CENTER FOR DRUG EVALUATION AND
| RESEARCH

APPLICATION NUMBER:
21-588 / S-011, 012, 013, 014, 017

CONTENTS

Reviews / Information Included in this NDA Review.

Approval Letter X

Other Action Letters

Labeling

e | A

Summary Review

Officer/Employee List

Office Director Memo

Cross Discipline Team Leader Review

Medical Review(s)

o4 | A

Chemistry Review(s)

Environmental Assessment

Pharmacology Review(s)

Statistical Review(s) X

Microbiology Review(s)

Clinical Pharmacology/Biopharmaceutics Review(s)

lie

Other Reviews

Risk Assessment and Risk Mitigation Review(s)

Proprietary Name Review(s)

Administrative/Correspondence Document(s) X




CENTER FOR DRUG EVALUATION AND RESEARCH

Approval Package for:

APPLICATION NUMBER:

21-588 / S-011, 012, 013, 014, 017

Trade Name:

Generic Name:

Sponsor:

Approval Date:

Indications:

Gleevec
Imatinib mesylate
Novartis Pharmaceutical Corporation

October 19, 2006

For the treatment of:

S011 - adult dermafibrosarcoma protuberans (DFSP);
S012 - adult myelodysplastic syndrome /
myeloproliferative diseases (MDS/MPD);

S013 - adult Ph+ acute lymphoblastic leukemia
(ALL) Monotherapy;

S014 - adult aggressive systemic mastocytosis
(ASM);

S017 - adult hypereosinophilic syndrome/chronic
eosinophilic leukemia (HES/CEL).



CENTER FOR DRUG EVALUATION AND
RESEARCH

APPLICATION NUMBER:
21-588 / S-011, 012, 013, 014, 017

APPROVAL LETTER




" svices

%,
\\‘

TEAL
o frf,,

_{ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Rockville, MD 20857

NDA 21-588/S011, S012, SO13, S014, S017

Novartis Pharmaceuticals Corporation
Drug Regulatory Affairs

One Health Plaza, Bldg. 105/Rm. 2W200
East Hanover, NJ 07936-1080

Attention: Joseph Quintavalla
Senior Regulatory Manager Drug Regulatory Affairs

Dear Mr. Quintavalla:
Please refer to your supplemental new drug applications identified below, pursuant to section 505(b)(2)

of the Federal Food, Drug, and Cosmetic Act for Gleevec (imatinib mesylate) Tablets.

SUPP # LETTER DATE RECEIPT DATE PROVIDES FOR THE TREATMENT OF

SO11  December 16,2005 December 19,2005  adult dermafibrosarcoma protuberans (DFSP)

S012  December 16, 2005 December 19,2005  adult myelodysplastic syndrome/myeloprolifera-
tive diseases (MDS/MPD)

SO13  December 20, 2005  December 21, 2005  adult Ph+ acute lymphoblastic leukemia (ALL)

monotherapy
S014 February 28,2006  March 1, 2006 adult aggressive systemic mastocytosis (ASM)

S017 March 28, 2006 March 29, 2006 adult hypereosinophilic syndrome/chronic
: eosinophilic leukemia (HES/CEL)

We acknowledge receipt of your submissions dated January 24, 2006; February 6, 2006; April 7, 10,
2006; May 15, 18, and 24, 2006; and September 25, 2006.

We have completed our review of these supplemental applications, as amended. These supplemental
applications are approved, effective on the date of this letter, for use as recommended in the agreed-
upon labeling text. -

The final printed labeling (FPL) must be identical to the enclosed labeling (text for the package insert)
and/or submitted labeling.

Please submit an electronic version of the FPL according to the guidance for industry titled Providing
Regulatory Submissions in Electronic Format - NDA. Alternatively, you may submit 20 paper copies
of the FPL as soon as it is available but no more than 30 days after it is printed. Individually mount 15
of the copies on heavy weight paper or similar material. For administrative purposes, designate this
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submission FPL for approved supplements NDA 21-588/S011, S012, S013, S014, S017.” Approval
of this submission by FDA is not required before the labeling is used.

Submit content of labeling [21 CFR 601.1 4(b)] in structured product labeling (SPL) format, as
described at http://www.fda.gov/oc/datacouncil/spL.html, that is identical in content to the enclosed
labeling text. Upon receipt and verification, we will transmit that version to the National Library of
Medicine for posting on the DailyMed website.

We remind you of your postmarketing study commitments in your submission dated September 25,
2006 and amended in your e-mail communication of October 13, 2006. These commitments are listed
below.

(for SO12) To meet with the Division and the FDA Center for Devices and Radiological Health
(CDRH) Office of In Vitro Diagnostics within 3 months to discuss the feasibility of a validated
test kit for PDGFR gene rearrangements for patients with MDS/MPD.

2. (for SO14) To meet with the Division and the FDA CDRH Office of In Vitro Diagnostics
within 3 months and propose a plan with timelines thereafter for the development of a validated
test kit for the detection of the D816V c-kit mutation in aggressive systemic mastocytosis.

3. (for SO17) To meet with the Division and FDA CDRH Office of In Vitro Diagnostics within 3
months and propose a plan with timelines thereafter for the development of a validated test kit
for the detection of the FIP 1L1-PDGFR-alpha fusion protein in HES/CEL.

Submit clinical protocols to your IND for this product. Submit nonclinical and chemistry,
manufacturing, and controls protocols and all study final reports to this NDA. In addition, under 21
CFR 314.81(b)(2)(vii) and 314.81(b)(2)(viii), you should include a status summary of each
commitment in your annual report to this NDA. The status summary should include expected
summary completion and final report submission dates, any changes in plans since the last annual
report, and, for clinical studies, number of patients entered into each study. All submissions, including
supplements, relating to these postmarketing study commitments must be prominently labeled
“Postmarketing Study Commitment Protocol”, “Postmarketing Study Commitment Final
Report”, or “Postmarketing Study Commitment Correspondence.”

Open commitments under NDA 21-588:

Prior commitment required for accelerated approval of Gleevec for newly diagnosed pediatric
'CML patients (NDA 21- 588/016 submitted March 27, 2006 and approved September 27,
2006):

1. To [provide] follow up safety and efficacy information for Study 2108. Updated status reports
to be submitted in March 2007 and March 2008. Provision of further long term data will be re-
assessed following the submission of the March 2008 study status report and will depend on the
number of patients still on study at that time.

Prior commitment required for accelerated approval of Gleevec for GIST patients (NDA 21-
335/001 submitted October 15, 2001 and approved February 1, 2002):
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4. Submit data from the two ongoing multicenter trials of imatinib that are testing 400 mg/day
versus 800 mg/day in patients with GIST (EORTC and NCI sponsored trials). Response rate,
duration of response, safety and survival data should be submitted. The data should be
submitted in a timeline consistent with the statistical analysis plan of each respective protocol.

Prior commitment required for accelerated approval of Gleevec for newly diagnosed CML
patients (NDA 21-335/004 submitted June 28, 2002 and approved December 20, 2002):

7. To provide interval follow-up safety and efficacy information on study 106 annually, for three
additional years, and survival data and serious adverse event data thereafter for another three

years. Timeline: First interval report submitted on December 22, 2003 and to be submitted
annually thereafter until January 2009.

We also remind you of your postmarketing commitments which are not a condition of accelerated
approval.

Prior commitments which are not a condition of accelerated approval of Gleevec for CML patients
(NDA 21-335/000 submitted February 1, 2001 and approved May 10, 2001):

11. To conduct the appropriate study to assess the potential drug interaction between Gleevec and a
substrate of CYP2D6 and to submit the final study report.

14. To evaluate the etiology and treatment of the fluid retention syndrome associated with imatinib
treatment. '

We refer to your submission of September 5, 2006 regarding this commitment. This
submission is under review by FDA.

Prior commitment which is not a condition of accelerated approval of Gleevec for GIST patients
(NDA 21-335/001 submitted October 15,2001 and approved February 1, 2002):

15. Submit the PK/PD data from the cbmparison of 400 mg/day versus 800 mg/day in GIST
patients in the two ongoing multicenter trials of imatinib (EORTC and NCI sponsored trials).

Prior commitment which is not a condition of accelerated approval of Gleevec for newly

diagnosed CML patients (NDA 21-335/004 submitted June 28, 2002 and approved December 20,
2002):

18. To conduct a prospective study performed in patients receiving both Gleevec and a potent
CYP3A4 inducer such as phenytoin, phenobarbital, or carbamazepine and submit a final study
report. The purpose of this study is to determine the dose of Gleevec that is necessary to
produce similar AUCs in these patients on enzyme inducers to those achieved in adult patients
receiving the usual recommended dose (400 mg/day). Timeline: Protocol submission June
2003; study start date December 2003; and final report December 2004.

In addition, submit three copies of the introductory promotional materials that you propose to use for
this product. Submit all proposed materials in draft or mock-up form, not final print. Send two copies
of both the promotional materials and the package insert directly to:
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Food and Drug Administration

Center for Drug Evaluation and Research

Division of Drug Marketing, Advertising, and Communications
5901-B Ammendale Road

Beltsville, MD 20705-1266

If you issue a letter communicating important information about this drug product (i.e., a “Dear Health
Care Professional” letter), we request that you submit a copy of the letter to this NDA and a copy to
the following address:

MEDWATCH

Food and Drug Administration
5515 Security Lane

HFD-001, Suite 5100
Rockville, MD 20852

We remind you that you must comply with reporting requirements for an approved NDA (21 CFR
314.80 and 314.81).

If you have any questions, call Dotti Pease, Regulatory Project Manager, at (301) 796-1434.

Sincerely,
{See appended electronic sipnature page}

Robert L. Justice, M.D.

Director

Division of Drug Oncology Products
Office of Oncology Drug Products
Center for Drug Evaluation and Research

Enclosure



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Robert Justice
10/19/2006 05:04:17 PM
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 Gleevec®
(imatinib mesylate)
Tablets
Rx only
Prescribing Information

DESCRIPTION

Gleevec® (imatinib mesylate) film-coated tablets contain imatinib mesylate equivalent to

100 mg or 400 mg of imatinib free base. Imatinib mesylate is designated chemically as 4-[(4-
Methyl-1- plperazmyl)methyl] -N-{4-methyl-3-[[4-(3-pyridinyl)-2-pyrimidinyl]Jamino]-
phenyljbenzamide methanesulfonate and its structural formula is

T”’“

Imatinib mesylate is a white to off-white to brownish or yellowish tinged crystalline
powder. Its molecular formula is C,oH3;N;0 « CH4SO; and its molecular weight is 589.7.
Imatinib mesylate is soluble in aqueous buffers < pH 5.5 but is very slightly soluble to
insoluble in neutral/alkaline aqueous buffers. In non-aqueous solvents, the drug substance is
freely soluble to very slightly soluble in dimethy! sulfoxide, methanol and ethanol, but is
insoluble in n-octanol, acetone and acetonitrile.

Inactive Ingredients: colloidal silicon dioxide (NF); crospovidone (NF);
hydroxypropyl methylcellulose (USP); magnesium stearate (NF); and microcrystalline
cellulose (NF). Tablet coating: ferric oxide, red (NF); ferric oxide, yellow (NF);
hydroxypropyl methylcell ulose (USP); polyethyiene glycol (NF) and talc (USP).



25

26

27
28
29
30
31
32
33

34
35

36
37
38
39

40

41
42
43
44
45
46
47
48
49
50
51

52

53

54
55
56
57
58
59
60

Page 2

CLINICAL PHARMACOLOGY

Mechanism of Action

Imatinib mesylate is a protein-tyrosine kinase inhibitor that inhibits the ber-abl tyrosine
kinase, the constitutive abnormal tyrosine kinase created by the Philadelphia chromosome
abnormality in chronic myeloid leukemia (CML). It inhibits proliferation and induces
apoptosis in ber-abl positive cell lines as well as fresh leukemic cells from Philadelphia
chromosome positive chronic myeloid leukemia. In colony formation assays using ex vivo
peripheral blood and bone marrow samples, imatinib shows inhibition of ber-abl positive
colonies from CML patients.

In vivo, it inhibits tumor growth of ber-abl transfected murine myeloid cells as well as
ber-abl positive leukemia lines derived from CML patients in blast crisis.

Imatinib is also an inhibitor of the receptor tyrosine kinases for platelet-derived
growth factor (PDGF) and stem cell factor (SCF), c-kit, and inhibits PDGF- and

SCF-mediated cellular events. In vitro, imatinib inhibits proliferation and induces apoptosis in

gastrointestinal stromal tumor (GIST) cells, which express an activating c-kit mutation.

Pharmacokinetics

The pharmacokinetics of Gleevec® (imatinib mesylate) have been evaluated in studies in
healthy subjects and in population pharmacokinetic studies in over 900 patients. Imatinib is
well absorbed after oral administration with Crax achieved within 2-4 hours post-dose. Mean
absolute bioavailability is 98%. Following oral administration in healthy volunteers, the
elimination half-lives of imatinib and its major active metabolite, the N-desmethyl derivative,
are approximately 18 and 40 hours, respectively. Mean imatinib AUC increases
proportionally with increasing doses ranging from 25 mg-1,000 mg. There is no significant
change in the pharmacokinetics of imatinib on repeated dosing, and accumulation is 1.5- to
2.5-fold at steady state when Gleevec is dosed once daily. At clinically relevant
concentrations of imatinib, binding to plasma proteins in in vitro experiments is
approximately 95%, mostly to albumin and a,-acid glycoprotein.

The pharmacokinetics of Gleevec are similar in CML and GIST patients.

Metabolism and Elimination

CYP3A4 is the major enzyme responsible for metabolism of imatinib. Other cytochrome P450
enzymes, such as CYP1A2, CYP2D6, CYP2C9, and CYP2C19, play a minor role in its
metabolism. The main circulating active metabolite in humans is the N- -demethylated
piperazine derivative, formed predominantly by CYP3A4. It shows in vitro potency similar to
the parent imatinib. The plasma AUC for this metabolite is about 15% of the AUC for
imatinib. The plasma protein binding of the N-demethylated metabolite CGP71588 is similar

to that of the parent compound.
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61 Elimination is predominately in the feces, mostly as metabolites. Based on the

62  recovery of compound(s) after an oral '*C-labeled dose of imatinib, approximately 81% of the
63  dose was eliminated within 7 days, in feces (68% of dose) and urine (13% of dose).

64  Unchanged imatinib accounted for 25% of the dose (5% urine, 20% feces), the remainder

65  being metabolites.

66 Typically, clearance of imatinib in a 50-year-old patient weighing 50 kg is expected to
67  be 8 L/h, while for a 50-year-old patient weighing 100 kg the clearance will increase to

68 14 L/h. However, the inter-patient variability of 40% in clearance does not warrant initial

69  dose adjustment based on body weight and/or age but indicates the need for close monitoring
70  for treatment-related toxicity.

71  Special Populations

72 . Pediatric: As in adult patients, imatinib was rapidly absorbed after oral administration in

73 pediatric patients, with a Cpax 0f 2-4 hours. Apparent oral clearance was similar to adult

74 wvalues (11.0 L/hr/m? in children vs. 10.0 L/hr/m? in adults), as was the half-life (14.8 hours in
75  children vs. 17.1 hours in adults). Dosing in children at both 260 mg/m* and 340 mg/m”

76  achieved an AUC similar to the 400- mg dose in adults. The comparison of AUC 24y on Day 8
77 vs. Day 1 at 260 mg/m*and 340 mg/m* dose levels revealed a 1.5- and 2.2-fold drug

78  accumulation, respectively, after repeated once-daily dosing. Mean imatinib AUC did not

79  increase proportionally with increasing dose.

80  Hepatic Insufficiency: The effect of hepatic impairment on the pharmacokinetics of both imatinib
81  and its major metabolite, CGP74588, was assessed in 84 cancer patients with varying degrees of

82  hepatic impairment (Table 1) at imatinib doses ranging from 100-800 mg. Exposure to both imatinib
83 and CGP74588 was comparable between each of the mildly and moderately hepatically-impaired
84  groups and the normal group. However, patients with severe hepatic impairment tend to have higher
85  exposure to both imatinib and its metabolite than patients with normal hepatic function. At steady
86  state, the mean Cmax/dose and AUC24/dose for imatinib increased by about 63% and 45%,

87  respectively, in patients with severe hepatic impairment compared to patients with normal hepatic
88  function. The mean Cmax/dose and AUC24/dose for CGP74588 increased by about 56% and 55%,
89  respectively, in patients with severe hepatic impairment compared to patients with normal hepatic
90  function. (See PRECAUTIONS and DOSAGE AND ADMINISTRATION).
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Table 1: Liver Function Classification

Liver Normal Mild Méderate Severe
Function (n=14) (n=30) (n=20) (n=20)

Test

Total < ULN 1.5 ULN >1.5-3x ULN | >3-10x ULN
Bilirubin

SGOT < ULN > ULN (can be Any Any

normal if Total
Bilirubin is
>ULN)

ULN=upper limit of normal for the institution

Renal Insufficiency: No clinical studies were conducted with Gleevec in patients with
decreased renal function (studies excluded patients with serum creatinine concentration more
than 2 times the upper limit of the normal range). Imatinib and its metabolites are not
significantly excreted via the kidney.

Drug-Drug Interactions

CYP3A4 Inhibitors: There was a significant increase in exposure to imatinib (mean Cyq and
AUC increased by 26% and 40%, respectively) in healthy subjects when Gleevec was
co-administered with a single dose of ketoconazole (a CYP3A4 inhibitor). (See
PRECAUTIONS.)

CYP3A4 Substrates: Gleevec increased the mean Cpa and AUC of simvastatin (CYP3A4
substrate) by 2- and 3.5-fold, respectively, indicating an inhibition of CYP3A4 by Gleevec.
(See PRECAUTIONS))

CYP3A4 Inducers: Pretreatment of 14 healthy volunteers with multiple doses of rifampin,
600 mg daily for 8 days, followed by a single 400-mg dose of Gleevec, increased Gleevec
oral-dose clearance by 3.8-fold (90% confidence interval = 3.5- to 4.3-fold), which represents
mean decreases in Ciax, AUC(0.24) and AUC ) by 54%, 68% and 74%, of the respective
values without rifampin treatment. (See PRECAUTIONS and DOSAGE AND
ADMINISTRATION.)

In Vitro Studies of CYP Enzyme Inhibition: Human liver microsome studies demonstrated
that Gleevec is a potent competitive inhibitor of CYP2C9, CYP2D6, and CYP3A4/5 with K;
values of 27, 7.5 and 8 puM, respectively. Gleevec is likely to increase the blood level of drugs
that are substrates of CYP2C9, CYP2D6 and CYP3A4/5. (See PRECAUTIONS.)
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CLINICAL STUDIES

Chronic Myeloid Leukemia

Chronic Phase, Newly Diagnosed: An open-label, multicenter, international randomized
Phase 3 study has been conducted in patients with newly diagnosed Philadelphia chromosome
positive (Ph+) chronic myeloid leukemia (CML) in chronic phase. This study compared
treatment with either single-agent Gleevec® (imatinib mesylate) or a combination of
interferon-alfa (IFN) plus cytarabine (Ara-C). Patients were allowed to cross over to the
alternative treatment arm if they failed to show a complete hematologic response (CHR) at 6
months, a major cytogenetic response (MCyR) at 12 months, or if they lost a CHR or MCyR.
Patients with increasing WBC or severe intolerance to treatment were also allowed to cross
over to the alternative treatment arm with the permission of the study monitoring committee
(SMC). In the Gleevec arm, patients were treated initially with 400 mg daily. Dose
escalations were allowed from 400 mg daily to 600 mg daily, then from 600 mg daily to 800
mg daily. In the IFN arm, patients were treated with a target dose of IFN of 5 MIU/m*/day
subcutaneously in combination with subcutaneous Ara-C 20 mg/m*/day for 10 days/month.

A total of 1,106 patients were randomized from 177 centers in 16 countries, 553 to
cach arm. Baseline characteristics were well balanced between the two arms. Median age was
51 years (range 18-70 years), with 21.9% of patients 260 years of age. There were 59% males
and 41% females; 89.9% Caucasian and 4.7% Black patients. With a median follow-up of 31
and 30 months for Gleevec and IFN, respectively, 79% of patients randomized to Gleevec
were still receiving first-line treatment. Due to discontinuations and cross-overs, only 7% of
patients randomized to IFN were still on first-line treatment. In the IFN arm, withdrawal of
consent (13.6%) was the most frequent reason for discontinuation of first-line therapy, and the

most frequent reason for cross over to the Gleevec arm was severe intolerance to treatment
(25.1%).

The primary efficacy endpoint of the study was progression-free survival (PFS).
Progression was defined as any of the following events: progression to accelerated phase or
blast crisis, death, loss of CHR or MCyR, or in patients not achieving a CHR an increasing
WBC despite appropriate therapeutic management. The protocol specified that the
progression analysis would compare the intent to treat (ITT) population: patients randomized
to receive Gleevec were compared with patients randomized to receive interferon. Patients
that crossed over prior to progression were not censored at the time of cross-over, and events
that occurred in these patients following cross-over were attributed to the original randomized
treatment. The estimated rate of progression-free survival at 30 months in the ITT population
was 87.8% in the Gleevec arm and 68.3% in the IFN arm (p<0.0001), (Figure 1). The
estimated rate of patients free of progression to accelerated phase (AP) or blast crisis (BC) at
30 months was 94.8% in the Gleevec arm compared to the 89.6%, (p=0.0016) in the IFN arm,
(Figure 2). There were 33 and 46 deaths reported in the Gleevec and IFN arm, respectively,
with an estimated 30-month survival rate of 94.6% and 91.6%, respectively (differences not
significant). The probability of remaining progression-free at 30 months was 100% for
patients who were in complete cytogenetic response with major molecular response (>3-log
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reduction in Ber-Abl transcripts as measured by quantitative reverse transcriptase polymerase
chain reaction) at 12 months, compared to 93% for patients in complete cytogenetic response
but without a major molecular response, and 82% in patients who were not in complete
cytogenetic response at this time point (p<0.001). :

Figure1 *  Time to Progression (ITT)
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Figure 2 Time to Progression to AP or BC (ITT)



167

168
169
170
171
172

173

174

Page 7

90 a4 T, e ettt e %ttt
80
g 70
& 60 - Number of Patients Glogvac® IFN+A13-C
= - with prograssion to APor BC 27 48
o 50 - - censored at discontinugtion 87 183
5 40 - - censored at last follow-up 435 34
o
g g0 - Hazand Ratio [95% CI 0.47 [0.29, 0.76]
= ’ Log-rank Tast P 0018
20
10 -| —— Ghevec® )
esenesn (RN Rea B i
ﬂ i i 1 | | i i ! | I H 1
0 3 6 9 12 15 18 21 24 27 30 3 3B 88
Months Since Aaadomization

Major cytogenetic response, hematologic response, evaluation of minimal residual
disease (molecular response), time to accelerated phase or blast crisis and survival were main
secondary endpoints. Response data are shown in Table 2. Complete hematologic response,
major cytogenetic response and complete cytogenetic response were also statistically
significantly higher in the Gleevec arm compared to the IFN + Ara-C arm.

Table 2

Response in Newly Diagnosed CML Study (30-Month Data)

(Best Response Rate)

Gleevec®
n=553

IFN+Ara-C
n=553

Hematologic Response’

CHR Rate n (%)
[95% CI]

Cytogenetic Response?

Major Cytogenetic Response n (%)
[95% CI]
Unconfirmed®

Complete Cytogenetic Response n (%)
Unconfirmed®

Molecular Response’

Major Response at 12 Months (%)

Major Response at 24 Months (%)
* p<0.001, Fischer's exact test

527 (95.3%)*
[93.2%, 96.9%]

461 (83.4%)*
[80.0%, 86.4%]
87.2%"
378 (68.4%)*
78.8%"

40%*
54%*

308 (55.7%)*
[51.4%, 59.9%)]

90 (16.3%)*
[13.3%, 19.6%]
23.0%*

30 (5.4%)*
10.7%*

2%*
NAS
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Hematologic response criteria (all responses to be confirmed after 24 weeks):

WBC<10 x 10%L, platelet <450 x 10%L, myelocyte + metamyelocyte <5% in blood, no blasts
and promyelocytes in blood, basophils <20%, no extramedullary involvement.

2 Cytogenetic response criteria (confirmed after 24 weeks): complete (0% Ph+ metaphases)
or partial (1%-35%). A major response (0%-35%) combines both complete and partial responses.

3 Unconfirmed cytogenetic response is based on a single bone marrow cytogenetic evaluation,
therefore unconfirmed complete or partial cytogenetic responses might have had a lesser cytogenetic
response on a subsequent bone marrow evaluation.

