

10.1.3 Demographic and Baseline Disease Characteristics

FDA agreed with the sponsor’s ITT analysis. FDA noted that there were 2 patients (Patient ID
0312006 and 0392003) who had a karyotypic analysis with Sq deletion, one associated with

other abnormalities. Of these, one patient was on the 10 mg syncopated dose and the other on
the 10 mg continuous dose. There was no diagnosis of MDS in the patient 0392003 and there
was no lPSS risk category assigned.

Table 70 Demographics and Baseline Disease Characteristics ITT Population (Applicant’s Table)
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Source: CC—5013LMDs—002, Table 14.1.4.1

10.1.4 Primary Efficacy Analysis

RBC Transfusion Independence

The RBC transfusion independence rate was 21.4% (46/215) in the ITT population.

FDA observed that among the 2 patients with the Sq deletion karyotype, one achieved a major

response while the other had no response.

Among the responders, patient 0242018 did not have a transfusion history; patient 0102001 did

not have an lPSS classification or a diagnosis of MDS at baseline and 0152005 did not have a
classification of lPSS.
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Table 7] Transfusion Independence ITT Population (Applicant’s Table)

 

IPSS Risk
Categorylz]
at Baseline Statistic 10mg Cent. 10mg Sync. Overall  

Overall Number of Subjects 100 11
Numb-er Transfusion Independent 18 2
it Transfusion Independent -’ 19...“): 4
Exact 95% CI 11."< l m “— ._. (h__ 'i'.5l a)

Lewint-l Number of Subjects 7
Number Transfusion Independent
% Transfusion Independent
Exact 95% CI   m ,_. v.“ls; u w—— w 

Low Number of Subjects 4') 5
- Number Transfusion Independent 10 15

% Transfusion Independent 1. 25.0} -. 28
Exact 95% CI 12.7, 41.2 16.3.

Int—1 Number of Subjects 3
Number Transfusion Independent 7
% Transfusion Independent 1, 13.
Exact 95% CI 21.3, 35.2 17.0, 47.

  
.n

Int-2+High Number of Subjects 2
Number Transfusion Independent 0
2 Transfusion Independent 1' C
Exact 95% CI G.{} 34.2

   
c9.-.

Int—2 Number of Subjects 2
Number Transfusion Independent 0
“s Transfusion Independent ’. 0
Exact 95% CI [

 
 r; <z a: .n. m <2

High Number of Subjects 2 2
Number Transfusion Independent 0 C: 0
5: Transfusion Independent 0.0} l (Lei
Exact 95's CI [ 3-1.2]r> c; as .b. n o n

 

[1] The absence of the intravenous infusion of any REC transfusion during any consecutive rolling 56 days during the treatment period
and an increase in hemoglobin of at least 1 gidL from the minimum during the screening/baseline period to the maximum during the
transfusion—independent period, excluding the first' 30 days after the. last transfusion before the transfusicn- free. period

[2] IPSS Fisk Category: Low {combined score = CI), Intermediate-1 icomb-ined score = 0,5 to 1.0}. Intermediate-2 {combined score = 1.5
to 2.-.-I:-, High {combined score >= 2.5}; Cembined score = (Marrow blast score + Karyctype score + Cj-topenia score'i

Program path: \‘isasdbvm‘zdata‘xprdiProjects\CC-SGl3\Ci?»S-313-MDS-002\programs‘itab1es‘atransind-itt.sas

 
 

Source: CC—5013—MDS-002, Table 14.2.1.1

10.1.5 Secondary Efficacy Analysis

Duration of Response

Of the 46 subjects in the ITT population who achieved RBC transfiision independence, 33

(71.7%) remained transfusion independent, and 13 (28.3%) had relapsed (i.e., required a

transfusion after a response). The median duration of RBC transfusion independence has not

been reached for the 46 responders in the ITT population; hOWCVer, the duration of RBC—

transfusion independence was at least 16 weeks in 32 of the responders in the ITT population.
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The table below provides a categorization of the duration of response observed prior to 15 June
2004, together with means and medians fOr the duration of response observed by the 15 June
2004 cutoff (and not taking censoring into account, i.e., for subjects still responding, the duration
of response was measured to the date that the last transfiision history was obtained or 15 June
2004 whichever was earlier). These represent the lowest outcome estimates that would be

obtained if all subjects required a transfusion immediately after the last transfiision history was
obtained (or 15 June 2004).

Table 72 Duration of Response ITT Population (Applicant’s Table)

   Swazi-3r; of txanstusic-n independence response Weeks?
 

Kapiamhfleze: GE‘LEEECQE

   Subjeus who proq
Subjects who  

 "‘id‘l“ :«2 interval

Sumanr 5:33:15: ics
Mean , 3SB
:é’édi
Min. Hal:

  

. 1535?. ii weeks

,...H Adooelqgssodiseg    

 

 

 
Source: CC-50l3—MDS—002, Table 14.2.3.1

Change in Hemoglobin from Baseline to Maximum Value during Response Period

The median increase in hemoglobin (Hgb) level from baseline to maximum Hgb level during
REC-transfusion independence was 3.0 g/dL (range, 1.0—8.3 g/dL) for the 46 responders in the
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ITT population. The table below summarizes the change from baseline in Hgb for the patients in
the ITT population who became RBC transfusion independent.