Major molecular response criteria: in the peripheral blood, after 12 months of therapy,
reduction of 23 logarithms in the amount of Ber-Abl transcripts (measured by real-time quantitative
reverse transcriptase PCR assay) over a standardized baseline.

3 Not Applicable: insufficient data, only two patients availabie with samples

Physical, functional, and treatment-specific biologic response modifier scales from the
FACT-BRM (Functional Assessment of Cancer Therapy - Biologic Response Modifier)
instrument were used to assess patient-reported general effects of interferon toxicity in 1,067
patients with CML in chronic phase. After one month of therapy to six months of therapy,
there was a 13%-21% decrease in median index from baseline in patients treated with
interferon, consistent with increased symptoms of interferon toxicity. There was no apparent
change from baseline in median index for patients treated with Gleevec.

Late Chronic Phase CML and Advanced Stage CML: Three international, open-label,
single-arm Phase 2 studies were conducted to determine the safety and efficacy of Gleevec in
patients with Ph+ CML: 1) in the chronic phase after failure of IFN therapy, 2) in accelerated
phase disease, or 3) in myeloid blast crisis. About 45% of patients were women and 6% were
Black. In clinical studies 38%-40% of patients were 260 years of age and 10%-12% of
patients were 270 years of age.

Chronic Phase, Prior Interferon-Alpha Treatment: 532 patients were treated at a starting
dose of 400 mg; dose escalation to 600 mg was allowed. The patients were distributed in three
main categories according to their response to prior interferon: failure to achieve (within 6
months), or loss of a complete hematologic response (29%), failure to achieve (within 1 year)
or loss of a major cytogenetic response (35%), or intolerance to interferon (36%). Patients had
received a median of 14 months of prior IFN therapy at doses =25 x 10° [U/week and were all
in late chronic phase, with a median time from diagnosis of 32 months. Effectiveness was
evaluated on the basis of the rate of hematologic response and by bone marrow exams to
assess the rate of major cytogenetic response (up to 35% Ph+ metaphases) or complete
cytogenetic response (0% Ph+ metaphases). Median duration of treatment was 29 months
with 81% of patients treated for 224 months (maximum = 31.5 months). Efficacy results are
reported in Table 3. Confirmed major cytogenetic response rates were higher in patients with
IFN intolerance (66%) and cytogenetic failure (64%), than in patients with hematologic
failure (47%). Hematologic response was achieved in 98% of patients with cytogenetic
failure, 94% of patients with hematologic failure, and 92% of IFN-intolerant patients.

Accelerated Phase: 235 patients with accelerated phase disease were enrolled. These patients
met one or more of the following criteria: 215%-<30% blasts in PB or BM; >30% blasts +
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218  promyelocytes in PB or BM; 220% basophils in PB; and <100 x 10°/L platelets. The first 77
219  patients were started at 400 mg, with the remaining 158 patients starting at 600 mg.

220 Effectiveness was evaluated primarily on the basis of the rate of hematologic response,
221  reported as either complete hematologic response, no evidence of leukemia (i.e., clearance of
222 blasts from the marrow and the blood, but without a full peripheral blood recovery as for

223 complete responses), or return to chronic phase CML. Cytogenetic responses were also

224 evaluated. Median duration of treatment was 18 months with 45% of patients treated for >24
225  months (maximum=35 months). Efficacy results are reported in Table 3. Response rates in
226  accelerated phase CML were higher for the 600-mg dose group than for the 400-mg group:
227  hematologic response (75% vs. 64%), confirmed and unconfirmed major cytogenetic response
228 (31% vs. 19%).

229 Myeloid Blast Crisis: 260 patients with myeloid blast crisis were enrolled. These patients had
230 230% blasts in PB or BM and/or extramedullary involvement other than spleen or liver; 95
231 (37%) had received prior chemotherapy for treatment of either accelerated phase or blast

232 crisis (“pretreated patients”) whereas 165 (63%) had not (“untreated patients™). The first 37
233 patients were started at 400 mg; the remaining 223 patients were started at 600 mg.

234 Effectiveness was evaluated primarily on the basis of rate of hematologic response,
235  reported as either complete hematologic response, no evidence of leukemia, or return to

236  chronic phase CML using the same criteria as for the study in accelerated phase. Cytogenetic
237  responses were also assessed. Median duration of treatment was 4 months with 21% of

238  patients treated for 212 months and 10% for >24 months (maximum=35 months). Efficacy
239 results are reported in Table 3. The hematologic response rate was higher in untreated patients
240  than in treated patients (36% vs. 22%, respectively) and in the group receiving an initial dose
241 of 600 mg rather than 400 mg (33% vs. 16%). The confirmed and unconfirmed major

242 cytogenetic response rate was also higher for the 600-mg dose group than for the 400-mg dose
243 group (17% vs. 8%).

244 Table 3 Response in CML Studies
Chronic Phase Accelerated Myeloid Blast
IFN Failure Phase Crisis
{n=532) (n=235) (n=260)
| 600 mg n=158 600 mg n=223
400 mg 400 mg n=77 400 mg n=37
% of patients [Clgsy,]
Hematologic Response’ 95% [92.3-96.3] 71%[64.8-76.8] 31% [25.2-36.8]
. Complete Hematologic
Response (CHR) 95% 38% 7%
No Evidence of Leukemia (NEL) Not applicable 13% 5%

Return to Chronic
Phase (RTC) Not applicable 20% 18%
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Major Cytogenetic Response? 60% [55.3-63.8] 21% [16.2-27.1] 7% [4.5-11.2]
(Unconfirmed®) * (65%) (27%) (15%)
Complete* (Unconfirmed®) 39% (47%) 16% (20%) 2% (7%)

' Hematologic response criteria (all responses to be confirmed after 24 weeks):

CHR: Chronic phase study [WBC <10 x 10%L, platelet <450 x 10%L, myelocytes + metamyelocytes
<5% in blood, no blasts and promyelocytes in blood, basophils <20%, no extramedullary
involvement] and in the accelerated and blast crisis studies [ANC 21.5 x 10%L, platelets 2100 x
10%L, no blood blasts, BM blasts <5% and no extramedullary disease]

NEL: Same criteria as for CHR but ANC 21 x 10%L and platelets 220 x 10%L (accelerated and blast
crisis studies) ‘

RTC: <15% blasts BM and PB, <30% blasts + promyelocytes in BM and PB, <20% basophils in PB,
no extramedullary disease other than spleen and liver (accelerated and blast crisis studies).

BM=bone marrow, PB=peripheral blood

2 Cytogenetic response criteria (confirmed after 24 weeks): complete (0% Ph+ metaphases)

or partial (1%-35%). A major response (0%-35%) combines both complete and partial

- responses.

Unconfirmed cytogenetic response is based on a single bone marrow cytogenetic evaluation,
therefore unconfirmed complete or partial cytogenetic responses might have had a lesser
cytogenetic response on a subsequent bone marrow evaluation.

Complete cytogenetic respdnse confirmed by a second bone marrow cytogenetic evaluation
performed at least 1 month after the initial bone marrow study.

The median time to hematologic response was 1 month. In late chronic phase CML,
with a median time from diagnosis of 32 months, an estimated 87.8% of patients who
achieved MCyR maintained their response 2 years after achieving their initial response. After
2 years of treatment, an estimated 85.4% of patients were free of progression to AP or BC,
and estimated overall survival was 90.8% [88.3, 93.2]. In accelerated phase, median duration
of hematologic response was 28.8 months for patients with an initial dose of 600 mg (16.5
months for 400 mg, p=0.0035). An estimated 63.8% of patients who achieved MCyR were
still in response 2 years after achieving initial response. The median survival was 20.9 [13.1,
34.4] months for the 400-mg group and was not yet reached for the 600-mg group (p=0.0097).
An estimated 46.2% [34.7, 57.7] vs. 65.8% [58.4, 73.3] of patients were still alive after 2
years of treatment in the 400-mg vs. 600-mg dose groups, respectively (p=0.0088). In blast
crisis, the estimated median duration of hematologic response is 10 months. An estimated
27.2% [16.8, 37.7] of hematologic responders maintained their response 2 years after
achieving their initial response. Median survival was 6.9 [5.8, 8.6] months, and an estimated
18.3% [13.4, 23.3] of all patients with blast crisis were alive 2 years after start of study.

Efficacy results were similar in men and women and in patients younger and older
than age 65. Responses were seen in Black patients, but there were too few Black patients to
allow a quantitative comparison.

Pediatric CML: A total of 51 pediatric patients with newly diagnosed and untreated CML in
chronic phase were enrolled in an open-label, multicenter, single arm phase 2 trial. Patients
were treated with Gleevec 340 mg/mz/day, with no interruptions in the absence of dose
limiting toxicity. Complete hematologic response (CHR) was observed in 78% of patients
after 8 weeks of therapy. The complete cytogenetic response rate (CCyR) was 65%,
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comparable to the results observed in adults. Additionally, partial cytogenetic response
(PCyR) was observed in 16%. The majority of patients who achieved a CCyR developed the
CCyR between months 3 and 10 with a median time to response based on the Kaplan-Meier
estimate of 6.74 months.

One open-label, single-arm study enrolled 14 pediatric patients with Ph+ chronic phase CML
recurrent after stem cell transplant or resistant to interferon-alpha therapy. Patients ranged in
age from 3-20 years old; 3 were 3-11 years old, 9 were 12-18 years old, and 2 were >18 years
old. Patients were treated at doses of 260 mg/m?/day (n=3), 340 mg/m*/day (n=4),

440 mg/m?*/day (n=5) and 570 mg/m*/day (n=2). In the 13 patients for whom cytogenetic data
are available, 4 achieved a major cytogenetic response, 7 achieved a complete cytogenetic
response, and 2 had a minimal cytogenetic response.

In a second study, 2 of 3 patients with Ph+ chronic phase CML resistant to interferon-
alpha therapy achieved a complete cytogenetic response at doses of 242 and 257 mg/m?/day.

Acute Lymphoblastic Leukemia

A total of 48 Philadelphia chromosome positive acute lymphoblastic leukemia (Ph+ ALL)
patients with relapsed/refractory disease were studied, 43 of whom received the recommended
Gleevec dose of 600 mg/day. In addition 2 patients with relapsed/refractory Ph+ ALL
received Gleevec 600 mg/day in a phase 1 study.

Hematologic and cytogenetic response rates for the 43 relapsed/refractory Ph+ALL phase 2
study patients and for the 2 phase | patients are shown in Table 4. The median duration of
hematologic response was 3.4 months and the median duration of MCyR was 2.3 months.

Table 4: Effect of Gleevec on relapsed/refractory Ph+ ALL.

Phase 2 Study (N=43) Phase | Study (N=2)
CHR 8 (19%) 2 (100%)
NEL 5 (12%)
RTC/PHR 11 (26%)
MCyR 15 (35%)
CCyR 9 (21%)
PCyR 6 (14%)

Myelodysplastic / Myeloproliferative diseases

An open label, multicenter, phase 2 clinical trial was conducted testing Gleevec in diverse
populations of patients suffering from life-threatening diseases associated with Abl, Kit or
PDGFR protein tyrosine kinases. This study included 7 patients with MDS/MPD. These
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patients were treated with Gleevec 400 mg daily. The ages of the enrolled patients ranged
from 20 to 86 years. A further 24 patients with MDS/MPD aged 2 to 79 years were reported
in 12 published case reports and a clinical study. These patients also received Gleevec ata .
dose of 400 mg daily with the exception of three patients who received lower doses. Of the
total population of 31 patients treated for MDS/MPD, 14 (45%) achieved a complete
hematological response and 12 (39%) a major cytogenetic response (including 10 with a
complete cytogenetic response). Sixteen patients had a translocation, involving chromosome
5q33 or 4p12, resulting in a PDGFR gene re-arrangement. All of these patients responded
hematologically (13 completely). Cytogenetic response was evaluated in 12 out of 14 patients,
all of whom responded (10 patients completely). Only 1(7%) out of the 14 patients without a
translocation associated with PDGFR gene re-arrangement achieved a complete '
hematological response and none achieved a major cytogenetic response. A further patient
with a PDGFR gene re-arrangement in molecular relapse after bone marrow transplant
responded molecularly. Median duration of therapy was 12.9 months (0.8-26.7) in the 7
patients treated within the phase 2 study and ranged between 1 week and more than 18 months
in responding patients in the published literature. Results are provided in table 5. Response
durations of phase 2 study patients ranged from 141+ days to 457+ days.

Table 5 Response in MDS/MPD
N Complete Major
hematological Cytogenetic
response response

N (%) N (%)

Overall population 31 14 (45) 12 (39)

Chromosome 5 translocation 14 11 (79) 11 (79)

Chromosome 4 translocation 2 : 2 (100) 1(50)
Others / no translocation 14 1(7) 0(0)
Molecular relapse 1 NE NE

NE: Not evaluable

Aggressive Systemic Mastocytosis

One open-label, multicenter, phase 2 study was conducted testing Gleevec in diverse
populations of patients suffering from life-threatening diseases associated with Abl, Kit or
PDGFR protein tyrosine kinases. This study included 5 patients with aggressive systemic
mastocytosis (ASM). The ASM patients were treated with 100 mg to 400 mg of Gleevec
daily. These 5 patients ranged from 49 to 74 years of age. In addition to these 5 patients, 10
published case reports and case series describe the use of Gleevec in 23 additional patients
with ASM aged 26 to 85 years. These 23 patients also received 100 mg to 400 mg of Gleevec
daily.
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Cytogenetic abnormalities were evaluated in 20 of the 28 ASM patients treated with Gleevec
from the published reports and in the phase 2 study. Seven of these 20 patients had the
FIPIL1-PDGFRa fusion kinase (or CHIC2 deletion). Patients with this cytogenetic abnormality
were predominantly males and had eosinophilia associated with their systemic mast cell
disease. Two patients had a Kit mutation in the juxtamembrane region (one Phe522Cys and
one K5091) and four patients had a D816V ¢-Kit mutation (not considered sensitive to
Gleevec ), one with concomitant CML.

Of the total population of 28 patients treated for ASM, 8 (29%) achieved a complete
hematologic response and 9 (32%) a partial hematologic response (61% overall response
rate). Median duration of Gleevec therapy for the 5 ASM patients in the phase 2 study was
13 months (range 1.4-22.3 months) and between 1 month and more than 30 months in the
responding patients described in the published medical literature. A summary of the response
rates to Gleevec in ASM is provided in Table 6. Response durations of literature patients
ranged from 1+ to 30+ months.

Table ¢ Response in ASM
Cytogenetic abnormality Number of Complete Partial
patients hematologic hematologic
response response
_ N (%) N (%)
FIP1L1-PDGFRa fusion kinase (or CHIC2 7 7(100%) | 0
deletion)
Juxtamembrane mutation 2 0 (0%) 2 (100%)
Unknown or no cytogenetic abnormality 15 0(0%) 7 (44%)
detected
D816V mutation 4 1* (25%) 0
Total : 28 8 (29%) 9 (32%)

*Patient had concomitant CML and ASM

Gleevec has not been shown to be effective in patients with less aggressive forms of systemic
mastocytosis (SM). Gleevec is therefore not recommended for use in patients with cutaneous
mastocytosis, indolent systemic mastocytosis (smoldering SM or isolated bone marrow
mastocytosis), SM with an associated clonal hematological non-mast cell lineage disease,
mast cell leukemia, mast cell sarcoma or extracutaneous mastocytoma. Patients that harbor the
D816V mutation of c¢-Kit are not sensitive to Gleevec and should not receive Gleevec.

Hypereosinophilic Syndrome / Chronic Eosinophilic Leukemia

One open-label, multicenter, phase 2 study was conducted testing Gleevec in diverse
populations of patients suffering from life-threatening diseases associated with Abl, Kit or
PDGFR protein tyrosine kinases. This study included 14 patients with Hypereosinophilic
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Syndrome/Chronic Fosinophilic Leukemia (HES/CEL). HES patients were treated with

100 mg to 1000 mg of Gleevec daily. The ages of these patients ranged from 16 to 64 years. A
further 162 patients with HES/CEL aged 11 to 78 years were reported in 35 published case
reports and case series. These patients received Gleevec at doses of 75 mg to 800 mg daily.
Hematologic response rates are summarized in Table 7. Response durations for literature
patients ranged from 6+ weeks to 44 months.

Table 7 Response in HES/CEL
Cytogenetic abnormality Number of Complete Partial
patients hematological hematological
response response
N (%) N (%)

Positive FIP1L1-PDGFRa fusion kinase 61 61 (100%) 0
Negative FIP1L1-PDGFRa fusion kinase 56 12 (21%) 9 (16%)
Unknown cytogenetic abnormality 59 34 (58%) 7(12%)

Total 176 107 (61%) 23 (13%)

Dermatofibrosarcoma Protuberans

Dermatofibrosarcoma Protuberans (DFSP) is a cutaneous soft tissue sarcoma. It is
characterized by a translocation of chromosomes 17 and 22. This translocation results in the
fusion of 2 genes, the collagen type 1 alpha 1 gene and the PDGF B gene.

An open label, multicenter, phase 2 study was conducted testing Gleevec in a diverse
population of patients suffering from life-threatening diseases associated with Abl, Kit or
PDGFR protein tyrosine kinases. This study included 12 patients with DFSP who were

treated with Gleevec 800 mg daily. The age of the DFSP patients ranged from 23 to 75 years;
DFSP was metastatic, locally recurrent following initial surgical resection and not considered
amenable to further surgery at the time of study entry. A further 6 DFSP patients treated with
Gleevec are reported in 5 published case reports, their ages ranging from 18 months to 49
years. The total population treated for DFSP therefore comprises 18 patients, 8 of them with
metastatic disease. The adult patients reported in the published literature were treated with
either 400 mg (4 cases) or 800 mg (1 case) Gleevec daxly A single pediatric patient received

400 mg/m*/daily, subsequently increased to 520 mg/m%/daily. Ten patients had the PDGF B

gene rearrangement, 5 had no available cytogenetics and 3 had complex cytogenetic
abnormalities. Responses to treatment are described in Table 8.

Table 8 Response in DFSP
Number of patients (n=18) %
Complete response 7 39
Partial response * 8 44
Total responders 15 83

* § patients made disease free by surgery
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Twelve of these 18 patients either achieved a complete response (7 patients) or were made
disease free by surgery after a partial response (5 patients, including one child) for a total
complete response rate of 67%. A further 3 patients achieved a partial response, for an overall
response rate of 83%. Of the 8 patients with metastatic disease, five responded (62%), three of
them completely (37%). For the 10 study patients with the PDGF B gene rearrangement there
were 4 complete and 6 partial responses. The median duration of response in the phase 2

study was 6.2 months, with a maximum duration of 24.3 months, while in the published
literature it ranged between 4 weeks and more than 20 months.

Gastrointestinal Stromal Tumors

One open-label, multinational study was conducted in patients with unresectable or metastatic
malignant gastrointestinal stromal tumors (GIST). In this study, 147 patients were enrolled .
and randomized to receive either 400 mg or 600 mg orally q.d. for up to 36 months. The study

‘was not powered to show a statistically significant difference in response rates between the 2

dose groups. Patients ranged in age from 18 to 83 years old and had a pathologic diagnosis of
Kit (CD117) positive unresectable and/or metastatic malignant GIST. Immunohistochemistry
was routinely performed with Kit antibody (A-4502, rabbit polyclonal antiserum, 1:100;
DAKO Corporation, Carpinteria, CA) according to analysis by an av1d1n biotin-peroxidase
complex method after antigen retrieval.

The primary outcome of the study was objective response rate. Tumors were required
to be measurable at entry in at least one site of disease, and response characterization was
based on Southwestern Oncology Group (SWOG) criteria. Results are shown in Table 9.

Table 9 Tumor Response in GIST Trial

{N=147)
400 mgn=73
600 mg n=74
n (%) .
Complete Response 1(0.7)
Partial Response 98 (66.7%)

Total (CR + PR) 99 (67.3% with 95% C.1. 59.1, 74.8)

There were no differences in response rates between the 2 dose groups. For the 99
responders to imatinib observed in the GIST study, the Kaplan-Meier estimate of median
duration of response is 118 weeks (95% CI: 96, not reached) The median time to response
was 12 weeks (range was 3-98 weeks).

INDICATIONS AND USAGE

Gleevec” (imatinib mesylate) is indicated for the treatment of:
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* Newly diagnosed adult and pediatric patients with Philadelphia chromosome positive
chronic myeloid leukemia (Ph+ CML) in chronic phase. Follow-up is limited.

¢ Patients with Philadelphia chromosome positive chronic myeloid leukemia (Ph+
CML) in blast crisis, accelerated phase, or in chronic phase after failure of interferon-
alpha therapy. Gleevec is also indicated for the treatment of pediatric patients with
Ph+ chronic phase CML whose disease has recurred after stem cell transplant or who
are resistant to interferon-alpha therapy. There are no controlled trials in pediatric
patients demonstrating a clinical benefit, such as improvement in disease-related
symptoms or increased survival.

¢ Adult patients with relapsed or refractory Philadelphia chromosome positive acute
lymphoblastic leukemia (Ph+ ALL).

e Adult patients with myelodysplastic/ myeloproliferative diseases (MDS/MPD)
associated with PDGFR (platelet-derived growth factor receptor) gene re-
arrangements.

e Adult patients with aggressive systemic mastocytosis (ASM) without the D816V c-
Kit mutation or with ¢-Kit mutational status unknown.

* Adult patients with hypereosinophilic syndrome (HES) and/or chronic eosinophilic
leukemia (CEL) who have the FIP1L1-PDGFRu fusion kinase (mutational analysis or
FISH demonstration of CHIC2 allele deletion) and for patients with HES and/or CEL
who are FIP1L1-PDGFRa fusion kinase negative or unknown.

e Adult patients with unresectable, recurrent and/or metastatic dermatofibrosarcoma
protuberans (DFSP).

* Patients with Kit (CD117) positive unresectable and/or metastatic malignant
gastrointestinal stromal tumors (GIST). (See. CLINICAL STUDIES, Gastrointestinal
Stromal Tumors.) The effectiveness of Gleevec in GIST is based on objective
response rate (see CLINICAL STUDIES). There are no controlled trials
demonstrating a clinical benefit, such as improvement in disease-related symptoms or
increased survival.

CONTRAINDICATIONS

Use of Gleevec® (imatinib mesylate) is contraindicated in patients with hypersensitivity to
imatinib or to any other component of Gleevec.

WARNINGS

Pregnancy

Women of childbearing potential should be advised to avoid becoming pregnant.

Imatinib mesylate was teratogenic in rats when administered during organogenesis at
doses 2100 mg/kg, approximately equal to the maximum clinical dose of 800 mg/day based
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on body surface area. Teratogenic effects included exencephaly or encephalocele,
absent/reduced frontal and absent parietal bones. Female rats administered doses >45 mg/kg
(approximately one-half the maximum human dose of 800 mg/day based on body surface
area) also experienced significant post-implantation loss as evidenced by either early fetal
resorption or stillbirths, nonviable pups and early pup mortality between postpartum Days 0
and 4. At doses higher than 100 mg/kg, total fetal loss was noted in all animals. Fetal loss was
not seen at doses <30 mg/kg (one-third the maximum human dose of 800 mg).

Male and female rats were exposed in utero to a maternal imatinib mesylate dose of
45 mg/kg (approximately one-half the maximum human dose of 800 mg) from Day 6 of
gestation and through milk during the lactation period. These animals then received no
imatinib exposure for nearly 2 months. Body weights were reduced from birth until terminal
sacrifice in these rats. Although fertility was not affected, fetal loss was seen when these male
and female animals were then mated.

There are no adequate and well-controlled studies in pregnant women. If Gleevec®
(imatinib mesylate) is used during pregnancy, or if the patient becomes pregnant while taking
(receiving) Gleevec, the patient should be apprised of the potential hazard to the fetus.

PRECAUTIONS

General

Dermatologic Toxicities: Bullous dermatologic reactions, including erythema multiforme
and Stevens-Johnson syndrome, have been reported with use of Gleevec® (imatinib mesylate).
In some cases reported during post- marketing surveillance, a recurrent dermatologic reaction
was observed upon rechallenge. Several foreign post-marketing reports have described cases
in which patients tolerated the reintroduction of Gleevec therapy after resolution or
improvement of the bullous reaction. In these instances, Gleevec was resumed at a dose lower
than that at which the reaction occurred and some patients also received concomitant
treatment with corticosteroids or antihistamines.

Fluid Retention and Edema: Gleevec is often associated with edema and occasionally
serious fluid retention (see ADVERSE REACTIONS). Patients should be weighed and
monitored regularly for signs and symptoms of fluid retention. An unexpected rapid weight
gain should be carefully investigated and appropriate treatment provided. The probability of

‘edema was increased with higher Gleevec dose and age >65 years in the CML studies. Severe

superficial edema was reported in 1.1% of newly diagnosed CML patients taking Gleevec,
and in 2%-6% of other adult CML patients taking Gleevec. In addition, other severe fluid
retention (e:g., pleural effusion, pericardial effusion, pulmonary edema, and ascites) events
were reported in 0.7% of newly diagnosed CML patients taking Gleevec, and in 2%-6% of
other adult CML patients taking Gleevec. Severe superficial edema and severe fluid retention

(pleural effusion, pulmonary edema and ascites) were reported in 1%-6% of patients taking
Gleevec for GIST.
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There have been post-marketing reports, including fatalities, of cardiac tamponade,
cerebral edema, increased intracranial pressure, and papilledema in patients treated with
Gleevec.

Gastrointestinal Disorders: Gleevec is sometimes associated with GI irritation. Gleevec
should be taken with food and a large glass of water to minimize this problem. There have
been rare reports, including fatalities, of gastrointestinal perforation.

Hemorrhage: In the newly diagnosed CML trial, 1.1% of patients had Grade 3/4
hemorrhage. In the GIST clinical trial, seven patients (5%), four in the 600-mg dose group
and three in the 400-mg dose group, had a total of eight events of CTC Grade 3/4 -
gastrointestinal (GI) bleeds (3 patients), intra-tumoral bleeds (3 patients) or both (1 patient).
Gastrointestinal tumor sites may have been the source of GI bleeds.

Hematologic Toxicity: Treatment with Gleevec is associated with anemia, neutropenia, and
thrombocytopenia. Complete blood counts should be performed weekly for the first month,
biweekly for the second month, and periodically thereafter as clinically indicated (for
example, every 2-3 months). In CML, the occurrence of these cytopenias is dependent on the
stage of disease and is more frequent in patients with accelerated phase CML or blast crisis
than in patients with chronic phase CML. In pediatric CML patients the most frequent
toxicities observed were grade 3 or 4 cytopenias including neutropenia, thrombocytopenia and
anemia. These generally occur within the first several months of therapy. (See DOSAGE
AND ADMINISTRATION.)

Hepatotoxicity: Hepatotoxicity, occasionally severe, may occur with Gleevec (see
ADVERSE REACTIONS). Liver function (transaminases, bilirubin, and alkaline
phosphatase) should be monitored before initiation of treatment and monthly, or as clinically
indicated. Laboratory abnormalities should be managed with interruption and/or dose
reduction of the treatment with Gleevec. (See DOSAGE AND ADMINISTRATION).

Hepatic Impairment: Comparable exposure was noted between each of the mildly and
moderately hepatically-impaired patients and patients with normal hepatic function. However,
patients with severe hepatic impairment tended to have higher exposure to both imatinib and
its metabolite than patients with normal hepatic function (See CLINICAL
PHARMACOLOGY and DOSING AND ADMINISTRATION). Patients with severe hepatic
impairment should be closely monitored.

Hypereosinophilic cardiac Toxicity: In patients with hypereosinophilic syndrome and cardiac
involvement, cases of cardiogenic shock/left ventricular dysfunction have been associated
with the initiation of imatinib therapy. The condition was reported to be reversible with the
administration of systemic steroids, circulatory support measures and temporarily withholding
imatinib. Myelodysplastic/ myeloproliferative disease and systemic mastocytosis may be
associated with high eosinophil levels. Performance of an echocardiogram and determination
of serum troponin should therefore be considered in patients with HES/CEL, and in patients
with MDS/MPD or ASM associated with high eosinophil levels. If either is abnormal, the
prophylactic use of systemic steroids (1-2 mg/kg) for one to two weeks concomitantly with
imatinib should be considered at the initiation of therapy.
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Severe congestive heart failure and left ventricular dysfunction: Severe congestive heart
failure and left ventricular dysfunction have occasionally been reported in patients taking
Gleevec. Most of the patients with reported cardiac events have had other co-morbidities and
risk factors, including advanced age and previous medical history of cardiac disease. In an
international randomized phase 3 study in 1,106 patients with newly diagnosed Ph+ CML in
chronic phase, severe cardiac failure and left ventricular dysfunction were observed in 0.7%
of patients taking Gleevec compared to 0.9% of patients taking IFN + Ara-C. Patients with
cardiac disease or risk factors for cardiac failure should be monitored carefully and any
patient with signs or symptoms consistent with cardiac failure should be evaluated and
treated.

Toxicities From Long-Term Use: It is important to consider potential toxicities suggested by
animal studies, specifically, liver and kidney toxicity and immunosuppression. Severe liver
toxicity was observed in dogs treated for 2 weeks, with elevated liver enzymes, hepatocellular
necrosis, bile duct necrosis, and bile duct hyperplasia. Renal toxicity was observed in
monkeys treated for 2 weeks, with focal mineralization and dilation of the renal tubules and
tubular nephrosis. Increased BUN and creatinine were observed in several of these animals.
An increased rate of opportunistic infections was observed with chronic imatinib treatment in
laboratory animal studies. In a 39-week monkey study, treatment with imatinib resulted in
worsening of normally suppressed malarial infections in these animals. Lymphopema was
observed in animals (as in humans).

Drug Interactions

Drugs that May Alter Imatinib Plasma Concentrations

Drugs that may increase imatinib plasma concentrations:

Caution is recommended when administering Gleevec with inhibitors of the CYP3A4 family
(e.g., ketoconazole, itraconazole, erythromycin, clarithromycin). Substances that inhibit the
cytochrome P450 isoenzyme (CYP3A4) activity may decrease metabolism and increase
imatinib concentrations. There is a significant increase in exposure to imatinib when Gleevec
is coadministered with ketoconazole (CYP3A4 inhibitor).

Drugs that may decrease imatinib plasma concentrations:

Substances that are inducers of CYP3 A4 activity may increase metabolism and decrease
imatinib plasma concentrations. Co-medications that induce CYP3A4 (e.g., dexamethasone,
phenytoin, carbamazepine, rifampin, phenobarbital or St. John’s Wort) may significantly
reduce exposure to Gleevec. Pretreatment of healthy volunteers with multiple doses of
rifampin followed by a single dose of Gleevec, increased Gleevec oral-dose clearance by
3.8-fold, which significantly (p<0.05) decreased mean Cpax and AUC g.). In patients where
rifampin or other CYP3A4 inducers are indicated, alternative therapeutic agents with less
enzyme induction potential should be considered. (See CLINICAL PHARMACOLOGY and
DOSAGE AND ADMINISTRATION.)
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Drugs that May Have thefr Plasma Concentration Altered by Gleevec

Gleevec increases the mean Cpa and AUC of simvastatin (CYP3A4 substrate) 2- and
3.5-fold, respectively, suggesting an inhibition of the CYP3A4 by Gleevec. Particular caution
is recommended when administering Gleevec with CYP3 A4 substrates that have a narrow
therapeutic window (e.g., cyclosporine or pimozide). Gleevec will increase plasma
concentration of other CYP3A4 metabolized drugs (e.g., triazolo-benzodiazepines,
dihydropyridine calcium channel blockers, certain HMG-CoA reductase inhibitors, etc.).

Because warfarin is metabolized by CYP2C9 and CYP3 A4, patients who require
anticoagulation should receive low-molecular weight or standard heparin.

In vitro, Gleevec inhibits the cytochrome P450 isoenzyme CYP2D6 activity at similar
concentrations that affect CYP3A4 activity. Systemic exposure to substrates of CYP2D6 is
expected to be increased when coadministered with Gleevec. No specific studies have been
performed and caution is recommended.

In vitro, Gleevec inhibits acetaminophen O-glucuronidation (K; value of 58.5 uM) at
therapeutic levels. Systemic exposure to acetaminophen is expected to be increased when
coadministered with Gleevec. No specific studies in humans have been performed and caution
1s recommended.

Carcinogenesis, Mutagjenesis, Impairment of Fertility

The urogenital tract from a 2-year carcinogenicity study in rats receiving doses of 15, 30 and
60 mg/kg/day of imatinib mesylate showed renal adenomas/carcinomas, urinary bladder
papillomas and papillomas/carcinomas of the preputial and clitoral gland. Evaluation of other
organs in the rats is ongoing.

The papilloma/carcinoma of the preputial/clitoral gland were noted at 30 and
60 mg/kg/day (approximately 0.5 to 4 times the human daily exposure at 400 mg/day). The
kidney adenoma/carcinoma and the urinary bladder papilloma were noted at 60 mg/kg/day.
No tumors in the urogenital tract were observed at 15 mg/kg/day.

Positive genotoxic effects were obtained for imatinib in an in vitro mammalian cell
assay (Chinese hamster ovary) for clastogenicity (chromosome aberrations) in the presence of
metabolic activation. Two intermediates of the manufacturing process, which are also present
in the final product, are positive for mutagenesis in the Ames assay. One of these
intermediates was also positive in the mouse lymphoma assay. Imatinib was not genotoxic
when tested in an in vitro bacterial cell assay (Ames test), an in vitro mammalian cell assay
(mouse lymphoma) and an in vivo rat micronucleus assay.

In a study of fertility, in male rats dosed for 70 days prior to mating, testicular and
epididymal weights and percent motile sperm were decreased at 60 mg/kg, approximately
three-fourths the maximum clinical dose of 800 mg/day based on body surface area. This was
not seen at doses <20 mg/kg (one-fourth the maximum human dose of 800 mg). When female

rats were dosed 14 days prior to mating and through to gestational Day 6, there was no effect
on mating or on number of pregnant females.
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In female rats dosed with imatinib mesylate at 45 mg/kg (approximately one-half the
maximum human dose of 800 mg/day, based on body surface area) from gestational Day 6
until the end of lactation, red vaginal discharge was noted on either gestational Day 14 or 15.

Pregnancy

Pregnancy Category D. (See WARNINGS.)

Nursing Mothers

[t is not known whether imatinib mesylate or its metabolites are excreted in human milk.
However, in lactating female rats administered 100 mg/kg, a dose approximately equal to the
maximum clinical dose of 800 mg/day based on body surface area, imatinib and its
metabolites were extensively excreted in milk. Concentration in milk was approximately
three-fold higher than in plasma. It is estimated that approximately 1.5% of a maternal dose is
excreted into milk, which is equivalent to a dose to the infant of 30% the maternal dose per
unit body weight. Because many drugs are excreted in human milk and because of the
potential for serious adverse reactions in nursing infants, women should be advised against
breast-feeding while taking Gleevec.

Pediatric Use

Gleevec safety and efficacy have been demonstrated in children with newly diagnosed Ph+
chronic phase CML and in children with Ph+ chronic phase CML with recurrence after stem
cell transplantation or resistance to interferon-alpha therapy. There are no data in children
under 2 years of age. Follow-up in children with newly diagnosed Ph+ chronic phase CML
1s limited.

Geriatric Use

In the CML clinical studies, approximately 40% of patients were older than 60 years and 10%
were older than 70 years. In the study of patients with newly diagnosed CML, 22% of patients
were 60 years of age or older. No difference was observed in the safety profile in patients
older than 65 years as compared to younger patients, with the exception of a higher frequency
of edema. (See PRECAUTIONS.) The efficacy of Gleevec was similar in older and younger
patients.

In the GIST study, 29% of patients were older than 60 years and 10% of patients were
older than 70 years. No obvious differences in the safety or efficacy profile were noted in
patients older than 65 years as compared to younger patients, but the small number of patients
does not allow a formal analysis.
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ADVERSE REACTIONS

Chronic Myeloid Leukemia

The majority of Gleevec-treated patients experienced adverse events at some time, Most
events were of mild-to-moderate grade, but drug was discontinued for drug-related adverse
events in 3.1% of newly diagnosed patients, 4% of patients in chronic phase after failure of
interferon-alpha therapy, 4% in accelerated phase and 5% in blast crisis.

The most frequently reported drug-related adverse events were edema, nausea and
vomiting, muscle cramps, musculoskeletal pain, diarrhea and rash (Table 10 for newly
diagnosed CML, Table 11 for other CML patients). Edema was most frequently periorbital or
in lower limbs and was managed with diuretics, other supportive measures, or by reducing the
dose of Gleevec® (imatinib mesylate). (See DOSAGE AND ADMINISTRATION. ) The
frequency of severe superficial edema was 1.1%-6%.

A variety of adverse events represent local or general fluid retention including pleural
effusion, ascites, pulmonary edema and rapid weight gain with or without superficial edema.
These events appear to be dose related, were more common in the blast crisis and accelerated
phase studies (where the dose was 600 mg/day), and are more common in the elderly. These
events were usually managed by interrupting Gleevec treatment and with diuretics or other
appropriate supportive care measures. However, a few of these events may be serious or life
threatening, and one patient with blast crisis died with pleural effusion, congestive heart
failure, and renal failure.

Adverse events, regardless of relationship to study drug, that were reported in at least
10% of the patients treated in the Gleevec studies are shown in Tables 10 and 11.

Table 10 ‘Adverse Experiences Reported in Newly Diagnosed CML-Clinical Trial
(=10% of all patients)"

All Grades CTC Grades 3/4

Gleevec®  IFN+Ara—C  Gleevec®  IFN+Ara-C

Preferred Term N=551 (%) N=533 (%) N=551 (%) N=533 (%)
Fluid Retention 59.2 - 10.7 1.8 0.9
- Superficial Edema 57.5 9.2 1.1 0.4

- Other Fluid

Retention Events 6.9 1.9 0.7 0.6
Nausea 47 61.5 0.9 51
Muscle Cramps 43.2 11.4 16 0.2
Musculoskeletal Pain v 39.2 44 1 3.4 8.1
Diarrhea 38.5 42 2.0 32

Rash and Related Terms 37.2 257 2.4 2.4
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Fatigue 37.0 66.8 - 16
Headache 336 43.3 0.5
Joint Pain 30.3 39.4 25
Abdominal Pain 29.9 25.0 25
Nasopharyngitis 26.9 8.4 0
Hemorrhage 24 1 20.8 1.1
- Gl Hemorrhage 1.3 1.1 0.5
- CNS Hemorrhage 0.2 0.2 0
Myalgia 225 38.8 1.5
Vomiting 20.5 27.4 1.5
Dyspepsia 17.8 9.2 0
Cough 17.4 231 0.2
Pharyngolaryngeal Pain 16.9 11.3 0.2
Upper Repiratory Tract infection 16.5 8.4 0.2
Dizziness 15.8 242 0.9
Pyrexia 15.4 42.4 0.9
‘Weight Increased 15.2 2.1 16
Insomnia 13.2 18.8 0
Depression 12.7 35.8 0.5
Influenza 111 6.0 0.2
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25.0
3.6
7.3
3.9
0.2
1.5
0.2
0.2

8.1

3.4
0.8
06
0
0.4
3.6
3.0
0.4
2.3
13.1
0.2

M All adverse events occurring in 210% of patients are listed regardless of suspected relationship

to treatment.

Table 11
patients in any trial)"

Adverse Experiences Reported in Other CML Clinical Trials (>10% of all

Myeloid Blast Accelerated Chronic Phase,

Crisis Phase IFN Failure
{n= 260) (n=235) (n=532)
% % %
All Grade All Grade All Grade
Preferred Term Grades 3/4 Grades 3/4 Grades 314

Fluid Retention 72 11 76 6 69 4
- Superficial Edema | 66 6 74 3 67 2
- Other Fluid Retention Events® 22 6 15 4 7 2
Nausea 71 5 73 5 63 3
Muscle Cramps 28 1 47 04 62 2
Vomiting 54 4 58 3 36 2
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Diarrhea
Hemorrhage
- CNS Hemorrhage
- Gl Hemorrhage
Musculoskeletal Pain
Fatigue
Skin Rash
Pyrexia
Arthralgia
Headache
Abdominal Pain
Weight Increased
Cough
Dyspepsia
Myalgia
Nasopharyngitis
Asthenia
Dyspnea
Upper Respiratory Tract Infection
Anorexia
Night Sweats
Constipation
Dizziness
Pharyngitis
Insomnia
Pruritus
Hypokalemia
Pneumonia
Anxiety
Liver Toxicity
Rigors
Chest Pain
Influenza

Sinusitis

43
53
9
8
42
30
36
41
25
27
30
5
14
12
9
10
18
15
3
14
13
16
12
10

10

8
13
13
8
10
10
7
0.8
4

-
o P

- OO 0 N ;A0 s

o
o™

N © A 00 O O ©

0.8

0.4

0.8

04

0.4

57
49
3
6
49

46

47
41
34
32
33
17
27
22
24
17
21
21
12
17
17
16
13
12
14
14
9
10
12
12
12
10
6
11

___ .
o>,

g A N O O A O oW

o
©

~N o o N o

0.4

e

0.9

0.4

48
30

38
48
47
21
40
36
32
32
20
27
27
22
15
12
19

14

16

15
14
14

6
10
11
11
9

Page 24

=y

0.4

= N W = N

0.6
1

7
0
0

0.2

0.2

0.2

0.9
0
0

0.2

0.4

0.2
0

0.2

0.8

0.8
1

0.4
3
0

0.8

0.2
04

M All adverse events occurring in 210% of patients are listed regardless of suspected relationship

to treatment.
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@ Other fluid retention events include pleural effusion, ascites, pulmonary edema, pericardial
effusion, anasarca, edema aggravated, and fluid retention not otherwise specified.

Hematologic Toxicity

Cytopenias, and particularly neutropenia and thrombocytopenia, were a consistent finding in
all studies, with a higher frequency at doses 2750 mg (Phase 1 study). However, the
occurrence of cytopenias in CML patients was also dependent on the stage of the disease.

In patients with newly diagnosed CML, cytopenias were less frequent than in the other
CML patients (see Tables 12 and 13). The frequency of grade 3 or 4 neutropenia and
thrombocytopenia was between 2- and 3-fold higher in blast crisis and accelerated phase
compared to chronic phase (see Tables 12 and 13). The median duration of the neutropenic
and thrombocytopenic episodes varied from 2 to 3 weeks, and from 2 to 4 weeks,
respectively.

These events can usually be managed with either a reduction of the dose or an
interruption of treatment with Gleevec, but in rare cases require permanent discontinuation of
treatment.

Hepatotoxicity

Severe elevation of transaminases or bilirubin occurred in 3%-6% (see Table 12) and were
usually managed with dose reduction or interruption (the median duration of these episodes

- was approximately 1 week). Treatment was discontinued permanently because of liver

laboratory abnormalities in less than 0.5% of CML patients. However, one patient, who was
taking acetaminophen regularly for fever, died of acute liver failure. In the GIST trial, grade
3 or 4 SGPT (ALT) elevations were observed in 6.8% of patients and grade 3 or 4 SGOT
(AST) elevations were observed in 4.8% of patients. Bilirubin elevation was observed in
2.7% of patients.

- Adverse Reactions in Pediatric.Population

The overall safety profile of pediatric patients treated with Gleevec in 93 children studied was
similar to that found in studies with adult patients, except that musculoskeletal pain was less
frequent (20.5%) and peripheral edema was not reported. Nausea and vomiting were the most
commonly reported individual AEs with an incidence similar to that seen in adult patients.
Although most patients experienced AEs at some time during the study, the incidence of
Grade 3/4 AEs was low. "

~ Adverse Effects in Other Subpopulations

In older patients (265 years old), with the exception of edema, where it was more frequent,
there was no evidence of an increase in the incidence or severity of adverse events. In women
there was an increase in the frequency of neutropenia, as well as Grade 1/2 superficial edema,
headache, nausea, rigors, vomiting, rash, and fatigue. No differences were seen related to race
but the subsets were too small for proper evaluation.
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716 Table 12 Lab Abnormalities in Newly Diagnosed CML Trial
Gleevec® IFN+Ara-C
N=551 N=633
Y %
CTC Grades Grade 3 Grade 4 Grade 3 Grade 4
Hematology Parameters
— Neutropenia* 12.3 3.1 20.8 4.3
— Thrombocytopenia* 8.3 0.2 15.9 0.6
- Anemia 3.1 0.9 4.1 0.2
Biochemistry Parameters
- Elevated Creatinine 0 0 0.4 0
— Elevated Bilirubin 0.7 0.2 02 0
- Elevated Alkaline
Phosphatase 0.2 0 0.8 0
- Elevated SGOT (AST) 2.9 0.2 3.8 04
- Elevated SGPT (ALT) 31 0.4 56 0

717  *p<0.001 (difference in Grade
718

3 plus 4 abnormalities between the two treatment groups)

719 Table 13 Lab Abnormalities in Other CML Clinical Trials
Myeloid Blast Accelerated Chronic Phase,
Crisis Phase IFN Failure
(n=260) (n=235) (n=532)
600 mg n=223 600 mg n=158
400 mg n=37 400 mg n=77 400 mg
Y% %o %
Grade Grade Grade Grade Grade Grade
CTC Grades 3 4 3 4 3 4
Hematology Parameters
— Neutropenia 16 48 23 36 27 9
- Thrombocytopenia 30 33 31 13 21 <1
— Anemia 42 11 34 7 6 1
Biochemistry Parameters
- Elevated Creatinine 1.5 0 1.3 0 0.2 0
- Elevated Bilirubin 3.8 0 2.1 0.6 0
- Elevated Alkaline 4.6 0 55 0.4 0.2
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Phosphatase A
- Efevated SGOT (AST) 1.9 0 3.0 0 23 0
- Elevated SGPT (ALT) 2.3 0.4 4.3 0 2.1 0

CTC Grades: neutropenia (Grade 3 20.5-1.0 x 10%L, Grade 4 <0.5 x 10%L), thrombocytopenia (Grade
3 210-50 x 10%L, Grade 4 <10 x 10%L), anemia (hemoglobin 265-80 g/L, Grade 4 <65 g/L), elevated
creatinine (Grade 3 >3-6 x upper limit normal range [ULN], Grade 4 >6 x ULN), elevated bilirubin
(Grade 3 >3-10 x ULN, Grade 4 >10 x ULN), elevated alkaline phosphatase (Grade 3 >5-20 x ULN,
Grade 4 >20 x ULN), elevated SGOT or SGPT (Grade 3 >5-20 x ULN, Grade 4 >20 x ULN)

Acute Lymphoblastic Leukemia

The adverse reactions were similar for Ph+ ALL as for CML. The most frequently reported
drug-related adverse events reported in the Ph+ ALL studies were mild nausea, vomiting,
diarrhea, myalgia, muscle cramps and rash, which were easily manageable. Superficial
edemas were a common finding in all studies and were described primarily as periorbital or
lower limb edemas. However, these edemas were rarely severe and may be managed with
diuretics, other supportive measures, or in some patients by reducing the dose of Gleevec.

Myelodyplastic/Myeloproliferative Diseases

Adverse events, regardless of relationship to study drug, that were reported in at least 10% of
the patients treated with Gleevec for MDS/MPD in the phase 2 study, are shown in Table 14.

Table 14 Adverse Experiences Reported (more than one patient) in MPD Patients
in the phase 2 study (=10% all patients) all Grades

N=7

Preferred term n (%)

Nausea 4 (57.1)
Diarrhea 3(429)
Anemia 2 (28.6)
Fatigue 2 (28.6)
Muscle cramp 3 (42.9)
Arthralgia 2 (28.6)
Periorbital edema 2 (28.6)

Aggressive Systemic Mastocytosis

All ASM patients experienced at least one adverse event at some time. The most frequently
reported adverse events were diarrhea, nausea, ascites, muscle cramps, dyspnea, fatigue,
peripheral edema, anemia, pruritis, rash and lower respiratory tract infection. None of the 5
patients in the phase 2 study with ASM discontinued Gleevec due to drug-related adverse
events or abnormal laboratory values.
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The safety profile in the HES/CEL patient population does not appear to be different from the
known safety profile of imatinib observed in other hematologic malignancy populations, such

as CML. All patients experienced at least one adverse event, the most common being

gastrointestinal, cutaneous and musculoskeletal disorders. Hematological abnormalities were
also frequent, with instances of CTC grade 3 leukopenia, neutropenia, lymphopenia and

anemia.

Dermatofibrosarcoma Protuberans

Adverse events, regardless of relationship to study drug, that were reported in at least 10% of
the 12 patients treated with Gleevec for DFSP in the phase 2 study are shown in Table 15.

Table 15 Adverse Experiences Reported in DFSP Patiénts in the Phase 2 Study

(=10% all patients) all Grades

N=12

Preferred term n (%)
Nausea 5(41.7)
Diarrhea 3(25.0)
Vomiting 3 (25.0)
Periorbital edema 4 (33.3).
Face edema 2 (16.7)
Rash 3 (25.0)
Fatigue 5(41.7)
Edema peripheral 4 (33.3)
Pyrexia 2(16.7)
Eye edema 4 (33.3)
Lacrimation increased 3(25.0)
Dyspnea exertional 2(16.7)
Anemia 3 (25.0)
Rhinitis 2(16.7)
Anorexia 2(16.7)

Clinically relevant or severe laboratory abnormalities in the 12 pat1ents treated with Gleevec
for DFSP in the phase 2 study are presented in Table 16.