Table 73 Change from Baseline in Hgb for Patients who became RBC Transfusion Independent ITT
Population

  
ate : 62E32055
 

Source: CC—5013-MDS-002, Table l4.2.4.l

Decrease of >50% in RBC Transfusion Reguirements

Overall, 37.7% (81/215) of the subjects in the ITT population achieved a 250% decrease in their

pretreatment RBC transfusion requirements during lenalidomide therapy. The table below
summarizes the frequency of subjects in the ITT population who achieved a 250% decrease in
RBC transfusions.

Table 74 Patients with Z 50% Decrease in RBC Transfusions ITT Population (Applicant’s Table)
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Platelet Response, Neutrophil Response, Cytogenetic Response and Bone Marrow Effects

The major platelet response rate was 8.0% (4/50) among the evaluable subjects in the ITT

population. No major or minor neutrophil responses were observed among the evaluable

subjects in the ITT population.

Adequate standard cytogenetic studies (at least 20 evaluable metaphases) of the MDS clone were

available for Central Review at baseline for 178 (82.8%) of 215 subjects (studies were

inadequate in 31 cases and missing in 6 cases). Among the 178 subjects who had evaluable

baseline cytogenetic studies, 137 (77%) had an MDS clone with a normal karyotype and 41

(23%) had an MDS clone with an abnormal karyotype. The abnormal karyotypes included the

following cytogenetic abnormalities: 1) trisomy 8 (n= 9); 2) — Y (n= 8); 3) del 20q (n= 6); 4) del

7 (n= 3); 5) trisomy 19 (n= 2); 6) del 11q(n= 1); 7) del 17p (n= 1); 8) del Sq (n= 1); 9) Inv 5

(n= 1); 10) + X (n= 1); 11) intermediate. abnormalities (2 cytogenetic abnormalities) (n= 7); and

12) complex abnormalities (23 cytogenetic abnormalities) (n= 1). 1n the ITT population, major

cytogenetic responses were observed in 4 and minor cytogenetic responses were observed in 4 of

the 70 subjects who were evaluable for cytogenetic response.

148



Clinical Review

N2 l ~880/INOOO
Revlimid’l/Lenalidomide   

No morphologic or pathologic complete responses were observed among the 82 subjects who
had adequate baseline and follow—up bone marrow aspirates.

The table below summarizes the platelet, neutrophil and cytogenetic responses in the ITT

population.

Table 75 Patients with Platelet, Neutrophil and Cytogenetic responses ITT population (Applicant’s Table) _

 

 

 

10mg Cont. 16mg Syn-2. Overall

Secondary Eespanse
Efficacy Category ll N N
Endpoint [1] {2] n %‘ [EA 955. CI] [2] n is) [EXL 95% CI] [2] n {9.) {E}; 95% CI]

Platelet Eespcnse Maj-3r 23 3 [ 2 B, 33.5] 27 .1, 19 0] SC 4 [ 2.2, 19.2]
Hiner 0 -. [l‘ 3, 14.31 .G, 12.8] D _ -'= [0.0, 7.1]
None '20 i 46 i 92 0‘

Neutrophil Response Major 15 1 ' 6.3. l 0.2, 30.2) 21 .9. 16.1] 37‘ l ( 2 7} [ 0-L 14.2]Min-31' I} 0.02 [0.0, 29.6} G 16.1] 0 l 6.0} [0 " 9 5]
None 15 93.8} 35 i 97.3}

Cg’tcgenetic Eespcnse Major 26 3 10.2] 44 .1, 12.0] ’0 4 5.7 I 1.5, 1-1.0] 'Minor 4 i 34.9] .G, 8 0] 4 5.7 [1.5, 14.0]
Til-fine 19 8-9.4] .9, 99.9] 62 88.51 [75.7, 94.9

 

 
 

 

 

 
 

Source: CC-SOl3-MDS-002, Table 14.2.6.1

10.1.6 Efficacy Conclusions
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Lenalidomide achieves RBC— transfusion independence in subjects with low or intermediate-l

risk MDS without a dc] 5 cytogenetic abnormality in 21.4% (46/215) patients in the ITT

population.

Lenalidomide—induced RBC transfilsion independence was associated with a median increase

from baseline in blood Hgb concentration of 3.0 g/dL in the responders in the ITT population.
The median duration of transfusion. independence has not been reached. As of the data cutoff

date, the duration of RBC— transfusion independence is at least 16 weeks in 32 subjects in the

ITT population.

Lenalidomide therapy resulted in a 250% decrease from pretreatment in RBC transfusion

requirements in 37.7% of the subjects in the ITT population. These included the transfilsion-

independence responses.
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Reviewer ’s Comments:

1. This study is not relevant to the proposed indication but serves as a referencefor MDS

patients without the 5q deletion. RBC transfusion independence responses and major
cytogenetic responses are lower than in the MDS patients with a 5g deletion.

10.2 Line—by-Line Labeling Review.

In process.
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