Table 16 Laboratory Abnormalities Reported in DFSP Patients in the Phase 2 Study

CTC Grades

N=12

Grade 3

Grade 4

Hematology Parameters
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- Anemia 17 % 0%
- Thrombocytopenia 17 % 0%
- Neutropenia 0% 8 %

Biochemistry Parameters

- Elevated Creatinine 0% 8%

CTC Grades: neutropenia (Grade 3 20.5-1.0 x 10%L, Grade 4 <0.5 x 10%/L), thrombocytopenia (Grade
3210 - 50 x 10%/L, Grade 4 <10 x 10°L), anemia (Grade 3 265-80 g/L, grade 4 <65 g/L), elevated
creatinine (Grade 3 >3-6 x upper limit normal range [ULN], Grade 4 >6 x ULN)

1

Gastrointestina'l Stromal Tumors

The majority of Gleevec-treated patients experienced adverse events at some time. The most
frequently reported adverse events were edema, nausea, diarrhea, abdominal pain, muscle
cramps, fatigue, and rash. Most events were of mild-to-moderate severity. Drug was
discontinued for adverse events in 7 patients (5%) in both dose levels studied. Superficial
edema, most frequently periorbital or lower extremity edema, was managed with diuretics,
other supportive measures, or by reducing the dose of Gleevec® (imatinib mesylate).

(See DOSAGE AND ADMINISTRATION.) Severe (CTC Grade 3/4) superficial edema was
observed in 3 patients (2%), including face edema in one patient. Grade 3/4 pleural effusion
or ascites was observed in 3 patients (2%).

Adverse events, regardless of relationship to study drug, that were reported in at least
10% of the patients treated with Gleevec are shown in Table 17. No major differences were
seen in the severity of adverse events between the 400-mg or 600-mg treatment groups,
although overall incidence of diarrhea, muscle cramps; headache, dermatitis, and edema was
somewhat higher in the 600-mg treatment group.

Table 17 Adverse Experiences Reported in GIST Trial (>10% of all patients at
either dose)(l)

All CTC Grades CTC Grade 3/4

Initial dose (mg/day) Initial dose (mg/day)

400 mg 600 mg 400 mg 600 mg

(n=73) (n=74) (n=73) (n=74)
Preferred Term Y % % Yo
Fiuid Retention 81 80 7 12

- Superficial Edema 81 77 6 5
- Pleural Effusion or Ascites 15 12 3 8
Diarrhea 59 70 3 7
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Nausea 63 74 6 4
Fatigue 48 53 1 1
Muscle Cramps 47 58 0 0
Abdominal Pain 40 37 11 4
Rash and Related Terms 38 53 4 3
Vomiting 38 35 3 5
Musculoskeletal Pain 37 30 6 1
Headache 33 39 0 0
| Flatulence 30 34 0 0
Any Hemorrhage 26 34 6 11
- Tumor Hemorrhage - 1 4 1 4
- Cerebral Hemorrhage 1 1 0
- Gl Tract Hemorrhage 4 4 4 3
- Other Hemorrhage® 22 27 0 5
Pyrexia 25 16 3 0
Back Pain 23 26 6 0
Nasopharyngitis 21 27 0 0
Insomnia 19 18 1 0
Lacrimation Increased 16 18 0 0
Dyspepsia 15 15 0 0
Upper Respiratory Tract Infection 14 18 0 0
Liver Toxicity 12 12 6 8
Dizziness 12 11 0 0
Loose Stools 12 10 0 0
Operation 12 8 6 4
Pharyngolaryngeal Pain 12 7 0 0
Joint Pain 11 15 1 0
Constipation 11 10 0 1
Anxiety 11 7 0 0
Taste Disturbance 3 15 0 0

(" All adverse events occurring in 210% of patients are listed regardless of suspected relationship

to treatment.

@ This category includes conjunctival hemorrhage, blood in stool, epistaxis, hematuria, post-

procedural hemorrhage, bruising, and contusion.
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Clinically relevant or severe abnormalities of routine hematologic or biochemistry
laboratory values are presented in Table 18.

Table 18 Laboratory Abnormalities in GIST Trial

400 mg 600 mg
(n=73) (n=74)
% %
CTC Grades Grade 3 Grade 4 Grade 3 Grade 4
Hematology Parameters
- Anemia 3 0 8 1
- Thrombocytopenia 0 0 1 . 0
— Neutropenia 7 3 8 3
Biochemistry Parameters
— Elevated Creatinine 0 0 3 0
- Reduced Albumin 3 0 4 0
- Elevated Bilirubin 1 0 1 3
- Elevated Alkaline Phosphatase 0 0 3 0
- Elevated SGOT (AST) 4 0 3 3
~ Elevated SGPT (ALT) 6 0 7 1

CTC Grades: neutropenia (Grade 3 20.5-1.0 x 109/L, Grade 4 <0.5 x 109/L), thrombocytopenia (Grade
3210 - 50 x 109/L, Grade 4 <10 x 109/L), anemia (Grade 3 265-80 g/L, grade 4 <65 g/L), elevated
creatinine (Grade 3 >3-6 x upper limit normal range {ULN], Grade 4 >6 x ULN), elevated bilirubin
(Grade 3 >3-10 x ULN, Grade 4 >10 x ULN), elevated alkaline phosphatase, SGOT or SGPT (Grade 3
>5-20 x ULN, Grade 4 >20 x ULN), alburnin (Grade 3 <20 g/L)

Additional Data From Multiple Clinical Trials

The following less common (estimated 1%-10%), infrequent (estimated 0.1%-1%), and rare
(estimated less than 0.1%) adverse events have been reported during clinical trials of Gleevec.
These events are included based on clinical relevance.

Cardiovascular: Infrequent: cardiac failure, tachycardia, hypertension, hypotension, flushing,
peripheral coldness

Rare: pericarditis
Clinical Laboratory Tests: Infrequent: blood CPK increased, blood LDH increased
Dermatologic: Less common: dry skin, alopecia

Infrequent: exfoliative dermatitis, bullous eruption, nail disorder, skin pigmentation changes,
photosensitivity reaction, purpura, psoriasis
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Rare: vesicular rash, Stevens-Johnson syndrome, acute generalized exanthematous pustulos1s
acute febrile neutrophilic dermatosis (Sweet’s syndrome)

Digestive: Less common: abdominal distention, gastroesophageal reflux, mouth ulceration
Infrequent: gastric ulcer, gastroenteritis, gastritis

Rare: colitis, ileus/intestinal obstruction, pancreatitis, diverticulitis, tumor hemorrhage/tumor
necrosis, gastrointestinal perforation (see PRECAUTIONS)

General Disorders and Administration Site Conditions: Rare: tumor necrosis
Hematologic: Infrequent: pancytopenia

Rare: aplastic anemia

Hepatobiliary: Uncommon: hepatitis

rare: hepatic failure

Hypersensitivity: Rare: angioedema

Infections: Infrequent: sepsis, herpes simplex, herpes zoster

Metabolic and Nutritional: Infrequent: hypophosphatemia, dehydration, gout, appetite
disturbances, weight decreased

Rare: hyperkalemia, hyponatremia

Musculoskeletal: Less common: joint swelling
Infrequent: sciatica, joint and muscle stiffness

Rare: avascular necrosis/hip osteonecrosis

Nervous System/Psychiatric: Less common: paresthesia

Infrequent: depression, anxiety, syncope, peripheral neuropathy, somnolence, migraine,
memory impairment

Rare: increased intracranial pressure, cerebral edema (including fatalities), confusion,
convulsions

Renal: Infrequent: renal failure, urinary frequency, hematuria

Reproductive: Infrequent: breast enlargement, menorrhagia, sexual dysfunction

" Respiratory: Rare: interstitial pnéumonitis, pulmonary fibrosis

Special Senses: Less common: conjunctivitis, vision blurred
Infrequent: conjunctival hemorrhage, dry eye, vertigo, tinnitus
Rare: macular edema, papilledema, retinal hemorrhage, glaucoma, vitreous hemorrhage

Vascular Disorders: Rare: thrombosis/embolism
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OVERDOSAGE

Experience with doses greater than 800 mg is limited. Isolated cases of Gleevec® (imatinib
mesylate) overdose have been reported. In the event of overdosage, the patient should be
observed and appropriate supportive treatment given.

A patient with myeloid blast crisis experienced Grade 1 elevations of serum creatinine,
Grade 2 ascites and elevated liver transaminase levels, and Grade 3 elevations of bilirubin
after inadvertently taking 1,200 mg of Gleevec daily for 6 days. Therapy was temporarily
interrupted and complete reversal of all abnormalities occurred within 1 week. Treatment was
resumed at a dose of 400 mg daily without recurrence of adverse events. Another patient
developed severe muscle cramps after taking 1,600 mg of Gleevec daily for 6 days. Complete
resolution of muscle cramps occurred following interruption of therapy and treatment was
subsequently resumed. Another patient that was prescribed 400 mg daily, took 800 mg of
Gleevec on Day 1 and 1,200 mg on Day 2. Therapy was interrupted, no adverse events
occurred and the patient resumed therapy.

DOSAGE AND ADMINISTRATION

Therapy should be initiated by a physician experienced in the treatment of patients with
hematological malignancies or malignant sarcomas, as appropriate.

Philadelphia chromosome positive chronic myeloid leukemia (Ph+ CML)

The recommended dosage of Gleevec® (imatinib mesylate) 1s 400 mg/day for adult
patients in chronic phase CML and 600 mg/day for adult patients in accelerated phase or blast
crisis. The recommended dosage of Gleevec for children with newly diagnosed Ph+ CML is
340 mg/m*/day (not to exceed 600 mg). The recommended Gleevec dosage is 260 mg/m?*/day
for children with Ph+ chronic phase CML recurrent after stem cell transplant or who are
resistant to interferon-alpha therapy.

Philadelphia chromosome positive acute lymphoblastic leukemia (Ph+ALL)

The recommended dose of Gleevec is 600 mg/day for adult patients with
relapsed/refractory Ph+ ALL. '

Myelodysplastic/Myeloproliferative diseases (MDS/MPD)

The recommended dosage of Gleevec is 400 mg/day for adult patients with
MDS/MPD.

Aggressive systemic mastocytosis (ASM)

The recommended dose of Gleevec is 400 mg/day for adult patients with ASM without
the D816V c-Kit mutation. If c-Kit mutational status is not known or unavailable, treatment
with Gleevec 400 mg/day may be considered for patients with ASM not responding
satisfactorily to other therapies. For patients with ASM associated with eosinophilia, a clonal
hematological disease related to the fusion kinase FIPIL1-PDGFRa, a starting dose of 100
mg/day is recommended. Dose increase from 100 mg to 400 mg for these patients may be
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considered in the absence of adverse drug reactions if assessments demonstrate an insufficient
response to therapy.

Hypereosinophilic syndrome/chronic eosiniphilic leukemia (HES/CEL)

For adult patients with HES/CEL the recommended dose of Gleevec is 400 mg/day.
HES/CEL patients with demonstrated FIP1L.1-PDGFRa fusion kinase, a starting dose of
100 mg/day is recommended. Dose increase from 100 mg to 400 mg for these patients may be
considered in the absence of adverse drug reactions if assessments demonstrate an insufficient
response to therapy.

Dermatofibrosarcoma protuberans (DFSP)
The recommended dose of Gleevec is 800 mg/day for adult patients with DFSP.
Gastrointestinal stromal tumors (GIST)

The recommended dosage of Gleevec is 400 mg/day or 600 mg/day for adult patients
with unresectable and/or metastatic, malignant GIST.

General Information

The prescribed dose should be administered orally, with a meal and a large glass of
water. Doses of 400 mg or 600 mg should be administered once daily, whereas a dose of
800 mg should be administered as 400 mg twice a day.

In children, Gleevec treatment can be given as a once-daily dose or alternatively the
daily dose may be split into two - once in the morning and once in the evening. There is no
experience with Gleevec treatment in children under 2 years of age.

Patients with mild and moderate hepatic impairment should be treated at a starting
dose of 400 mg/day. Patients with severe hepatic impairment should be treated at a starting
dose of 300 mg/day. (See CLINICAL PHARMACOLOGY and PRECAUTIONS)

For patients unable to swallow the film-coated tablets, the tablets may be dispersed in
a glass of water or apple juice. The required number of tablets should be placed in the
appropriate volume of beverage (approximately 50 mL for a 100-mg tablet, and 200 ml for a
400-mg tablet) and stirred with a spoon. The suspension should be administered immediately
after complete disintegration of the tablet(s).

Treatment may be continued as long as there is no evidence of progressive disease or
unacceptable toxicity.

In CML, a dose increase from 400 mg to 600 mg in adult patients with chronic phase
disease, or from 600 mg to 800 mg (given as 400 mg twice daily) in adult patients in
accelerated phase or blast crisis may be considered in the absence of severe adverse drug
reaction and severe non-leukemia related neutropenia or thrombocytopenia in the following
circumstances: disease progression (at any time), failure to achieve a satisfactory hematologic
response after at least 3 months of treatment, failure to achieve a cytogenetic response after
6-12 months of treatment, or loss of a previously achieved hematologic or cytogenetic
response.



910
911
912

913
914

915
916

917
918
919

920
921
922
923
924
925
926

927

928
929

930

Page 35

Dosage of Gleevec should be increased by at least 50%, and clinical response should
be carefully monitored, in patients receiving Gleevec with a potent CYP3A4 inducer such as
rifampin or phenytoin.

For daily dosing of 800 mg and above, dosing should be accomplished using the
400-mg tablet to reduce exposure to iron.

Dose Adjustment for Hepatotoxicity and Other Non-Hematologic Adverse
Reactions

If a severe non-hematologic adverse reaction develops (such as severe hepatotoxicity or
severe fluid retention), Gleevec should be withheld until the event has resolved. Thereafter,
treatment can be resumed as appropriate depending on the initial severity of the event.

[f elevations in bilirubin >3 x institutional upper limit of normal (IULN) or in liver
transaminases >5 x [IULN occur, Gleevec should be withheld until bilirubin levels have
returned to a <I.5 x [ULN and transaminase levels to <2.5 x IULN. In adults, treatment with
Gleevec may then be continued at a reduced daily dose (i.e., 400 mg to 300 mg, 600 mg to
400 mg or 800 mg to 600 mg). In children, daily doses can be reduced under the same
circumstances from 340 mg/m?day to 260 mg/m?/day or from 260 mg/mz/day to 200
mg/m*/day, respectively.

Dose Adjustment for Hematologic Adverse Reactions

Dose reduction or treatment interruptions for severe neutropenia and thrombocytopenia are
recommended as indicated in Table 19.

Table 19 Dose Adjustments for Neutropenia and Thrombocytopenia

1. Stop Gleevec until ANC > 1.5
9 .
ASM associated with ANC < 1.0 x10%L x10°/L and platelets > 75 x10%L.

i hilia
eosinophil and/or 2. Resume treatment with Gleevec at

(starting dose 100 mg) platelets < 50 x10%/L previous dose (i.e. before severe
adverse reaction).

1. Stop Gleevec until ANC > 1.5

9

HES/CEL with FIPALA- ANC < 1.0 x 1091 x10%/L and platelets > 75 x10%/L.
PDGFRa fusion kinase and/or 2. Resume treatment with Gleevec at

) previous dose (i.e. before severe
(starting dose 100 mg) platelets < 50 x10%/L adverse reaction).
Chronic Phase CML 1. Stop Gleevec until ANC 21.5 x
(starting dose 400 mg) . 10%L and platelets 275 x 10%L

<1.0x .
ANC a;d /(;’r10 e 2. Resume treatment with Gleevec at

MDS/MPD. ASM and Platelets <50 x 10%/L the on_gmal starting dose of 400 mg
HES/CEL (starting dose 0r600 mg

400 mg) 3. If recurrence of ANC <1.0 x 10%/L




931

GIST
(starting dose either
400 mg or 600 mg)

and/or platelets <50 x 10%/L, repeat
step 1 and resume Gieevec ata
reduced dose (300 mg if starting
dose was 400 mg, 400 mg if
starting dose was 600 mg)

Ph+ CML : Accelerated
Phase and Blast Crisis
(starting dose 600 mg)

Ph+ ALL
(starting dose 600 mg)

ANC <0.5 x 10%/L
and/or
Platelets <10 x 10%L

Check if cytopenia is related to
leukemia (marrow aspirate or
biopsy)

- If cytopenia is unrelated to

leukemia, reduce dose of Gleevec
to 400 mg

If cytopenia persists 2 weeks,
reduce further to 300 mg

If cytopenia persists 4 weeks and is
still unrelated to leukemia, stop
Gleevec until ANC 21 x 10%L and
platelets 220 x 10%L and then
resume treatment at 300 mg

DFSP
(starting dose 800 mg)

ANC < 1.0 x10%L
and/or
platelets < 50 x10%/L

Stop Gleevec until ANC > 1.5
x10%L and platelets > 75 x10%/L.

Resume treatment with Gleevec at
600 mg

. In the event of recurrence of ANC <

1.0 x10%L and/or platelets < 50
x10%L, repeat step 1 and resume
Gleevec at reduced dose of 400
mg.

Newly diagnosed pediatric
chronic phase CML

(start at dose 340 mg/m?)

ANC < 1.0 x10%L
and/or _
platelets < 50 x10%/L

Stop Gleevec until ANC > 1.5 x10%/L
and platelets > 75 x10°/L.

Resume treatment with Gleevec at
previous dose (i.e. before severe
adverse reaction)

In the event of recurrence of ANC < 1.0
x10°/L and/or platelets < 50 x10°/L,
repeat step 1 and resume Gleevec at
reduced dose of 260 mg/m?

Pediatric patients with
chronic phase CML
recurring after transplant or
resistant to Interferon (start
at dose 260 mg/m2

ANC < 1.0 x10%L
and/or
platelets < 50 x10%/L

Stop Gleevec until ANC > 1.5 x10%/L
and platelets > 75 x10°/L.

Resume treatment with Gleevec at
previous dose (i.e. before severe
adverse reaction)

In the event of recurrence of ANC < 1.0
x10%/L and/or platelets < 50 x10°/L,
repeat step 1 and resume Gleevec at
reduced dose of 200 mg/m?

Page 36
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HOW SUPPLIED

Each film-coated tablet contains 100 mg or 400 mg of imatinib free base.

100-mg Tablets

Very dark yellow to brownish orange, ﬁlrﬁ-coated tablets, round, biconvex with bevelled
edges, debossed with “NVR” on one side, and “SA” with score on the other side.

Bottles of 100 tablets.........................o... e, NDC 0078-0401-05

400-mg Tablets

Very dark yellow to brownish orange, film-coated tablets, ovaloid, biconvex with bevelled
edges, debossed with “400” on one side with score on the other side, and “SL” on each side of
the score.

Bottles of 30 tablets. .o NDC 0078-0438-15

Storage

Store at 25°C (77°F); excursions permitted to 15-30°C (59-86°F) [see USP Controlled Room
Temperature]. Protect from moisture.

Dispense in a tight container, USP.

T2006-XX-XX

REV: 2006 XXXXXXX 2006

XXXXXX
b NOVARTIS
Manufactured by: Distributed by:
Novartis Pharma Stein AG Novartis Pharmaceuticals Corporation
Stein, Switzerland East Hanover, New Jersey 07936
© Novartis
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Division Director Summary Review of an Efficacy Supplement

NDA: 21-588/S-011
Drug: Gleevec (imatinib mesylate) Tablets

Applicant: Novartis Pharmaceuticals Corporation
Date: October 17,2006

This efficacy supplement seeks approval of Gleevec for the treatment of “Adult patients
with unresectable, recurrent and/or metastatic dermatofibrosarcoma protuberans

(DFSP).” The following summary of safety and effectiveness data is taken from the draft
labeling. ‘

Dermatoﬁbrosarcoma Protuberans (DFSP) is a cutaneous soft tissue sarcoma. Ttis
' on of chromosomes 17 and 22 This translacatlon
the collagen type 1 alpha 1 gene and the PDGF B -

An.open label, multicenter, phase 2 study was conducted testing Gleevec in a
d1verse populatlon of patlents suffermg from hfe threatemng dlseases assoc1ated

ier 400 mg (4'cases) or 800 mg
t-received 400: mg/mz/dally, subsequently mcreased
t0'520 mg/m /dally Ten patlents had the PDGF B gene rearrangement, 5 had no

available cytogenetics and 3 had complex cytogenetic ; abnormalities. Responses to
treatment are described in Table 8.

Table 8 Response in DFSP
Number of patients (n=18) %
Complete response T - 39
Partial response * 8 44
- Total responders 15 83

* 5 patients made disease free by surgery

Twelve of these 18 patients either achieved a complete response (7 patients) or
were made disease free by surgery after a partial response (5 patients, including
one child) for a total complete response rate of 67%. A further 3 patients achieved
a partial response, for an overall response rate of 83%. Of the 8 patients with



metastatic disease, five responded (62%,), three of them completely (37%). For the
10 study patients with the PDGF B gene rearrangement there were 4 complete
and 6 partial responses. The median duration of response in the phase 2 study was
6.2 months, with a maximum duration of 24.3 months, while in the published
literature it ranged between 4 weeks and more than 20 months.

Adverse events, regardless of relationship to study drug, that were reported in at
least 10% of the 12 patients treated with Gleevec for DFSP in the phase 2 study
are shown in Table 15.

" Table 15 Adverse Experlences Reported in DFSP Patients in the Phase 2 Study
(=10% all patlents) all Grades

- N=t2

Vommng . 3 (2-5';0)

Periorbital edema 4133.3)
Face edema ' . 2{18.7)

2(167)

Clinically relevant or severer.laboratoryvabnor-ma-l.i-ties in-the- 1~--2,~patiénts treated
with Gleevec for DFSP in the phase 2 study are presented in Table 16.

Table 16 Laboratory Abnormalities Reported in DFSP Patients in the Phase 2

Study
N=12

CTC Grades Grade 3 Grade 4
Hematology Parameters :
- Anemia 17 % 0%
- Thrombocytopenia 17% 0%
- Neutropenia 0% 8%
Biochemistry Parameters
- Elevated Creatinine 0 % 8%

CTC Grades: neutropema (Grade 3 20.5-1.0 x 10%/L, Grade 4 <0.5 x 10%/L), thrombocytopenia
(Grade 3 210-50x 10 °IL, Grade 4 <10 x 109/L) anemia (Grade 3 265-80 g/L, grade 4 <65
g/L), elevated creatinine (Grade 3 >3-6 x upper limit normal range [ULN], Grade 4 >6 x ULN),



Clinical and Statistical Review

A combined Clinical and Statistical Review by Martin Cohen, M.D. and Kun He, Ph.D.
was completed on September 9, 2006. The review made the following recommendation
on regulatory action.

The reviewing medical officer recommends regular approval of the proposed
indication: “Gleevec is indicated for the treatment of adult patients with
unresectable, recurrent and/or metastatic dermatofibrosarcoma protuberans
(DFSP)”. Clinical benefit is demonstrated by a complete response rate of 39% and
by the fact that partial responses allowed patients to be rendered dlsease free by
surgery. DFSP has a characteristic (17:22)(q22:q13) translo

 platelet-derived growth factor B-chain ( - genes that n

: —cand1date for Gleevec tre tmer t~Thls t

The 3 patlents w1th0ut the translocatlon had complex cytogenetlc abnormalities.
One of the three had a treatment response. The rarity of occurrence 6f DFSP
makes randomized trials impractical. :

Hosp1ta1 Comell The mspectlon summary s overall assessment of fmdmgs is quoted
below. :

In general, for the two study sites inspected, it appea‘rs that sufficient

documentation to assure that study subjects audited at the two sites did exist, =
study eligibility criteria were fulfilled, participants received assigned study

medications, and adverse events were adequately reported. Primary endpoints and

secondary endpoints were captured in accordance with protocol requirements.

Clinical Pharmacology Review

" The Clinical Pharmacology Review by Julie Bullock, Pharm.D., was completed on
September 21, 2006. Dr. Bullock recommended the following,.



The clinical pharmacology information provided in this supplemental NDA is
acceptable. No action is indicated. There were no labeling changes relevant to
Clinical Pharmacology proposed by the sponsor.

Chemistry Review

The Chemistry Review by Chengyi Liang, Ph.D. was completed on February 28, 2006
and recommended approval from the standpoint of CMC.

Conclusion

B I concur w1th the rev1ewers recommendatlons that the supplement should be approved
: Althoug the dataset is llmlted thls is a rare dlsease in. Wthh Gleevec has demonstrated
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Division Director Summary Review of an Efficacy Supplement

NDA: 21-588/S-012

Drug: Gleevec (imatinib mesylate) Tablets
Applicant: Novartis Pharmaceuticals Corporation
Date: October 17, 2006

This efficacy supplement seeks approval of Gleevec for the treatmént of “Adult patients
with myelodysplastic/myeloproliferative diseases (MDS/MPD) associated with PDGFR
(platelet-derived growth factor receptor) gene re-arrangements.” The following
summary of safety and effectiveness data is taken from the draft labeling.

gene re- arrangement in molecular relapse after bone marrow transplant responded
molecularly. Median duration of therapy was 12.9 months (0.8-26.7) in the 7
patients treated within the phase 2 study and ranged between 1 week and more
than 18 months in responding patients in the published literature. Results are
provided in table 5. Response durations of phase 2 study patients ranged from
141+ days to 457+ days. -



Table 5 Response in MDS/MPD

N Complete hematological Major Cytogenetic
response response
_ N (%) _ N (%)
Overall population 31 14 (45) : 12 (39)
Chromosome 5 14 11(79) 11(79)
translocation
Chromosome 4 2 2 (100) 1 (50)

translocation

o 0(0)

. s

2(28.6) v '
Muscle cramp 3(42.9)
Arthralgia ' 2 (28.6)
Periorbital edema - 2 (28.6)

Clinical and Statistical Review

A combined Clinical and Statistical Review by Martin Cohen, M.D. and Kun He, Ph.D.

was completed on September 13, 2006. The review made the following recommendation
on regulatory action. A '

RN



The medical reviewer recommends that regular approval be granted for the
proposed indication “Gleevec is indicated for the treatment of adult patients with
myelodysplastic/myeloproliferative diseases (MDS/MPD) associated with
PDGEFR (platelet-derived growth factor receptor) gene re-arrangements”. Clinical
benefit is demonstrated by long duration responses. Further, the rarity of '
occurrence of myelodysplastic/myeloproliferative diseases (MDS/MPD)
associated with PDGFR (platelet-derived growth factor receptor) gene re-
arrangements makes randomized trials impractical. To prevent confusmn with
standard MDS this entity is best called MPD/MDS.

Clinical Inspeetion Summary

The Chemistry Review by ChengYi Liang, Ph.D. was completed on February 28, 2006
and recommended approval from the standpoint of CMC.

Conclusion

I concur with the reviewers’ recommendations that the supplement should be approved.
Although the dataset is limited, this is a rare disease in which Gleevec has demonstrated
clinically meaningful efficacy with acceptable toxicity.

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

Division of Drug Oncology Products



Office of Oncology Drug Products
; ‘ ' Office of New Drugs

Center for Drug Evaluation and Research




\

This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature. '

Robert Justice
10/17/2006 04:10:08 PM
MEDICAL OFFICER




Division Director Summary Review of an Efficacy Supplement

- NDA: 21-588/S-013
Drug: Gleevec (imatinib mesylate) Tablets

Applicant: Novartis Pharmaceuticals Corporation
Date: October 17, 2006

This efficacy supplement seeks approval of Gleevec for the treatment of “Adult patients
with relapsed or refractory Ph+ ALL.” The following summary of safety and
effectiveness data is taken from the draft labeling.

A total of 48 Philadelphia chromosome positive acute lymphoblastic leukemia -

',‘(Ph+ ALL) patients wi relapsed/refractory disease were studied, 43- of Whom
received the recomimended-Gleevec dose of 600 mg/day. In. addition 2 pauents
with relapsed/refractory Ph+ ALL received Gleevec 600 mg/day in a phase 1
study.

matologic-and cytoge

¢ response rates for the 43 relapsed/refractory

4. The median duration of hematologic response was 3.4 months and the median
_duration of MCyR was 2.3 months. .

, Phase 2 Study- (N=43) | Phase 1 Study. (N=2)
CHR I 819%) 2100%)
NEE - - - [ 5¢12%)
RTC/PHR 11 (26%)
MCyR 15 (35%)
CCyR 9 (21%)
PCyR 1 6(14%)

The adverse reactions were similar for Ph+ ALL as for CML. The most frequently
reported drug-related adverse events reported in the Ph+ ALL studies were mild
nausea, vomiting, diarrhea, myalgia, muscle cramps and rash, which were easily
manageable. Superficial edemas were a common finding in all studies and were
described primarily as periorbital or lower limb edemas. However, these edemas
were rarely severe and may be managed with diuretics, other supportive
measures, or in some patients by reducing the dose of Gleevec.



Clinical and Statistical Review

A combined Clinical and Statistical Review by Martin Cohen, M.D. and Kun He, Ph.D.
was completed on September 8, 2006. The review made the following recommendation
on regulatory action.

The clinical reviewer recommends that Gleevec receive regular approval for the
treatment of adult patients with relapsed/refractory Ph+ ALL. This is based upon
the induction of both hematologic and cytogenetic responses in this patient
population. For the 7 Ph+ ALL/LBC patients in the phase 1 study (03001) who

- received Gleevec doses of 600 mg/day or higher 3 had a complete hematologic
response (CHR) For the 43 patlents W1th Ph+ ALL treated w1th Gleevec 600

. ( > Were 8 CHR’ ,
(19%), 3 NEL’s (7%) and 13 RTC/PR’s (30%) In the FDA analysis that mcluded
both confirmed and unconfirmed responses there were 8 CHR’s (19%), 5 NEL’s

(12%) and 11 RTC’s (26%).

The median time to progression in study 0109 was 2.6 months (95% CI 1.9, 3.0).
- In‘the expanded access study 0114 the median TTP was 3.1 months (95% CI 3.0,
4.0).

Gleevec was generally well tolerated. The most frequently reported non-
hematological AEs included nausea, vomiting, pyrexia and peripheral edema. In
the population of older patients (= 55 years) the efficacy and safety results were
comparable to those obtained in the younger population (< 55 years old). No new
safety concerns were raised.

Clinical Inspection Summary

The Clinical Inspection Summary by Lloyd Johnson, Pharm.D. is dated July 3, 2006.
Two clinical investigators and sites from study B2225 were inspected: Dr. George
Demetri of the Dana-Farber Cancer Institute and Dr. Richard Silver of the New York



'Hospital-Cornell. The inspection summary’s overall assessment of findings is quoted
below. '

In general, for the two study sites inspected, it appears that sufficient

- documentation to assure that study subjects audited at the two sites did exist,
study eligibility criteria were fulfilled, participants received assigned study
medications, and adverse events were adequately reported. Primary endpoints and
secondary endpoints were captured in accordance. with protocol requirements.

Clinical Pharmacology Review

-l 1.D., was completed on
nded the following,

The clinical pharmacology information provided in this supp'lemenfal NDA is
acceptable. No action is indicated. There were no labeling changes relevant to

Clinical Pharmacolo; by the sponso

I concur with the reviewers’ recommendations that this supplement should be approved.
Although the dataset is limited, this is an uncommon disease in which Gleevec induced
complete hematologic responses in 19% of patients and no evidence of leukemia in 12%.
In addition 35% of patients had major cytogenetic responses. Although the response
durations were brief, the toxicity was acceptable and this patient population needs
additional therapeutic alternatives.

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

Division of Drug Oncology Products
Office of Oncology Drug Products
Office of New Drugs

Center for Drug Evaluation and Research
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Division Director Summary Review of an Efficacy Supplement

NDA: 21-588/S-014
Drug: Gleevec (imatinib mesylate) Tablets

Applicant: Novartis Pharmaceuticals Corporation
Date: October 17, 2006

This efficacy supplement seeks approval of Gleevec for the treatment of “Adult patients
with aggressive systemic mastocytosis without the D816V ¢-Kit mutation or with cKit

mutational status unknown.” The following summary of safety and effectiveness data is
taken from the draft labeling. '

o el, multicenter, phase 2 study was conducted testing Gleevecin
i r-rSe:»populatiCns.oﬁ-patiiéﬁtsﬂ_'_suffgr ¢ from life-thireatening diseases associated
" with Abl, Kit of PDGFR protein tyrosine kinases. This study included 5 patients
with aggressive systemic mastocytosis (ASM). The ASM patients were treated

with 100 mg to 400 mg of Gleevec daily. These 5 patients ranged from 49 to
74y ) ' 0

of age. In addition to these 5 patients, 10 published case reports and case

rdeletion en

Wi ogerietic abnormality were pr narntly males and had eosinophilia
-associated with their systemic mast cell disease. Twe patients had a Kit mutation
in the juxtamembrane region (one Phe522Cys and one K5091) and four patients

~had a D816V ¢-Kit mutation (1ot considered sensitive 1o Gleevec), one with™
concomitant CML. . T ‘

Of the total population of 28 patients treated for ASM, 8 (—) achieved a
complete hematologic response and 9 (32%) a partial hematologic response (
overall response rate). Median duration of Gleevec therapy for the 5 ASM
patients in the phase 2 study was 13 months (range 1.4-22.3 months) and between
1 month and more than 30 months in the responding patients described in the
published medical literature. A summary of the response rates to Gleevec in

ASM is provided in Table 6. Response durations of literature patients ranged
from 1+ to 30+ months. '

old)



Table 6 Response in ASM

Cytogenetic abnormality _ Number of Complete Partial
\ patients hematologic hematologic
response response
N (%) ' N (%)
FIP1L1-PDGFRa fusion kinase (or CHIC2 7 o T7(100%) : 0
deletion)
Juxtamembrane mutation 2 0 (0%) 2 (100%)
Unknown or no cytogenetic abnormality 15 0(0%) 7 (44%)
detected
D816V mutation 1* (25%) ' 0 “(M
Total

8(—) 2 32%)

* Gleevec has not been show to be effective in patients with less aggressive forms
of systemic mastocytosis. Gleevec is therefore not recommended for use in
patrents w1th cutaneous mastocytos1s 1ndolent systemrc mastocytosrs (smoldermg

2 -of the 5 patients ini the phase 2 study with ASM discontinued
Gleevec due to drug related adverse events or abnormal laboratory values

Clinical and Statistical Review

A combined Clinical and Statistical Review by Martin Cohen, M.D. and Kun He, Ph.D.
was completed on September 13, 2006. The review made the following recommendation
on regulatory action. :

The medical reviewer recommends that regular approval be granted for the
following indication:. “Gleevec is indicated for the treatment adult patients with
aggressive systemic mastocytosis without the D816V ¢-Kit mutation or with cKit
mutational status unknown”. Approval does not include patients with cutaneous
mastocytosis, indolent systemic mastocytosis (smoldering SM or isolated bone
marrow mastocytosis), patients with SM and an associated clonal hematological



non-mast cell ﬁneage disease, mast cell leukemia, mast cell sarcoma or ,
extracutaneous mastocytoma. Patients that harbor the D816V mutation of c-Kit
are not sensitive to Gleevec and should not receive Gleevec.

Clinical benefit is demonstrated by long duration responses. Further, the rarity of
occurrence of aggressive SM with absent ¢-Kit D816V mutation makes
randomized trials impractical. The number of patients suffering from smoldering
and aggressive SM in the USA is estimated to be 20,000, among which 8,000 are
adults and 12,000 children. Kit D816V mutation is present in approximately 60%
of the adults, leaving 3000 adults without D816V mutation. Aggressive
mastocytosis represents less than 5% of adult cases or less than 150 patients.

A summary of responses in aggressive SM is shown below. -

The review had the following phase 4 request.

Assure availability of a validated test kit for detection of the D816V c¢-kit
mutation. An IDE or Pre-Market Application filing by Novartis or a 3rd party
should occur no later than 4 months after Gleevec approval for this indication.

Clinical Inspection Summary

Clinical inspections were not requested for this supplement.



Clinical Pharmacology Review

The Clinical Pharmacology Review by Julie Bullock, Pharm.D., was completed on
September 21, 2006. Dr. Bullock recommended the following.

The clinical pharmacology information provided in this supplemental NDA is
acceptable. No action is indicated. There were no labeling changes relevant to
Clinical Pharmacology proposed by the sponsor.

‘Chemistry Review

‘The Cheinistry Review by Chengyi Liang, Ph.D: was compléted on May 22,2006 and ~~ =~
recommended approval from the standpoint of CMC.

AConclusion. . e

.. 1.concur with the reVLewers recommendatmns that tho supplsment should bo approved

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

Dlrector

D1v1s1on of Drug Oncology Products
Office of Oncology Drug Products
Office of New Drugs

Center for Drug Evaluation and Research
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 Addendum to Division Director Summary Review

NDA: 21-588/S-017
Drug: Gleevec (imatinib mesylate) Tablets

Applicant: Novartis Pharmaceuticals Corporatlon
Date: October 18, 2006

The applicant noted an error in Table 7 of the draft label which was quoted in my review.
There were 9, rather than 16, partial responders who were negative for the FIP1L1-
PDGFRa fusion kinase. This was confirmed by the medical reviewer, Dr. Martin Cohen.
The correct response rates are show below.

R Table7 .
Cytogenetlc abnormahty ' Lo 6. Partial -
“hefnatological -~ hematological
response response
N (%) N (%)
Posmve FIP1L1- 0

;PDGFRafusxon,kmase o 61 - 61 (100%)

Total 176 107 (61%) PR

Dlmsmn of Drug Oncology Products
Office of Oncology Drug Products
“Office of New Drigs ™ N

Center for Drug Evaluation and Research
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Division Director Summary Review of an Efficacy Supplement

NDA: 21-588/S-017
Drug: Gleevec (imatinib mesylate) Tablets

Applicant: Novartis Pharmaceuticals Corporation
Date: October 17, 2006

This efficacy supplement seeks approval of Gleevec for the treatment of “Adult patients
with hypereosinophilic syndrome (HES) and/or chronic eosinophilic leukemia (CEL)
who demonstrate either the FIP1L1-PDGFRa fusion kinase (mutational analysis or FISH
demonstration of CHIC2 allele deletion) as well as for patients who-are FIP1L1-
PDGFRa: fusion Kinasé negative or unknown.”

One open label mulucenter phase 2 study was conducted testmg Gleevec in

AS.’ '

Table 7 Response in HES/CEL
“Cytogenetic abnormality " 'Numberof  Complete Partial
patients ~ hematological hematological
response response
N (%) : N (%)

Positive FIP1L1-PDGFRa fusion kinase 61 ' 61 (100%) 0

Negative FIP1L1-PDGFRa fusion kinase 56 12 (21%) —_— b(4)
Unknown cytogenetic abnormality 59 34 (58%) 7.(12%) '
Total . 176 107 (61%) 23 (13%)

The safety profile in the HES/CEL patient population does not appear to be
different from the known safety profile of imatinib observed in other hematologic
malignancy populations, such as CML. All patients experienced at least one
adverse event, the most common being gastrointestinal, cutaneous and
musculoskeletal disorders. Hematological abnormalities were also frequent, with
instances of CTC grade 3 leukopenia, neutropenia, lymphopenia and anemia.



Clinical and Statistical Review

A combined Clinical and Stétistical Review by Martin Cohen, M.D. and Kun He, Ph.D.
was completed on September 13, 2006. The review made the followmg recommendation
on regulatory action.

The medical reviewer recommends that regular approval be granted. Clinical
benefit is demonstrated by long duration responses. The overall CHR rate was
61% and the PHR rate was 9%. Response durations for the 4 HES PR’s in study
B2225 were at least 348, 394, 131 and 183 days and response durations in
literature patients ranged from 1.5+ months to 44 months. In addition, the rarity of
occurrenee of HES with or without demonstrated FIP 1L1 PDGF Ra fuswn kmase
makes rando 1

Availabiﬁty of an aséay for the FIP1L1-PDGFRa fusioh kinase (mutational
analysis or FISH demonstration of CHIC? allele deletion) is necessary because
the Gleevec starting dose for such patients is 100 mg/day. :

" The review also recommended the following phase 4 request.

"fu n kmase The Pre-Market Apphca’uon
(PMA) ﬁlmg‘by a3rd party shiould bccur 3 months after approval.

Clinical Inspection Summary
Clinical inspections were not requested for this supplement.

Clinical Pharmacology Review

The Clinical Pharmacology Review by J ulie Bullock, Pharm.D., was completed on
September 21, 2006. Dr. Bullock recommended the following.



The clinical pharmacology information provided in this supplemental NDA is
acceptable. No action is indicated. There were no labeling changes relevant to
Clinical Pharmacology proposed by the sponsor.

Chemistry Review

The Chemistry Review by Chengyi Liang, Ph.D. was completed on June 28, 2006 and
recommended approval from the standpoint of CMC.

Conclusion

durable compléfe hematologlc responses w1tﬁwaccé1§table toxicity. The proposed test tkit
for detection of the FIP1L1-PDGFRa fusion kinase will identify patients who are more
likely to benefit from the drug.

‘Office of New D

Center for Drug Evaluation and Research
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‘Application Type NDA 21-588

Submission Number SE1
Submission Code 012 (MDS/MPD)

- Letter Date -12/19/05 |
Stamp Date - 12/19/05
Reviewer Name Martin H. Cohen, M.D.
Statistician | o Kun He, Ph.D.
Review Completion Date 6/01/06 |
Established Name Imatinib mesylate (STI571)
Trade Name Gleevec |
Therapeutic Class - Molecularly targeted drug
‘Sponsor - Novartis - S
Priority Designation S
Formulation

GlécVeC®'({matinib mesylate) film-coated tablets contain imatinib mesylate equivalent to
100 mg or 400 mg of imatinib free base.

Dosing Regimen

The recommended dosage of Gléevec® (imatinib mesylate) is 400 mg/day for adult -
patients with myelodysplastic syndrome/myeloproliferative disease (MDS/MPD).

The recommended dosage of Gleevec® (imatinib mesylate) is 400 mg/day for adult

- patients in chronic phase CML and 600 mg/day for adult patients in accelerated phase or
blast crisis. The recommended Gleevec dosage is 260 mg/m*/day for children with Ph+
chronic phase CML recurrent after stem cell transplant or who are resistant to interferon-
alpha therapy. The recommended dosage of Gleevec is 400 mg/day or 600 mg/day for

- adult patients with unresectable and/or metastatic, malignant GIST.

The prescribed dose should be administered orally, with a méal and a large glass of | _
water. Doses of 400 mg or 600 mg should be administered once-daily, whereas a dose of
800 mg should be administered as 400 mg twice a day.

Indicatibn(s)

Proposed Indication: Gleevec is indicated for the treatment of adult patients with-
myelodysplastic/myeloproliferative diseases (MDS/MPD) associated with PDGFR
(platelet—dg;ived growth factor receptor) gene re-arrangements. |
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Clinical and Statistical Review

Gleevec® (imatinib mesylate) is indicated for the treatment of newly diagnosed adult \§ ,
patients with Philadelphia chromosome positive chronic myeloid leukemia (CML) in '
chronic phase. Follow-up is limited.

 Gleevec is also indicated for the treatment of patients with Philadelphia chromosome
positive chronic myeloid leukemia (CML) in blast crisis, accelerated phase, or in chronic
phase after failure of interferon-alpha therapy. Gleevec is also indicated for the treatment
of pediatric patients with Ph+ chronic phase CML whose disease has recurred after stem
cell transplant or who are resistant to interferon-alpha therapy. There are no controlled
trials in pediatric patients demonstrating a clinical benefit, such as 1mprovement in
disease-related symptoms or increased survwal

Gleevec is also mdlcated for the treatment of patients with Kit (CDl 17) posmve
unresectable and/or metastatic malignant gastrointestinal stromal tumors (GIST). The
effectiveness of Gleevec in GIST is based on objective résponse rate. There are no -

~ controlled trials demonstrating a clinical benefit, such as improvement in disease- related
symptoms or increased survival.

A lntende_d Population’

See indication. MDS/MPD patients may have a chromosome 5 translocation presumably
involving PDGFRJ or a chromosome 4 translocation presumably involving PDGFRa.

A
Az
el

s
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1.0 EXECUTIVE SUMMARY

The purpose of the present submission is to present data to support the proposed
indication: ' '

The current submission includes efficacy and safety data for 7 patients with MDS/MPD
treated in an open label, multicenter, Phase II clinical trial (study B2225) and a further 24
patients with MDS/MPD who were summarized in 13 published studies. Of the total 31
patients, 4 study B2225 patients and 10 literature patients had a chromosome 5
translocation presumably involving PDGFR and 2 literature patients had a chromosome ,
4 translocation presumably involving PDGFRa. Of the 4 B2225 patients with a
chromosome 5 translocation imatinib treatment produced complete hematologic.and
cytogenetic responses in 2 patients and a long duration partial response in a third patient.
The fourth patient was non-evaluable. One additional B2225 complete responder hada
non-evaluable karyotype. Of the 10 literature patients with a chromosome 5 translocation
9 had complete haematological responses of 4+ months to 18+ months duration (median
11+ months). Eight of these patients also had a complete cytogenetic response and the
remaining patient had a major cytogenetic resoponse. Of the 2 literature patients with a
chromosome 4 translocation both had complete hematologic responses of 3+ months and
7+ months duration with imatinib treatment.. o '

1.2 Recommendation On Reguiatory Action -

The medical reviewer recommends that regular approval be granted for the proposed -
indication “Gleevec is indicated for the treatment of adult patients with myelodysplastic/ % .
myeloproliferative diseases (MDS/MPD) associated with PDGFR (platelet-derived growth
factor receptor) gene re-arrangements”. Clinical benefit is demonstrated by long duration
responses. Further, the rarity of occurrence of myelodysplastic/myeloproliferative -
diseases (MDS/MPD) associated with PDGFR (platelet-derived growth factor receptor) .

gene re-arrangements makes randomized trials impractical. To prevent confusion with
standard MDS this entity is best called MPD/MDS.

1.3 'Recommendation On Post-marketing Actions
Continue post-marketing surveillance:

131 Risk Management Activity
Co_ntinué pos't-marketing-sﬁrveillance of AE's
1.3.2 Required Phase 4 Comﬁiitments
None | | |
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1.3.3  OtherPhase 4 Requests "’}
: E

Assure availability of a validated test kit for detection of PDGFR gene rearrangement by
FISH analysis. The Pre-Market Application (PMA) ﬁhng by a 3" party should occur by 4
months after approval.

1.4 SUMMARY OF CLINICAL FINDINGS
1 41 Brief Overview of Clinical Prog-ram

The clinical program includes efficacy and safefy data for 7 patients with MDS/MPD
treated in an open label, multicenter, Phase II clinical trial (study B2225) and a further 24
patients thh MDS/MPD who were summanzed in 13 published reports.

1.4.2 Efficacy

Of the 7 MDS/MPD patients treated in study B2225 and the 24 patients with MDS/MPD
summarized in the published literature 4 study B2225 patients and 10 literature- patients

‘had a chromosome 5 translocation presumably involving PDGFRp and 2 literature

patients had a chromosome 4 translocation presumably involving PDGFRa. Of the 4
'B2225 patients with a chromosome 35 translocation imatinib treatment: produced complete
hematologlc and cytogenetic responses in 2 patients and a long duration partial response

in a third patient. The fourth patient was non-evaluable for response. One additional

B2225 complete responder had a non-evaluable karyotype. Of the 10 literature patients

with a chromosome 5 translocation 9 had complete haematological responses of 4+ .'

months to 18+ months duration (median 11+ months). Eight of these patients also had a
.complete cytogenetic response and the remaining patient had a major cytogenetic Ty
response. Of the 2 literature patients with a chromosome 4 translocation both had _
complete hematologic responses of 3+ months and 7+ months duration with imatinib -
treatment. Of the 2 imatinib treated B2225 patients who had a normal karyotype and the
12 literature patients without a chromosome 5 translocatlon there was only 1 partial
hematologlc response. o N

w A
22

. g

1.4.3 Safety

Adverse events in MDS/MPD patients ‘were similar to ‘those observed in other Gleevec
studies. Most were of CTC grade 1 or 2 in severity. AE’s included nausea, diarrhea,
fatigue, muscle cramps, arthralgia and ﬂuld retention. Laboratory abnormahtxes included
anemia.

MDS/MPDdiseases might be associated with high eosinophil levels, Performance of an
echocardiogram and determination of serum troponin should be therefore considered.in
patients with MDS/MPD diseases associated with high eosinophil levels. If eitheris
abnormal, the prophylactic use of systemic steroids (1-2 mg/kg) for one to.two weeks
concomitantly- w1th imatinib should therefore be consuiered at the 1n1t1at10n of therapy.

NDA 21-588S-012 -3 ; » ~ v ;g
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Follow-up, to-date indicate that the following toxicities may be of concern:

Dermatologic Toxicities: Bullous dermatologic reactions, including erythema
multiforme and Stevens-Johnson syndrome. In some reported cases a recurrent - .
dermatologic reaction was observed upon rechallenge. Several reports have described
cases in which patients tolerated the reintroduction of Gleevec therapy after resolution or
improvement of the bullous reaction. In these instances, Gleevec was resumed at a dose
lower than that at which the reaction occurred and some patients also received - '
concomitant treatment with cortlcostermds or antihistamines.

Fluid Retention and Edema: Gleevec is often associated with edema and occaswnally
serious fluid retention. The probability of edema was increased with higher Gleevec dose
and age >65 years in the CML studies. Severe superﬁ01al edema was reported in 1.1% of
newly diagnosed CML patients taking Gleevec, and in 2%-6% of other adult CML
patients taking Gleevec. In addition, other severe fluid retention (e.g., pleural effusion,
pericardial effusion, pulmonary edema, and ascites) events were reported in 0.7% of

newly diagnosed CML patients taking Gleevec, and in 2%-6% of other adult CML
 patients taking Gleevec. Severe superficial edema and severe fluid retention (pleural
effusion; pulmonary edema and ascites) were reported in 1%-6% of patients taking .
Gleevec for GIST. There have been post-marketing reports; including fatalities, of
cardiac tamponade, cerebral edema, increased intracranial pressure, and papllledema in
patients treated with Gleevec. :

Gastrointestinal Disorders: Gleevec is sometimes associated with GI irritation. Gleevec :

should be taken with food and a large glass of water to minimize this problem. There
have been rare reports, including fatalities, of gastrointestinal perforation.

Hemorrhage: In the newly diagnosed CML trial, 1.1% of patients had Grade 3/4
hemorrhage. In the GIST clinical trial, seven patients (5%), four in the 600-mg dose

~ group and three in the 400-mg dose group, had a total of eight events of CTC Grade 3/4 -

- gastrointestinal (GI) bleeds (3 patients), intra-tumoral bleeds (3 patients) or both (1
patlent) Gastromtestmal tumor sites may have been the source of GI bleeds

Hematologic Toxicity: Treatment thh Gleevec is associated with anemia, neutropema
and thrombocytopenia. In CML, the occurrence of these cytopemas is dependent on the
stage of disease and is more frequent in patients with accelerated phase CML or blast
crisis than in patients with chronic phase CML. ‘

Hepatotoxtcuy Hepatotoxicity, occasionally severe, may occur with Gleevec.

Toxicities From Long-Term Use: Potential toxicities suggested by animal studxes
include liver and kidney toxicity and i immuriosuppression. Severe liver toxicity was
observed in dogs treated for 2 weeks, with elevated liver enzymes, hepatocellular
necrosis, bile duct necrosis, and bile duct hyperplasia. Renal toxicity was observed in
monkeys treated for 2 weeks, with focal mineralization and dilation of the renal tubules -
and tubular nephrosis. Increased BUN and creatinine were observed in several of these
- animals. An increased rate of opportunistic infections was observed with chronic imatinib
treatment in laboratory animal studies. In a 39-week monkey study, treatment with

NDA 21-588S-012 9
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imatinib resulted in worsening of normally suppressed malarial infections in these N R N\E
animals. Lymphopenia was observed in animals (as in humans) '

1.4.4 Dosing Regimen and Administration

The recommended dosage of Gleevec® (imatinib mesylate) is 400 mg/day for adult
patients with MDS/MPD.

1.4.5 'Drug-Drug Interactions

CYP3A44 Inhtbttors Substances that inhibit the cytochrome P450 i isoenzyme (CYP3 Ad)
activity (e.g., ketoconazole, itraconazole, erythromycin, clarithromycin).may decrease
metabolism and increase imatinib concentrations. There is a significant increase in

~ exposure to imatinib (mean Cpa and AUC increased by 26% and 40%, respectively)
when Gleevec is coadministered with ketoconazole (CYP3A4 inhibitor).

- CYP344 Indzgcers. Substances that are inducers of CYP3A4 activity may increase
metabolism and decréase imatinib plasma concentrations. Co-medications that induce
CYP3A4 (e.g., dexamethasone, phenytoin, carbamazepine, rifampin, phenobarbital-or St..
John’s Wort) may significantly reduce exposure to Gleevec. Pretreatment of healthy

* volunteers with multiple doses of rifampin followed by a single dose of Gleevec,
increased Gleevec oral-dose clearance by 3.8-fold, which significantly (p<0.05)
decreased mean Cpax and AUC(p). In patients where rifampin or other CYP3A4 inducers
are indicated, alternatrve therapeutlc agents with less. enzyme induction potential should
be consrdered

CYP344 Substrates Gleevec increases the mean Cmax and AUC of simvastatin (CYP3A4
substrate) 2- and 3.5-fold, respectively, suggesting an inhibition of the CYP3A4 by - 2
Gleevec. Particular caution is recommended when administering Gleevec with CYP3A4

substrates that have a narrow therapeutic window (e.g., cyclosporine or pimozide).

Gleevec will increase plasma concentration of other CYP3 A4 metabolized drugs (e.g.,
triazolo-benzodiazepines, dihydropyridine calcrum channel blockers, certain HMG~COA

reductase mhrbltors etc)

- Because warfarin is metabolized by CYP2C9 and CYP3A4 patients who require -
antrcoagulatron should receive low-molecular weight or standard heparin.

In vitro, Gleevec inhibits the cytochrome P450 isoenzyme CYP2D6 activity at similar
concentrations that affect CYP3A4 activity. Systemic exposure to substrates of CYP2D6
is expected to be increased when coadministered with Gleevec. No specific studies have
been performed and caution is recommended.

In vitro, Gleevec inhibits acetaminophen O-glucuronidation (K; value of 58.5 pM) at
therapeutic levels. Systemic exposure to acetaminophen is expected to be increased when
coadmlmstered with Gleevec. No specific studies in humans have been performed and
caution is recommended
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Enzyme Inhibition: Human liver microsome studies demonstrated that Gleevec is a
potent competitive inhibitor of CYP2C9, CYP2D6, and CYP3A4/S with Kivalues of 217,
7.5 and 8 uM, respectively. Gleevec is likely to increase the blood level of drugs that are
substrates of CYP2C9, CYP2D6 and CYP3A4/5.

1.4.6 Special Populations
Pediatric patients,

One open-label, single-arm study enrolled 14 pediatric patients with Ph+ chronic phase
‘CML recurrent after stem cell transplant or resistant to alpha interferon therapy. Patients
ranged in age from 3 to 20 years old; 3 were 3-11 years old, 9 were 12-18 years old, and
2 were >18 years old. Patients were treated at doses of 260 mg/ma/day (n=3), 340
mg/m2/day (n=4), 440 mg/m2/day 297 (a=5) and 570 mg/mz/day (n=2). In the 13 patients
for whom cytogenetic data are available, 4 achieved a major cytogenetic response; 7
achieved a complete cytogenetic response, and 2 had minimal cytogenetic response. At
the recommended dose of 260 mg/m2/day, 2 of 3 patients achieved a complete
cytogenetic response. Cytogenetic response rate was similar at all dose levels.

In a second study, 2 of 3 patients with Ph+ chronic phase CML resistant to alpha
interferon achieved a complete cytogenetic response-at doses of 242 and 257 mg/m2/day.

Hepatic Insufficiency: The effect of hepatic impairment on the pharmacokinetics of both
imatinib and its major metabolite; CGP74588, was assessed in 84 cancer patients with varying
- degrees of hepatic impairment (Table 1) at imatinib doses ranging from 100-800 mg. Exposure
to both imatinib and CGP74588 was comparable between each of the mildly and'moderately
hepatically-impaired groups and the normal group. However, patients with severe hepatic
-impairment tend to have higher exposure to both imatinib and its metabolite than patients with
normal hepatic function. At steady state, the mean Cmax/dose and AUC24/dose for imatinib
increased by about 63% and 45%, respectively, in patients with severe hepatic impairment
compared to patients with normal hepati¢ function. The mean Crax/dose and AUC24/dose for
'CGP74588 increased by about 56% and 55%, respectively, in patients with severé hepatic

impairment compared to patients with normal hepatic function.

Table 1: Liver Function Classification

Liver Function Nor@al - . Mid- B ~ Moderate " | = Severe
Test (n=14) : (n=30). . (n=20) (n=20)
Total Bilirubin <ULN 1.5 ULN - | >1.53x ULN [>3-10x ULN
SGOT | <ULN >ULN (éan be normal if | Any { Any

Total Bilirubin is >ULN) |~ - -

—

ULN=upber'limit of normal for the institution
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Renal Insufficiency: No clinical studies were conducted with Gleevec in patients with
decreased renal function (studies excluded patients with serum creatinine concentration
more than 2 times the upper limit of the normal range). Imatinib and its metabolites are
not significantly excreted via the kidney. '

- Geriatric Use: In the CML clinical studies, approximately 40% of patients were older

~ than 60 years and 10% were older than 70 years. In the study of patients with newly
diagnosed CML, 22% of patients were 60 years of age or older. No difference was -
observed in the safety profile in patients older than 65 years as compared to younger

-patients, with the exception of a hlgher frequency of edema. The efficacy of Gleevec was
similar in older and younger patients.

2.0 INTRODUCTION AND BACKGROUND

2. 1 Product Information

Gleevec® (imatinib mesylate, STIS71) isa small molecule protem tyrosine kinase
inhibitor, which potently inhibits the Abl tyrosine kinase at the in vitro, cellular, and in .
vivo level. The compound specxﬁcally inhibited prollferatlon of v-Abl and Ber-Abl
_ expressing cells, suggesting that it is not a general antimitotic agent. In colony formation
- assays using progenitor cells ex vivo from patients with CML, imatinib showed selective
_inhibition of Ber-Abl positive colonies. In addition, imatinib potently inhibits the activity
of the platelet-derived growth factor receptors a and f (PDGFRa and PDGFR), c-Kit,
the receptor for stem cell factor (SCF), c-Fms, the receptor for macrophage stimulating .
factor (M-CSF), as well as Abl and Arg PTK. Imatinib also inhibits the cell signaling
events mediated by activation of Bcr-Abl, ¢c-Kit and the PDGE receptors. In contrast, it
.does not affect signal transduction mediated by other stimuli including epidermal growth s
factor, insulin and phorbol esters. In vivo, the compound shows anti-tumor activity as a - B
single agent in animal models at well tolerated doses.

2.2 Currently Available Treatment For Proposed Indication

- No treatment is approved for adult patrents with MDS/MPD associated with PDGF R
(platelet-denved growth factor receptor) gene re-arrangements. Drugs and procedures
used for this condition include hydroxyurea, corticosteroids, interferon-alpha, Ara-C,
etoposide cyclosporine, busulfan, mercaptopurine, and bone marrow transplantation.

23 Avanlablhty Of Proposed Actlve Ingredlent In The United States

Gleevec® is approved for use in the United States See current indications.

24 Important lssues With Pharmacologlcaﬂy Related Products
None :

25 Presubmission Regulatory Activity -
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The clinical results were discussed with the FDA on 12-Aug-2004. The objective of this
meeting was to seek guidance for the approval of imatinib as a treatment for patients with
rare malignancies carrying imatinib-sensitive targets. The FDA recognized the rarity of
the targeted malignancies and accepted to consider a potential filing based upon an
exploratory phase II study and published case reports/studies. Suggestions and
recommendations on how to analyze and present the data were also given.

2.6  Other Relevant Background lhformatibn
None -

3.0 SIGNIFICANT FINDINGS FROM OTHER REVIEW
DISCIPLINES A o

3.1 CMC (And Product Microbi‘dlogy. If Applicable)

No new data are available and therefore no changes of the label are required.

3.2 Animal Pharmacology/Toxicology

No new data are available and therefore no changes of the label are required.

4.0 Data Sources, Review Strategy And Data Integrity

4.1 Sources of Clinical Data _
Electronic Document Room document Cdsesub1\N215 88\S 011\2005-12-16\

4.2 Table of Clinical Studies -

Published clinical studies are summarized in Table 2. In addition, a phase II open label
study [B2225] included 7 MDS/MPD patients. '

NDA 21-588S-012 13
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Table 2: Published Cliniéal'Studies

Study No. of patients Reference
MDS/MPD ' . o
Wilkinson, et al (2003) 1 Blood 102:4187
“Vizmanos, et al (2004) 1 - Cancer Res 64:2673
Pardanani, et al (2003) 2 Blood 101:3391 .
Grand, et al (2004) 1 Cancer Res 64:7216
Levine, et al (2005) T Leukemia 19:27
Apperley, et al (2002)* 2 N Engl'J Med 347:481
Total 8 ' '
CMML
Magnusson, et al 1 Blood 100:1088
(2002) : '
-Pitini, et al (2003a) 1 Haer_natologica 88:ECR18
| Cortes, et al (2003) 3 Cancer 97: 2760’
Total 5
aCML ‘
Wittman, et al (2004) 1 Leukemia Res 28:565
Garcia, et al (2003) L Blood 102:2699
Cortes, et al (2003) 7 ‘Cancer 97:2760 _
‘Trempat, et al (2003) 1 "Oncogene 22:5702
Safley, et al (2004) 1 Genes, Chromosomes apd
_ - Cancer 40:44 . . 4 e
Total | | | R

4.3 Review Strategy

Efficacy data pertaining to hematologic and cytogenetic response rates and durations, as
appropriate we'rereviewed All safety.data was reviewed. -

4.4 Data Quality And Integnty

DSI inspections are planned.

4.5 Compliance With Good Clinical Practices

All studies were conducted, as could best be determined in full compliance with Good
Clinical Practice. The phase Il clinical study was monitored by Novartis personnel or a
. contract. orgamzatron for compliance to the protocol and the procedures descrrbed in it.

4.‘6 Financial Disclosures

" No clinical investigators in .study.2225 are full or part-time employees of Novartis
Pharmaceuticals Corporation. Disclosable financial arrangements and interests are
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identified on the spreadsheets by bolding the investigators name and are detailed in the
disclosure forms that follow [FDA Form 3455] These arrangements and interests were as

follows (Table 3): _
Table 3: Fmancral Dlsclosure Information _
Investlgator _Center _Amount Category of Disclosure
_ Noe. Disclosed
I RN |1 >$25,000
i n >$25,000
1 ' $145,000 -

Martin H. Cohen, M.D.

Financial disclosure information regarding the publications supporting this NDA
submission was determined directly from the publication disclosure statements. The
Authors either did not describe financial interest in any of the pubhcatrons or stated that

they had no conflict of interest or ﬁnancral interest.

5.0 CLINICAL PHARMACOLOGY

5.1 Pharmacokinetics

No new data are available énd therefore no changes of the label are required. -

52 Pharmacodynamlcs
No new data are available and therefore no changes of the label are requ1red

5.3 Exposure- Response Relationships
No new data are avarlable and therefore no changes of the label are requrred

6.0 INTEGRATED REVIEW OF EFFICACY

6.1 Indlcatlon A
Gleevec is indicated for the treatment of adult patients wrth myelodysplastlc/

myeloprohferatlve diseases (MDS/MPD) associated with. PDGFR (platelet-derlved

growth factor receptor) gene re-arrangements

Myelodysplastrc/myeloprohferatlve diseases while presentmg wrth clinical characteristics
- of CML, are distinguished from the classic CML by the absence of the Philadelphia
chromosome and the Ber-Abl fusion oncoprotein. Three major disorders have been
“identified as part of this group of diseases: chronic myelomonocytrc leukemia (CMML)
atypical chronic myelogenous leukernia (aCML) and juvenile myelomonocytic leukemia

(’MML).

The molecular events-that give rise to. MDS/MPDs are poorly understood, but remprocal
chromosomal translocatrons that disrupt genes encodmg receptor tyrosine kmases

NDA 21-5885-012
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notably PDGFRP at 5q31-35, PDGFRa. 4q12, and FGFR1 at 8p11, have been found in
some patients. As a consequence of these translocations, constitutively active fusion
tyrosine kinases that are functionally and structurally analogous to Ber-Abl are produced.
- Ritchie, et al (1999) investigated the role of a Tel-PDGFRP fusion protein in the
pathogenesis of the myeloproliferative subtype CMML. They found that mice which
expressed the transgene that expresses Tel-PDGFRP fusion protein exhibited
dysregulated myelopoiesis with progression to myeloid or lymphoid malignancy. The
investigators concluded that this murine model of CMML parallels a myeloproliferative.
syndrome in humans and implicates the Tel-PDGFRP fusion protein in its pathogenesis.
Although it is-uncertain what proportion of MDS/MPDs actually involves PDGFR-
related gene translocations, it is clearly an extremely rare diagnosis, with only a small
number of case reports published to date. Because of the few case reports available, it is -
difficult to characterize the.course of disease for patients with MDS/MPDs associated
with PDGFR gene re-arrangements. [t does seem appropriate to characterize them as

- myeloproliferative disorders Even though there is marked heterogeneity in clinical

- features, these patients present with a CML-like disease, usually with prominent

eosinophilia, monocytosis, and splenomegaly. There appears to be a male bias in affected
- patients. Skin involvement may occur either as a consequence of aberrant PDGFR
signaling, since this receptor is normally involved in wound healing and repair of skin
lesions, or because of eosinophilic infiltrations. Patients have a complex clinical course-
involving thrombocytosis, thrombotic and hemorrhagic phenomena, constitutional
symptoms, infections, and the potential for progression to myelofibrosis or acute

leukemia. The latter appears to be relatively infrequent; in one large series of 34 patients

only 15% transformed to an acute leukemia (Steer and Cross 2002).

Currently there are no known curative therapies for patients with these diseases. With

increasing insight into the molecular pathogenesis of MDS/MPD associated with PDGFR

gene re-arrangement, signal transduction- inhibitor therapy targeted to spec1ﬁc protein
tyrosine kinases has been recognized as an important potential- therapy for these-
conditions. The present application seeks approval of imatinib for the treatment of
patients with MDS/MPD with PDGF gene re-arrangement on the basis of the data
collected up to 31-Dec- 2004 in Study B2225 and of other published 1nf0rmat10n up to.
14-Oct-2005.

6.1.1 Methods

Clinical information concemmg trial B2225 and the 13 referenced case reports were
reviewed.

6.1.2. General Discussion of Endpoints
Efficacy endpoints have been discussed with, and appfbved by, the FDA
6.1.3 Study Design

NDA 21-5885-012 ’ A 16
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Study B2225 is an open label, multlcenter phase II clinical trial testing the efﬁcacy and
safety of imatinib in patients suffering from life threatening diseases associated with Abl,
Kit or PDGFR TKs. Patients had disease that was refractory to standard therapeutic
options or for which no conventional therapies of definitive benefit existed. Tissue
samples were to be collected and analyzed when possible and provided results to- support
the possible functional significance of one or more of the relevant imatinib-sensitive TKs.
Other inclusion criteria were an Eastern Cooperative Oncology Group (ECOG)
performance status 0 to 2, adequate end organ function, life expectancy of more than 3
months, adequate contraception and written, informed consent. Although patients were to
have had a fresh tissue biopsy prior to study treatment and an additional biopsy whlle

* undergoing treatment, this was inconsistently done. Patients with hematologic
malignancies (e.g. AML/myelodysplasia who displayed cytopenia) were eligible for the
study despite thrombocytopenia and low absolute neutrophil count (ANC) if approved by
Novartis after discussion with the investigator. Excluded from the study were patients
eligible for other imatinib clinical protocols, treated with any other investigational agents
within 28 days of first day-of study drug dosing, had another primary mahgnancy or’
having received chemotherapy within 4 weeks (6 weeks for nitrosourea, mitomycin-C or
any antibody therapy) prior to study entry. Patients were enrolled i in the study overa 47-
month period from 5-Feb-2001.

The planned starting dose differed between the two groups.of mahgnanmes with the 45
patients with hematologlcal malignancies initially receiving imatinib at 400 mg p.o. daily
with a provision for a dose increase up to 800 mg p.o. daily if progression or absence of
significant improvement in the disease was observed after at least 4 weeks of therapy
The other 140 patients with solid tumors initially received imatinib at 800 mg p.o. daily
with a provision for a dose increase up to 1000 mg p.o. daily if progression or absence of
significant improvement in the disease was observed after at least 8 weeks in solid tumor
of therapy. Provisions for dose modification were included in the study protocol.
Treatment was originally to be continued for 2 years; the protocol was later amended to
allow indefinite treatment for patlents benefiting from treatment in absence of safety -

concerns.
- t

The primary objective of the study was to assess the efficacy of imatinib. The B2225
clinical study protocol as well as the published studies did not specifically dlstmgulsh
between hematological and cytogenetic response as primary or secondary efficacy end-
point, but hematological response was always used as primary endpoint, at least based

- upon the temporal evolution of events. Of note, no definition of response was included in
the protocol for hematologic malignancies; the activity of imatinib was assessed
primarily by evaluating normalization of blood counts and of bone marrow appearance,

- as well as cytogenetic analysis, FISH analysis for detectlon of PDGFR rearrangement and
PCR analysis for its characterization.

Because these criteria used to asses the peripheral blood and the bone marrow response
correspond to the definition of complete hematological and complete cytogenetic
response used in other hematological mahgnan01es they are felt adequate to define the °
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therapeutic efficacy of the drug in the disease, and were used in all the case reports : _\%
published and included in this apphcatlon F;

The defined secondary endpoint in was the ECOG status. No secondary endpoint _
was specified in the published case reports, although cytogenetic response could be also
considered as a secondary endpoint.

Other secondary objectives were to assess the safety and tolerability of imatinib; to
evaluate the pharmacokinetic (PK) profile of imatinib in selected patients and to assess, if
feasible, the functional significance of relevant s1gnal -transduction components in target’
tissues by evaluating the expression and activation status of the relevant tyrosine kinase -
molecules or associated signaling molecules, by measuring indices of cellular
proliferation and by correlating the changes in the above findings with clinical outcomes.
However, due to the inconsistent collection of biological samples, these latter secondary
objectives were not evaluated. - :

- Five to ten patients per indication, condition, or disease were initially enrolled. Lack of
clinical efficacy excluded future patients with the same indication, condition or disease

" from the study. If however, evaluation of the results of the first five patients suggested a
positive effect of imatinib by conventional clinical response criteria or other '
pharmacodynamlc measures (e.g: décrease in 18-fluorodeoxyglucose (18-FDG) uptake
by positron emission tomography (PET) scanning), additional patients with the same
disease could have been enrolled into the study in order to enable adequate evaluation of
imatinib effects.

6.1.3 Efficacy Findings

Study B2225 investigators are listed in Table 4. _ A : ’g% y

oy ~
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Table 4: B2225 Investigators

Institute

Melbourne

Center | Principal Investigator Study Facility City, State- | Country
101 Prof. Allan Van Qosterom UZ Gasthuisberg dienst Leuven Belgium
R oncologie :
201 Prof. Jane Apperiey Prof. Hammersmith Hospitals Dept. of { London United
John Goldman _ Hematology Kingdom
301 Dr. Luca Gianni Istituto Nazionale Tumori Mitano - Italy
401 Dr. Jaap Verweij Rotterdam Cancer Institute Rotterdam Netherlands
501 Dr. George Demetri Harvard Medical School - " Boston, MA’ ‘USA -
503 - Dr. Bart Barlogie University of Arkansas for Little Rock, USA -
_ Medical Sciences AR
504 Dr. Michael Heinrich’ Oregon Health Sciences Univ Portland OR USA
505 Dr. Robert Shepard UVA Health System Charlottesville | USA
: . ' VA v
601 Prof. Heikki Joensuu Helsinki University Central Helsinki Finland
, : : Hospital
701 Dr. Denis Soulieres Centre Hospitalier Universitaire | Montreal Canada
‘ : de Montreal ' (Quebec) B
702 Dr. Hal Hirte Hamilton Regional Cancer Hamilton Canada
Centre McMaster Umversnty Ontario
. Medical Centre
801 Dr. Richard Herrman Unikliniken Kantonsspital Basel | Basel Switzerland
901 Dr. Grant McAr‘thur : Peter MacCallum Cancer Australia-

- Gleevec® (imatinib mesylase; STI571)

Demographlcs karyotype and number of prlor theraples for Study B2225 MDS/MPD

patlents are summarized in Table 5.
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Table 5: Demographics -MDS/MPD patients . _ \3
Patient or Reference Age Sex Rgce Karyotype | i zl(;.r(;;?ersevmus
GBR/201/004*  B2225 20 M Caucasian t(5:12)(q33:p13) 1 '

GBR/201/005*  B2225 51 M Caucasian t(5:12)(q33:p13) 0
GBR/201/073 .B2225 56 ‘M Caucasian NE 0
AUS/901/177 B2225 57 F  Caucasian t(5:12) 1
CHE/801/045 B2225 42 F  Caucasian Normal 2
AUS/901/139  B2225 86 F ° Caucasian Normal 1
GBR/201/089 B2225 72 F  Caucasian .t(1:3:5) 8
Apperley, et al (2002) - 36 M Unk t(5:12)(q33:p13) >1

_ Apperley, et al (2002) - 69 M Unk t(5:12)(q33:p13) O
Wilkinson, et al (2003) 2 F. Unk t(1:5)(q23:q33) 1
Vizmanos, et al (2004) 35 . M  Unk t(5:14)(q33:24) 1
Grand, et al (2004) - 79 M - Unk t(5:15)(q33:q22) = >1
Levine, et al (2005) 42 M Unk t(5: 14)(q33:q32) 0

- Magnusson, et al (2002) 29 M  Hispanic = t(5:17)(q33:p13.3) O
Pitini, et al (2003a) 68 M Unk t(5:12)(q33:p13) 0
Wittmian, et al (2004) 2 F Unk. - t(5:12)(q33:pl3) 0
Garcia, et al (2003) _ 44 M Unk t(5:10)(q33:q22) = 0

. Trempat, et al (2003) 47 - M Unk 1(4:22)(ql2:q11) >t
Safley, et al (2004) . 57 M Uk t(4:22)(q12:q11) l
Cortes, et al (2003) (10pts) 48-73 NA Unk = Not5q33 or tql2 NA

~ Pardanani, et al (2003) - 45 M. Unk Normal -1
. Pardanani, et al (2003) 58. M  Unk Trisomy 8 >1

* Patients number 2 and 4 reported by Apperley etal (2002)

Among the 7 ,patlents with MDS/MPD in study 2225 there were 3 CRs (43%), 1 PR k4

(14%) 2 PD (29%) and 1 non-evaluable patient because of missing data (Table 6).

To clarify the sponsor’s presentation of efficacy data the FDA reviewer’s questions to the

sponsor and the sponsor’s reply are provided in the following paragraphs.

- Question from FDA Regarding B2225 patients

On January 5, 2006 the following e-mail question was received from FDA. “We are

having a hard time confirming responses of the 7 MDS/MPD patients in study B2225

using the submitted datasets. Please prov1de serial hematology and bone marrow data for

each of the 7 patients”

'Novartls responded to the above question on January 12, 2006 via e-mail with references

to the various datasets within their submission pertaining to these seven patients.

On January 13, 2006 the following additional e-mail question was received from FDA:
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“We still cannot confirm responses of MDS/MPD patients. The patient data in the BMA

database does not include all of the dates listed in Appendix 7.1, pages 615-616 or 1168,
or pages 90-91. The hematology results from Appendix 7.1 do not specifically identify
MDS/MPD patients.”

Sponsor’s Reply
Study B2225

Study B2225 is ;cin open label, multicenter, phase Il -clinical trial testing the efficacy and
safety of imatinib in patients suffering from life threatening diseases associated with Abl,
Kit or PDGFR PTK and the disease was refractory to standard therapeutic options or for
which no conventional therapies of definitive benefit existed. The primary objective of
the study was to assess the efficacy of imatinib in patients suffering from different
malignancies known to be associated with one or more imatinib-sensitive TKI following

failure of standard therapeutic options or without therapeutic options of definitive benefit.

The secondary objectives were to assess the safety and tolerability of imatinib, to
evaluate the pharmacokinetic (PK) profile of imatinib in selected patients and to assess, if
feasible, the functional significance of relevant signal-transduction components in target
tissues by evaluating the expression and activation status of the relevant TK molecules or

- associated signaling molecules, by measuring indices of cellular proliferation and by

correlating the cﬁanges in the above findings with clinical outcomes. However, due to the
inconsistent collection of biological samples, these latter secondary objectives were not
evaluated. o ' '
Five to ten patients per indication, condition, or disease were initially enrolled. Lack of ' 5? .
clinical efficacy coupled with lack of demonstration of any surrogate pharmacodynamic
effect (e.g. target PTK inhibition in the first 5 patients) excluded future patients with the
same indication, condition or disease from the study. '

s S
kY . A

- Further comments:

The B2225 trial was initially designed as an exploratory trial and not a registration trial in
its beginning. The rarity of the diseases was previously known, but the ability of a
clinical trial to attract such patients was not known. As patients were registered into the
trial it was also apparent that in certain diseases, such as MDS/MPD, remarkable clinical ,
responses to imatinib were being seen by the investigators. Due to the rarity of the
diseases and the responses noted, Novartis decided to.submit the results to the health -
authorities of B2225 as Novartis was doubtful that an additional trial could be _
accomplished in a reasonable timeframe. The registration strategy combining data from

the B2225 trial and publications was agreed with the FDA during the EOP1-2 meeting on
. August 12, 2004. However, some caveats r_egafding the trial are relevant to the reviewers.
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The CRFs are designed for the trial as a whole and not specifically for the indication o \}
MDS/MPD. The response criteria are broad SWOG response criteria and not speciﬁe to j
acute leukemias. For a hématology disorder such as MDS/MPD the basis for response is

based on normalization of the peripheral blood count and bone marrow. The CRFs in the

trral are basic and this results in: :

Hematology CRFs that do not specrﬁcally request a differential that includes abnormal
circulating forms, such as blasts. The CRF accurately requests hemoglobin, total WBC,
platelet determinations and WBC differential count, but abnormal cells must be
mentioned in “Other” on the differential count and placed into a comment section.
Understandably thrs was not always done by study personnel

Similarly, the CRFs relevant to bone marrow analyses requested the type of procedure
“aspiration results and biopsy results: There are places on the assessment form to record
" abnormalities, but again there is no specific request to comment on cytogenetics, etc. that
would be most relevant to an MDS/MPD population of patients. Again, study personnel -
, must enter specific comments relevant to these patients to accurately capture bone
~marrow data on patients with MDS/MPD. This would require disease specific
knowledge and expertrse the person filling out the form may not. have possessed.

The CRFs relevant to assessment of tumor responses are not leukemia specrﬁc and donot -

* require simultaneous listing of either hematological or bone marrow assessments to code
an assessment of tumor response. The only objective response assessment on the CRFs
allowed was CR, PR, SD/No response, PD, or Unknown. Comments were optional but
could be made. As stated in the Clinical Overview cytogenetic response was not a
requirement for the determination of response in Study B2225, but was often evaluated in
these patients. In fact, a complete cytogenetic response is reported in the two cases
published by Apperley, et al (2002)

%
&

P
A

2. Further data capture for this trial, as Novartis prepared for submission, was
© retrospective, on paper forms, and performed by aCRO. .

Desprte the data capture difficulties of B2225 mentroned above Novartis feels that the
responses claimed in the submission dossier from B2225 are accurate and documented in
our submission. Each of the investigators caring for these rate patients is an outstanding
expert in the management of patients with leukemias and myelodysplastic disorders and
in conductrng an overall assessment of the patient’s response to imatinib during the trial.
To assist the reviewers Novartis has compiled below a summary of each patient and
referenced the results to specific page listings in the filed appendices. Results are
documented as to the date and visit when a normalrzatron of the blood count was
obtained, data on bone marrow assessments performed, and added the investigator

- comments for each case relevant to response determination.

Sponsor patlent evaluations are as follows:
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Clinical and Statistical Review

Table 8: Literature References—MDS/MPD with PDGFR gene rearrangements.

F/J

| Reference Karyotype Daily Dose | Hematological | Cytogenetic
: (mg) response response (mo) -
Apperley, et al (2002) t(5:12)(q33:p13) 400 Complete Complete 13+
_ t(5:12)(q33:p13) 400 Complete Complete 12+

Wilkinson, et al (2003) 1(1:5)(q23:q33) NA .| Complete Major 7+
Vizmanos, et al (2004) t(5:14)(q33:24) 209—400 Complete Complete | 6+
Grand, et al (2004) t(5:1 5)(q33:q22) | 300400 -Partial ND V 5
Levine, et al (2005) t(5:14)(q33:q32) 400 Complete ,Compléte 18+
Magnusson, et al (2002) | t(5:17)(q33:p13.3) 400 Complete Complete 6t
Pitini, et al (2003a) t(5:12)(q33:p13) 400 Complete Complete 10+
Wittman, et al (2004) 1(5:12)(q33:p13) - 200 Complete Complete 4+
Garcia, et al (2003) t(S: 10)(q33:q22) 400 Complete Complete 12+
Trempat, et al (2003 ) t(4:22)(q12:q11) 400 Complete Partial 3+
Safley, et.al (2004) | 1(4:22)(ql2:q11) 100 Complete ND 7+
Cortes, et al (2003) No t5q33 400 None None { NA
10 patients _

1 Pardanani, et al (2003a) | Normal 100 Partial NA 5+

- .| Trisomy. 8 400 None None 1

Reference ca'se summatry. -

N

Apperley, et al (2002) describe 1matm1b treatment in four patients with
myeloproliferative diseases with PDGFRJ gene re-arrangements. Two of these patlents
(No. 2 and 4 in the pubhcatlon) were treated in the context of [Study B2225]. Three of

e T,
T

4
PO

ke

.\ o

the four patients presented with leukocytosis and eosinophilia and were noted to carry the
ETV6-PDGFR$ fusions gene and #(5:12)(q33:p13) translocation. The fourth patient also
had leukocytosis and eosinophilia, but had a t(5:12) translocation involving PDGFRB
with an unknown partner gene. Each patient was treated with imatinib 400 mg/day. Two
- of the patients had previously been treated with hydroxyurea and interferon-o with
minimal benefit. In all four patients, a normal blood count was achieved within 4 weeks
of initiation of imatinib therapy. Patient No. 4 had involvement of the skin, and the
lesions began to resolve shortly after treatment began. The t(5:12) translocation was
undetectable after 4 weeks in one patient (No. 4), after 12 weeks in 2 patients (No. 2 and
3) and after 9 months in patient No. 1. In the three patients with the ETV6- PDGFRf
fusion gene, the transcript level decreased, and in one patient, it became undetectable by
36 weeks. All clinical responses were durable at 9.to 12 months of follow-up. ‘
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Wilkinson, et al (2003) describe a 2 year old girl diagnosed at 11 months with

MDS/MPD with eosinophilia that was refractory to etoposide, cytarabine, and interferon. -

Cytogenetics revealed a t(1:5)(q23:q33) translocation in 100% of bone marrow
metaphases. Molecular diagnostic techniques confirmed a novel gene fusion of PDE4DIP
to PDGFR. Imatinib was initiated based on the activation of PDGFRo, found in cases of
hypereosinophilic syndrome successfully treated with imatinib (Cools, et al 2003),
suggesting that activation of the PDGFR receptor tyrosine kinase family was a common
theme in that phenotypically similar collection of diseases. Once imatinib. was initiated,
complete clinical remission and CHR, as well as major cytogenetic response, were
achieved. ' ' S

Vizmanos, et al (2004) describe the case of a patient with an eosinophilic
myeloproliferative disorder with PDGFRP involvement. A 35 year old male with a
longstanding chronic myeloproliferative disorder was found to have PDGFRJ fusion
associated with a t(5:14)(q33:q24) translocation and NIN as the partner gene. The patient
had previously been treated with interferon-a and hydroxyurea with limited success, but
was initiated on imatinib once the PDGFRS re-arrangements was noted. The patient did

- not tolerate 400 mg/day of imatinib, but when the dose was initiated at 200 mg/day
hematological and cytogenetic remission occurred, lasting for at least 7 months, from
April to November 2003. At that time the patient was found to be still RT-PCR positive,
which prompted an increase of the imatinib dose to 400 mg/day in an attempt to promote
molecular remission, but further patient data are not described in the case report.

Grand, et al (2004) describe a case of imatinib-responsive eosinophilic MPD with

PDGFRp gene re-arrangement. This case involved a 79 year old male who presented with

constitutional symptoms, rash, leukocytosis, and splenomegaly, with the later
development of thrombocytopenia and anemia. Initially a CML diagnosis was made, but
the patient’s bone marrow was negative for the Philadelphia chromosome and Ber-Abl

re-arrangements. A t(5:15)(q33:q22) translocation was identified as well as a.novel fusion -

of TP53BP1 to PDGFR. The patient was initially treated variously with hydroxyurea,

interferon-a, busulfan, and mercaptopurine with some resolution of leukocytosis and skin E
infiltrations, but the responses were tiansient. Imatinib was initiated at 400 mg/day after

identification of the PDGFR re-arrangement and the in vitro sensitivity described
previously in this report. The leukocyte count initially declined from 27 x 109/L to the
normal range within 9 days and the spleen size decreased from 20 to. 15 cm. During
imatinib treatment the platelet count improved as well, with a reduction of platelet.
transfusion from alternate days to weekly, but neutropenia developed and the imatinib
was reduced to 300 mg/day, and then interrupted by additional episodes of neutropenia.
After 5 months-of therapy, resistance to imatinib developed which could not be overcome
by dose escalation and the patient died of intracerebral hemorrhage with severe -

thrombocytopenia.

Levine, et al (2005) describe a patient with an MPD éssociated with a novel PDGFRp
_ fusion gene partner. This case involved a 42 year old man with a myeloproliferative

NDA 21-588S-012 : 30
Martin H. Cohen, M.D. :
Gleevec® (imatinib mesylase; STI571)

,?—-

Sl



Clinical and Statistical Review

diseases characterized by a t(5:14)(q33:q32) translocation and a KIAA1509-PDGFRp
gene fusion. The patient had leukocytosis. and his bone marrow biopsy revealed a
-hypercellular marrow with granulocytic hyperplasia, but no tymphadenopathy or
splenomegaly was present. The patient was treated with imatinib 400 mg/day on the basis
of the PDGFR re-arranged myeloproliferative diseases. Imatinib therapy resulted in rapid
normalization of the patient’s blood counts, and subsequent bone marrow biopsies and
karyotypic analysis were consistent with sustained complete. remission. Remission
persisted for more than 18 months. :

Magnusson, et al (2002) report a 29 year old Hispanic male patient with CMML in

~ molecular relapse after a bone marrow transplant responding to treatment with imatinib.
Cytogenetic analysis revealed a t(5:17)(q33:p13.3) translocation and the rabaptin-5-

- PDGFRp (RABSEPPDGFRP) fusion oncogene was cloned from the patient’s blood cells.
The patient was started on 400 mg/day imatinib. Four weeks after initiation of imatinib
therapy, molecular testing for RABSEP-PDGFRp showed marked reduction in the
-expression of the RABSEP-PDGFRS fusion transcript in peripheral blood cells, and by 6
weeks after starting the drug the patient had attained molecular remission. He tolerated
therapy well, without any side effects. No myelosuppression was noted. Six months after
initiating imatinib therapy, he continued to be in molecular remission.

Pitini, et al (2003a) describe the case of a 68 year old male diagnosed with MPD-MDS

- with typical t(5:12)(q33:q13) translocation who responded to 400 mg/day imatinib with
normalized blood count at 3 weeks and complete cytogenetic response (CCR) at 16

~ weeks after treatment initiation. He tolerated therapy well, withiout any side effects. The
response was durable without any side effects at 10 months of imatinib therapy.

~ Wittman, et al (2004) reported the results of imatinib treatment in a 2 year old female
_patient with atypical chronic myeloid leukemia (aCML). Cytogenetics revealed a
t(5:12)(q33:p13) translocation with .a corresponding fusion gene ETV6-PDGFRP. This
patient presented with congestive heart failure and massive hepatosplenomegaly,
leukocytosis (WBC = 209 x 10¢/L), anemia (hematocrit = 18%) and thrombocytopema
(14 x 109/L), increased eosinophils (9%) but relatively few monocytes (5%). Limited

- treatment with hydoxyurea achieved a PR that lasted approximately 6 months. After PD
despite increased doses of hydoxyurea, treatment with imatinib was initiated at 200
mg/day (approx. 340 mg/m2). At this dose, CHR was achieved within 1 month, and CCR
by 4 months. Her cardiac disease, which was deemed to be the result of
hypereosinophilia, nearly resolved with imatinib. There were no obvious side effects. An
unrelated donor BM transplant was performed at thls point. Unfortunately, the transplant
was complicated by steroid refractory acute graft vs. host disease, and the patient died of
transplant-related complications approximately 7 months after transplant.

Garcia, et al (2003) report a 44 year old man with atypical CML and a t(5: 10)(q33:q22)
translocation. This patient presented with leukocytosis and: splenomegaly The WBC was
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158 x 109/L, hemoglobin level was 91 g/L and platelet count was 352 x 109/L. Analysis
of peripheral blood (PB) smear revealed a remarkable dysplasia in myeloid cells. The
patient started imatinib treatment at 400 mg/day and complete clinical and cytogenetic _
responses were achieved after 3 weeks of therapy. At 8 weeks, RT-PCR analysis showed
a 99% reduction in H4/PDGFRJ expression in PB compared with blood samples taken
prior to treatment. The patient remained in CR after one year of therapy. '

Cortes, et al (2003) have treated three patients with CMML and 7 patients with Ph -~
negative CML with no detectable PDGFR$ fusion gene or eosinophilia with 400 mg/day
imatinib without any significant response. One patient with CMML had stable disease for -
33 weeks and another who did not achieve CHR after 4 weeks on therapy had evident
reduction in spleen size (from 9 to 5 cm BCM).

Pardanani, et al (2003a) present 2 male patients with what was described as an
eosinophilia associated chronic myeloid disorder (CMD). In these cases none of the
known mutations in cellular targets of imatinib (Ber-Abl, C-Kit, or PDGFRp tyrosine
kinases) were identified. The first patient was a 45 year old male with a 20 year history of
untreated eosinophilia who developed splenomegaly, leukocytosis, and rapid clinical
decline. The patient was started on imatinib 100 mg/day and experienced a dramatic

~ response with clinical and histologic remission of disease. The second patient was a 58
year old male who developed an eosinophilic CMD with splenomegaly and a pure red
cell aplasia. Corticosteroids, hydoxyurea and cyclosporine were used and produced
temporary clinical response before the disease progressed. Imatinib was initiated at 400
mg/day, but the patient failed this therapy as well.. : E

- 6.1.5  Clinical Microbiology
Not applicable |
6.1.6 Efficacy Conclusions

“The current submission includes efficacy data for 7 patients with MDS/MPD treated in'an

-open label, multicenter, Phase II clinical trial (study B2225) and a further 24 patients with
MDS/MPD who were summarized in 13 published studies. Of the total 31 patients, 4
study B2225 patients and 10 literature patients had a chromosome 5 translocation
presumably involving PDGFRP and 2 literature patients had a chromosome 4
translocation presumably involving PDGFRa. Of the 4 B2225 patients with a
chromosome 5 translocation imatinib freatment produced complete:hematologic and
cytogenetic responses in 2 patients and a long duration partial fesponse in a third patient.
The fourth patient was non-evaluable for response. One additional B2225 complete
responder had a non-evaluable karyotype. Of the 10 literature patients with a
chromosome 5 translocation 9 had complete haematological responses of 4+ months to
18+ months duration (median 11+ months). Eight of these patients also had a complete
cytogenetic response and the remaining patient had a major cytogenetic response. Of the
2 literature patients with a chromosome 4 translocation both had complete hematologic
NDA 21-588S5-012 32
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responses of 3+ months and 7+ months duration with imatinib treatment. Of the 2 - \§
imatinib treated B2225 patients who had a normal karyotype and the 12 literature patients ' ;
without a chromosome 5 translocation there was only 1 part1a1 hematologic response.

7.0 INTEGRATED REVIEW OF SAFETY
7.1 Methods And Findings

Safety assessments consist of evaluating adverse events and serious adverse everits,
laboratory parameters including hematology and chemistry, vital signs, physical
examinations, and documentation of all concor_nitant medications and/or therapies. .

Information about all adverse events, whether volunteered by the patient, discovered by
investigator questioning, or detected through physical examination, laboratory test or
other means, were collected and recorded on the Adverse Event Case Report Form and
followed as appropriate.

Medical conditions/diseases present before starting study treatment are only considered
adverse events if'they worsened after starting study treatment. Clinical events occurring
before starting study treatment but after signing the informed consent form were recorded
on the Medical History/Current Medical Conditions Case Report Form only if the patiént
received study treatment. Abnormal laboratory values or test results constituted adverse
. events only if they induced clinical signs or symptoms or requrred therapy, when they
were recorded on the Adverse Events Case Report Form under the srgns symptoms or Wy
diagnosis associated with them. )

Any Adverse Event occurring after the study completion and within four weeks of last
drug intake was recorded on the Adverse Event CRF page

Informatlon about all serious adverse events was collected and recorded on the Serious
Adverse Event Report Form. To ensure patient safety each serious adverse event must
also had to be reported to Novartis within 24-hours of learning of its occurrence. A -
serious adverse event is defined in general as an untoward (unfavorable) event which:

. is fatal or life-threatening, : :

. required or prolonged hospitalization, y

. was significantly or permanently disabling or incapacitating,

. constitutes a congenital anomaly or a birth defect,

. may jeopardize the patient and may require medreal or surgical 1nterventron to prevent
one of the outcomes listed above.

' Any pregnancy or fathering the child durrng the study wrll be considered as an SAE for -
the purpose of study reportlng

m.{;'uz\).—-
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Events not considered serious are hospitalizations occurring under the following
circumstances: planned before entry into the clinical study; for elective treatment of a
preexisting hospitalization (unless fulfilling the criteria above); routine treatment or
monitoring of the study indication and not associated with any deterioration in condition.

Any SAE occurring within four weeks after completion of the study has to be reported
and recorded. In addition any pregriancy within 84 days (12 weeks, 3 months) after the
last STIS71 intake has to be reported and recorded as an SAE. :

The institution performed laboratory analyses according to the Visit Schedules.

At any time during the study, abnormal laboratory parameters which are clinically
relevant (e.g. require dose modification and/or interruption of study drug, lead to clinical
symptoms or signs or require therapeutic intervention), whether specifically requested in
the protocol or not, must be recorded on the appropriate comment CRF page in addition
to the appropriate laboratory CRF page. When abnormal laboratory values or test results
constitute an adverse event (i.e., induces clinical signs/symptoms or requires therapy) B
they must be recorded on the Adverse Events CRF. AE’s are summarized in Table 8 .

Table 9: Adverse events reg’ardléss of study drug relationship

Primary System O‘r_gan Class Preferred Term

—Total (100.0)
Blood and lymphatic system disorders-Total (57.1)
- Anemia (28.6)

Febrile Neutropenia -
' Neutropenia
Pancytopenia
Thrombocytopenia
ALT increase (14.3)
" Eye disorders-Total (14.3)

7
4
2
| (14.3)
1
1
1
1
1.
Eye edema ' : 1 (14.3)
. 1
5
4
3
1
1
1
1
1

N 14.3)
(14.3)
(14.3)

Lacrimation increased (143)
(71.4)
(57.1)
42.9)
(14.3)
(14.3)
(14.3)

Gastrointestinal disorders -Total
Nausea '
Diarrhea .
Abdominal distension
Abdominal pain

Abdominal pain lower

Abdominal pain upper (14.3)
Constipation . (14.3)
General disorders and administration site conditions - :
Total ' ' 4 (57.1) -
Fatigue _ 2 (28.6)
Catheter site pain ' 1 (14.3)
Chest pain 1 (14.3)
Edema 1 (14.3)
NDA 21-588S-012 34
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‘| Edema peripheral 1 (14.3)
Pyrexia 1 (14.3)
Infections and infestations -Total 3 (42.9)
Fungal infection 1 (14.3)
Oral candidiasis 1 (14.3)
Oral infection 1 (14.3)
Pseudomonas infection 1 (14.3)
Respiratory tract infection fungal 1 (14.3)
Subcutaneous abscess l (14.3)

Wound infection pseudomonas I (14.3) -
Injury, poisoning and procedural complications- Total 3. (42.9)
Blood blister 1 (14.3)
Contusion 1 (14.3)

{ Eye injury 1 (14.3)
Foot fracture 1 (14.3)
Skin laceration 1 (14.3)
Investigations-Total 1 (14.3)
Weight increased 1 (14.3)
Metabolic and Nutntlonal Total 2 (28.6)
Anorexia I (14.3)
Fluid retention 1 (14.3)
Musculoskeletal-Tofal 4 - (57.1)

| Muscle cramp 3 (42.9)
Arthralgia 2 (28.6)
Bone pain 1 (14.3)

Myalgia 1 (14.3)
Pain in extremity : | (14.3)
Nervous System disorders-Total 1 (14.3)
Dizziness . 1 (143)
Psychiatric dlsorders-Total Y 17 (14.3)
Depressed mood ' 1 (14.3)
Panic attack 1 (14.3)

| Renal and urinary disorders-Total 1 (14.3)
Renal tubular disorder | (14.3)
Respiratory, thoracic and mediastinal dlsorders —Total 2 (28.6)
Crackles lung 1 (14.3)
Dyspnea : 1 (14.3)
Skin and subcutaneous tissue disorders -Total 4 (57.1)
Periorbital edema - 2 (28.6)
Face edema i (14.3)
Rash 1 (14.3)

- 7.1.1 Deaths
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No patient with MDS/MPD, died on study. Patient [201/089], a 69-year old woman with
MDS/MPD, died of Pseudomonas aeruginosa infection approximately 3 months after
having interrupted imatinib treatment due to CTC grade 1 pancytopenia (CTC grade 3
neutropenia was also observed), from which she recovered. This patient was heavily
pretreated with 8 different chemotherapeutic regimens administered from:1996 to the
study start in May 2002. '

7.1.2 Other Serious Adverse Events

Four patients experienced non-fatal SAEs. Patient [201/004] had a Pseudomonas wound
infection, patient [201/089] had fever, skin rash, fungal infection and renal tubular
damage, patient 801/45 had a gluteal abscess and febrile neutropenia and patient
[901/139] had a left pre-tibial laceration and anemia. B V

7.1.3 Dropouts and Other Significant Adverse Evénts_

Two patients discontinued therapy; patient 20 1/089 above and pétient_ 801/045 who
developed grade 2/4 cramps and arthralgia. o

7.1.4 Other Search Strategies
None
7.1.5 Common Adverse Events

See Table

s

&

7.1.6 ~ Laboratory Findings
See Table
7.1.7 Vital Signs o
Né special émalysisv of vital sigﬁs were conducted iﬁ the trials preséﬁted in this repoﬁ.
?.1 8 . Electrdcérdiograms (ECG's)

. No ECGs wére performed for the MDS study.

7.1.9 Immunogenicity

There is no new relevant information.
7-.1.“!0 Human Carcihogenicity

There is no new relevant information.
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- 7.1.11 Special Safefy Studies | .‘ o ' : _ ”‘}
There is no new relevant information. | | |
7.1.12 Withdrawal Phenomena and/or Abuse Potential
Gleevec has no known potential for abu_se..

7.1.13 Human Reproduction.and Pregnancy Data

‘Because of the poteritial risks to the human fetus, women of child-bearing potential were
advised to avoid becoming pregnant and to use effective contraception during treatment.
As of 31-Dec-2003, a total of 21 pregnancies had been reported among women
participating in clinical trials who had received imatinib for 5- 65 weeks. The pregnancies
were detected at 5- 22 weeks of gestation. The patients included 20 women with chronic
phase CML (16 of whom had received imatinib 400 mg and one who had received 600
mg), and one patient in blast crisis who received imatinib 600 mg. Outcomes were
available for all 21 pregnancies; 10 underwent therapeutic abortions, four had
spontaneous abortions (including one at 18 weeks gestation) and seven proceeded to term
following discontinuation of imatinib. There was one delivery at 35 weeks. Among the
infants, 6 were normal (including the offsprmg of the patient in blast crisis who had
received imatinib for 30 weeks), and one had hypospadias. Imatinib is not genotoxic
‘though reduced spermatogenesis was noted in animal studies, possibly due to inhibition -
of c-kit in testicular tissues. Therefore, the sperm of male patients taking imatinib should
be genotypically normal though low sperm counts are a possibility: Fifteen pregnancies

~ have been reported in partners of male CML patients taking imatinib. Therefore, the issue

of low sperm counts may not be clinically relevant though it requires further study. - %

Among these 15 male patients, 11-were in chronic phase CML (all received imatinib 400 )
mg), 4 had accelerated CML (all received imatinib 600 mg). Outcomes were available for.
14 of the prégnancies; 10 pregnancies procetded to term with delivery of normal infants
(1 of which had respiratory distress syndrome), one pregnancy is ongoing as of 31- Dec-
2003, there were 2 therapeutic abortidhis on social grounds and 1 death in utero at 14
weeks followed by an induced abortion.

7.1.15 Assessment of Effect on Growth
No data was reported.

7.1.16 Overdose Experiencé

Experience with doses greater than 800 mg is limited. Isolated cases of Gleevec overdose
have been reported. In these instances the highest dose ingested was 1600 mg/day for.
several days. A patient with myeloid blast crisis inadvertently took Gleevec 1200 mg for

. 6 days and experienced Grade 1 elevations of serum creatinine, Grade 2 ascites and .
elevated liver transaminase levels, and Grade 3 elevations. of bilirubin. Therapy was .
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temporarily interrupted and there was complete reversal of all abnormalities within one.
week. Treatment was resumed at a dose of 400 mg without recurrence of problems.
Another patient developed severe muscle cramps after taking 1,600 mg-of Gleevec daily
for six days. Complete resolution of muscle cramps occurred following interruption of
therapy and treatment was subsequently resumed. Another patient took 400 mg three
times a day (1,200 mg) for two days. Therapy was interrupted, no adverse events
occurred and the patient resumed therapy. A

7.1.17 Postmarketing Expéfience

The Post marketing experience with Gleevec has been reviewed on an ongoing basis in
the following PSUR and the US Periodic Reports respectively: ‘

* PSUR 1 covering the period 10 May 2001-30 November 2001

* PSUR 2 covering the period 01 Dec 2001-31 May 2002

* PSUR 3 covering the period 01 June 200'2-30 Nov 2002

. * PSUR 4 covering the period 01 Dec 2002 - 10 May 2004

¢ PSUR 5 covering the period 11 May 2003 — 10 may 2004

* PSUR 7 covering the period 11 May 2005 - 10 May 2006 - , _

* USPR Capsule formulation covering the period 10 Nov 2002 - 9 Feb. 2004

* USPR Tablet formulation covering the period 18 July 200314 May 2004

The Core Data Sheet (CDS) in effect at the beginning of the launch period is the Basic
Prescribing Information (BPI) dated 27 February 2001 amended on 23 October 2001, 26
June 2002 and 19 February 2003 (Hard Gelatin Capsule) and dated 19 November 2002
amended 19 February 2003 (Film Coated Tablets), which is tised as reference for the
prescribing information in all countries where the product is marketed.

- The Basic Prescribing Information (BPI/CDS) and the US Package Insert (USPI) have
been updated to reflect the_resul‘ts.discusscd in these PSURs and USPRs. The most recent
version of the BPI dated February 2003 reflects the safety aspects of the drug except that
in the last PSUR, number 5, issued on 6 July 2004, the event of “Sweet’s Syndrome” was
proposed for inclusion to the BPI. '

In PSUR version 4 the following events were identified as requiring close monitoring:
myocardial infarction, angina pectoris, cardiomegaly/cardiomyopathy thrombo- cythemia
- disseminated intravascular coagulation hemolytic anemia glucose metabolism disorders),
~deafness/ hypoacusia Raynaud’s phenomenon/intermittent claudication /ischemic
episodes Parkinson’s disease Sweet’s syndrome and rhabdomyolysis. Furthermore, the -
following events were monitored at the request of the CPMP: Thrombosis /embolism),
~ splenic rupture) and myopathy / myositis). Monitoring of cases of inflammatory bowel
-disease, worsening of ulcerative colitis and Croha’s disease), intestinal ulcer, splénic
necrosis), suicide attempt), nephrolithiasis/renal colic, scleroderma, hepatic
necrosis/cirrhosis, arthritis and pulmonary hypertension.
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Based upon cumulatwe reviews in PSUR version 5 it was recommended to continue to
monitor the following events: Myocardial infarction, angina pectoris,
cardiomegaly/cardiomyopathy, thrombocythemia, disseminated intravascular
coagulation, Raynaud’s phenomenon/intermittent claudication /ischemic episodes,
Parkinson’s disease, thabdomyolysis, hemolytic anemia, glucose metabolism disorders,
deafness/hypoacusia, nephrolithiasis, myopathy/myositis, arthritis, inflammatory bowel
disease, worsening of ulcerative colitis and Crohn’s disease, intestinal ulcer, splenic
'necrosis, suicide attempt, splemc rupture, renal colic, scleroderma, hepatic
necrosis/cirrhosis and pulmonary hypertension will continue to bé monitored. Sweet’s
syndrome was con51dercd for inclusion in the Core Data Sheet.

WJ

In PSUR 7 and in a recent literature report congestive heart failure and left ventricular
dysfunction associated with Gleevec treatment were updated. A recent article published
online in Nature Medicine (Kerkela R, Grazette L, Yacobi R et al. Cardiotoxicity of the
cancer therapeutic agent imatinib mesylate. Nature Medicine; advance online publication
July 23rd. 2006) reported 10 Gleevec treated patients who developed severe congestive
heart failure and left ventricular dysfunction. Supplemental data available on the Nature,
Medicine website show that prior to Gleevec treatment all 10 patients had New York
Heart functional class 1 and normal left ventricular ejection fractions. Some of these
patients had pre-existing conditions including hypertension, diabetes and coronary artery
disease. In an abstract published in the Journal of Cardiac Failure (Iliescu C, Wamique
. Yusuf S, Auerbach L, et al. Impact of angiotensin converting enzyme inhibitors &
carvedilol on recovery of cardiac function in imatinib associated cardiomyopathy. Journal
of Cardiac Failure 2005; 40 No. 6 Suppl. Abstract 054. 9th Annual-Scientific Meeting of
the Heart Failure Somety of America, Sept 18-21st 2005) the authors stated that ~
treatment with angiotensin converting enzyme inhibitors (ACE-I) and carvedilol resulted w5y »
in significant improyvements in left ventricular ejection fraction (LVEF) and New York .
Heart Association (NYHA) Class. Three of these patients, when re-challenged, were
reported to have no further diminution of cardiac function.

The Nature Medicine article also repits on preclinical stidies showing that Gleevec
treated mice develop left ventricular contractile dysfunction. Gleevec also induces cell
death in isolated cardiomyocytes. The authors hypothesize that development of cardiac
dysfunction is related to inhibition of the Abl receptor and may be a possibility with any
drug that targets the Abl receptor. :

A thorough review of the sponsor’s safety database yielded 148 spontaneous cases of

“cardiac events. The median age was 65 years. Of 117 patients with sufficient clinical
information for analysis ’ap‘pr()ximately 50% had a history of cardiovascular disease
before the onset of Gleevec treatment (mostly hypertension and ischemic heart disease),
40% were on cardiac medications and 8.5% experienced worsening of preex1st1ng heart
disease.
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Thus heart failure is a recognized, potentially severe, but uncommon complication of
Gleevec therapy. Current information does not support routine screening and monitoring
of cardiac function in patients taking Gleevec. Any patients with known cardiac disease
or risk factors for cardiac failure should be monitored carefully, and any patient with

' symptoms consistent with cardiac failure should be aggressively evaluated and treated.

7.2 Adequacy of Patient Exposure And Safety Assessments

7.2.1 Description of Priméry Clinical Data Sources (Populations Exposed
and Extent of Exposure) Used to Evaluate Safety '

The protocol specified Gleevec dose for the 7 MDS/MPD patients was 400 mg/day. The
dose received is summarized in Table 10. -

Table 10: Dose intensity (mg/day)

Myeloproliferative disorder (N=7)
Mean £SD o | 433.14275.36
Median 395.7

Min - Max 50.8 - 880.5

Reasons for dosage change are listed in Table 11.

Table 11: Dosage change reason

Myeloproliferative disorder | 7 (100)
Adverse event 2 (28.6)
Dosing error .~ 1(14.3)
Lab or test abnormality 1 (14.3)

The fact that only 7 patients were studied limits the'conc.hlsions.that-can be drawn.

7.2.2 Description of Secondary Clinical Data :Sdurces Used to Evaluate
Safety - o ' ' ' -

See literature review, Section 8.6
7.2.3 Adequacy of O_vérall Clinical Expér_ie_nce
An adequate number of subjects were exposed to the drug, including adequate numbers

of various demographic subsets and people with pertinent risk factors Doses and
durations of exposure were adequate to assess safety for the intended use. Design of

studies (open, active-control, placebo-control) was adequate to answer critical questions.
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'Potential class effects were adequately evaluated. There were no study exclusions that _ \}
limit the relevance of safety assessments.. 7

~ 7.2.4 Adequa'cy of Special Animal and/or In Vitro Testing

No new information was provided. Animal and/or In-Vitro Testing was-adequate based
on prevrous submissions. :

7.25 Adequacy of Routine Clinical Testing

Adequate |

7.2.6 Adequaey of Metaboric. Clearance. and Interaction Werkup

Adequate |

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

Evaluation for potential adverse events was adequate No new recommendatlons for
further study.

7.2.8 Assessment of Quality and Completeness of Data
Data was of high quality and was complete.

7.29 Addltlonal Submlssmns lncludmg Safety Update

R

All relevant mformatmn was submltred.

7.3 Summary Of Selected Drug- Related Adverse Events. .
Important Limitations Of Data. And Conclusmns

In phase II trials in CML, the majority of patients experienced drug-related adverse
events (AEs) at some time, but most were mild to moderate in severity. Discontinuation
for drug related AEs occurred in 2%, of patients in chronic, phase CML. Skin rash and”
elevated transaminases were the most common reason for drug discontinuation (each in
<1% of patients). The most frequently reported AEs were mild nausea, vomiting,
diarrhea, superficial edema (primarily periorbital or lower limb), myalgla and muscle
cramps. Grade 3/4 events occurring in <4% of patients included fluid retention (pleural or
pericardial effusions, ‘ascites, pulmonary edema), skin rash, liver toxicity and.
gastrointestinal (GI) hemorrhage Myelosuppression was a consistent ﬁndmg across
studies. Grade 3/4 neutropenia and thrombocytopenia were more frequent in CML
patients in accelerated phase or blast crisis patients than in chronic phase. In a
randomlzed Phase III study in 1106 newly diagnosed CML patrents Gleevec 400 mg S
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daily has been compared to the combination of IFN + Ara-C (study 0106). Gleevec
associated myelosuppression was less frequent in this study. Grade 3/4 neutropenia
occurred in 33% and 12% of patients in studies 0110 and 01086, respectively, and grade
3/4 thrombocytopenia in 21% and 7% of patients. The long-term follow-up (>2 years of
exposure) has not significantly modified the safety profile of Gleevec. The proportion of
patients discontinuing treatment for adverse events has increased only modestly (in newly
diagnosed patients, this percentage increased from 2% to 3.1% with an additional 18
- months of follow-up). The frequency of grade 3 or 4 hematologic toxicity has also

slightly increased in the two chronic phase trials 0110 and 0106. However, this has to be
interpreted with caution as an increasing proportion of patients had théir dose increased
from 400 to 600 or 800 mg daily per protocol. The data indicate that the drug is well
tolerated in the target populatxon

The currently reported AFE’s in patients with MDS/MPD are similar to the above known
‘Gleevec adverse effects. : :

7.4 General Metho_do,log_y

7.4.1 Pooling Data Across Studies to Estimate and Compare lncide‘nee

Separate safety data was provrded for each study Because of different Gleevec doses for
solid tumors and hematologic malignancies, because of the small number of' patients -
studied for each disease and because of the large amount of safety data already available
it was not felt to be worthwhile to pool safety data. . :

7.4.2 Expl.oratlon_s for Predictive Factors

- Predictive factors including dose dependency, time dependency, drug- -demographic
interactions, and drug-disease interactions were not explored in the current study.

'7.4.3 Causality Determination ,

AE's occurrmg with Gleevec treatment likely represent the effect of the drug in the
population of patients with MDS/MPD.

8.0 ADDITIONAL CLINICAL ISSUES

8.1 Dosing Regimen and Administration =

In the phase I trial 03 001, doses of 400 mg to 800 mg were considered as safe and
effective and were recommended for the subsequent phase II and phase III trials.
However, in this trial, no maximally tolerated dose was characterized up to 1000 mg/day.
The recommended doses of 400 mg for patients with MDS/MPD has been based on the
findings of the initial phase I trial 03 001, subsequently confirmed by the phase II trial
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0110 in patients fallmg prior IFN therapy and by the phase III trial 0106 in patients with
- newly-diagnosed CML.

8.2 Drug-Drug lnte'ractiovns_- ,
Gleevec is a substrate for CYP3A4 indicating a potential for decreased plasma levels
- when administereéd concomitantly with inducers of this enzyme class. A loss of

therapeutic efficacy can be anticipated when Gleevec is administered together with
inducers of this enzyme class.

8.3 Special Populations

‘No new information is available.:

- 8.4 Pediatrics

In accordance with 21 CFR 314.55 the sponsor requests a full waiver of the requirements
for submission of data that are adequate to assess the safety and efficacy of Gleevec in
this population of pediatric patients. The basis for this waiver is 314.55¢(2)(ii): necessary
studies are impossible or highly 1mpractrcal because the number of patients is so small.
To our best knowledge, there is:no published information on the frequency of

: 'Myeloprohferatwe Diseases (MPDs) associated with PDGFR gene re-arrangements. The
lack of a standardized disease code precludes an automatic search in health databases. In
addition, there is no population-based registry allowing estimation of the incidence and
prevalence of the disease. The diagnosis seems to be very rare, with enly a small number
of case reports published to date. '

8. 5 Advisory Committee Meetlng . ,
An ODAC meeting to discuss this applrcatlo_n is not planned. . LU

8.6 Literature Review

Apperley JF, Gardembas M, Melo JV; et al (2002). Respense t6 imatinib mesylate in
patients with chronic myeloproliferative diseases with rearrangements of the platelet- -
derived growth factor receptor beta. N Engl J 'Med' 347'(7):481;7.

Cortes J, Giles F, O’Brien S, et al (2003) Results of imatinib mesylate therapy in
patients with refractory or recurrent acute. myelord leukemia, high-risk myelodysplastic
syndrome and myeloproliferative disorders. Cancer; 97(11): 2760-65.

Garcia JL, Font de Mora J, Hernandez JM, et al (2003) Imatinib mesylate elicits
positive clinical response in atypical chronic myeloid leukemia involving the platelet—
derlved growth factor receptor beta. Blood; 102 (7):2699-700.
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Grand FH, Burgstaller S, Kuhr T, et al (2004) p53-Binding protein 1 is fused to the
platelet derived growth factor receptor beta in a patient with-a t(5;15)(q33;922) and an
imatinibresponsive eosinophilic myeloproliferative disorder. Cancer Res; 64(20):7216-9.

Levine RL, Wadleigh M, Sternberg DW, et al (2004) - KIAA1509 is a novel PDGFRB |
fusion partner in imatinib-responsive myeloproliferative disease associated with a

t(5:14)(q33:q32) Leukemia; 19(1):27-30.

Magnusson MK, Meade KE, Nakamura R, et al (2002) Activity of STI571 in Chronic
myelomonocytic leukemia with a platelet-derived growth factor f receptor fusion -
oncogene. Blood; 100(3):1088-90. :

Pardanani A, Elliott M, Reeder T, et al (2003a) Imatinib for systemic mast-cell disease.
Lancet; 362(9383):535-6. Pardanani A, Reeder T, Porrata LF, et al (2003b) Imatinib
therapy for hypereosinophilic syndrome and other eosinophilic disorders. Blood;
101(9):3391-7. '

Pardanani A, Brockman SR, Paternoster SF, et al (2004) FIP1L1-PDGFRa fusion:
prevalence and clinicopathelogic correlates in 89 consecutive patients with moderate to
severe eosinophilia. Blood; 104(10):3038-45. ‘

Pitini V, Arrigo C, Teti D, et al (2003a) Response to STIS71 in chronic myelomonocytic

leukemia with platelet derived factor beta receptor involvement: a new case report.
" Haematologica 88(05):ECR18. . ' o

Safley AM, Sebastian S, Collins TS, et al (2004) Molecular and cytogenetic.
characterization of a novel translocation t(4:22) involving the breakpoint cluster region % .
and platelet growth factor receptor-alpha genes in a patients with atypical chronic
myeloid leukemia. Genes, Chromosomes & Cancer ; 40:44-50. '

Trempat P, Villalva C, Laurent G, eg al (2003) Chronic gnyelgprolife;ative disorders
with rearrangement of the platelet-derived growth factor a receptor: a new clinical target
for STI571/Glivee. Oncogene; 22:5702-6.

Vizmanos JL, Novo FJ , Roman JP, et al (2004) NIN, a gene encoding a CEP1 10-like
* centrosomal protein, is fused to PDGFRS in a patient with a t(5:14)(q33:q24) and an
imatinib responsive myeloproliferative disorder. Cancer Res; _64(8):2673-6. '

Wilkinson K, Velloso ER, Lopes LF, et al (2003) Cloning of the (1 :5),(q23:q33) ina
myeloproliferative disorder associated with eosinophilia: involvement of PDGFRp and
response to imatinib. Blood; 102(12):4187-90.

Wittman B, Horan J, Baxter J, et al (2004) A 2-year-old with atypical CML with a
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t(5 12)(q33:p13) treated successfully with imatinib mesylate. Leukemia Research
28(51):565-9. _ .

8.7 Postmarketing Risk Management Plan

Based upon cumulative reviews in the most recent PSUR version 5 it was recommended
to continue to monitor the following events: Myocardial infarction, angina pectoris,
cardiomegaly/cardiomyopathy, thrombocythemia, disseminated intravascular
coagulation, Raynaud’s phenomenon/intermittent claudication /ischemic episodes,
Parkinson’s disease, rhabdomyolysis, hemolytic anemia, glucose metabolism disorders;
deafness/hypoacusia, nephrolithiasis, myopathy/myositis, arthritis, inflammatory bowel
disease, worsening of ulcerative colitis and Crohn’s disease, intestinal ulcer, splenic
necrosis, suicide attempt, splenic rupture, renal colic, scleroderma, hepatic '
necrosis/cirrhosis and pulmonary hypertension will continue to be monitored. Sweet’s
syndrome was considered for inclusion in the Core Data Sheet. |

8.8 Other Relevant Materials

No new information is available.

9.0 OVERALL AASSESS}M ENT

9.1 Conclusuons

The reviewer concurs with the sponsor's assessment: of efﬁcacy and safety of Gleevec in ;

the treatment of MDS/MPD

9.2 Recommendation on Regulatory Action - .
Regular approval of the proposed indication “Gleevec is indicated for the treatment of

adult patients with myelodysplastic/ myeloproliferative diseases (MDS/MPD) associated
with PDGFR (platelet-derived growth factor receptor) gene re-arrangements.” .
9.3 Recommendation On »Pestmarket_ing Aetibns - |
. 9.3.1 Risk Management Acttvuty | |
: Contmue post-marketing survelllance

9.3.2 Required Phase 4 Commltments

None o |

9.3.3 Other Phase 4 Requests
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Assure avaiiability of a validated test kit for detection of PDGFR gene rearrangement by
FISH analysis. The Pre-Market Application (PMA) filing by a 3" party should occur by 4.
months after approval.

9.4 Labeling Review
Label reviewed by DODP Gleevec team.

9.5 Comment_s To Applicanf

None.

10.0 APPENDICES

-See clinical section

10.1. Review Of Individual Study Reports

- 10.2 Line-By-Line Labeling Review

Done. :
10.3 DSl Inspection

The following are “preliminary results” from NEW-DO and from NYKfDO regarding

- the inspections of Dr. George Demetri and Dr. Richard Silver for NDA-21588/S-011 and
S-013 for Gleevec®. Based on no FDA 483s issued, both sites appearto bein
compliance with the applicable GCP regulations. N :

NWE-DO . : .

Dr. George Demetri (Study B2225) (Site 501) (6 subjects)

DFCI & Harvard Medical School _ :

Inspection completed on April 28, 2006. o

No FDA 483 was issued. At lease two instances of minor deviations from the protocol
related to the +/-2 day visit window( 4 out of 6 subjectsl had visits outside this 2 day »
window) and subjects being provided much larger quantities of study medications ( up to
6 month supplies were given to some subjects; the protocol required up to 6 weeks
supply). However, these deviations were discussed and approved by the sponsor.

- NYK-DO o ' v

Dr. Richard T. Silver (Study B2225) (Site 506) (5 subjects) -

New York Hospital- Cornell _ ’

Inspection completed April 26, 2006 _ _ S
- No FDA 483 was issued. Study records and documentations at this site were found to be -~
highly organized; studies were meticulously monitored by the regulatory staff of ‘Cormnell
and under the close supervision of the sponsor. Data listings and the reporting of AEs
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-

and SAEs were found to be accurately reported. Drug accountability records were in
good order.

[ would like to forward the following additional observations made by the FDA Field
Investigator related to bone marrow cytogenetic study requirement (to be done at
screening and weeks, 13 and 25 per protocol). I wanted to see if you have any further
issues or comments with regard to cytogenetic screening/cytogenetic response or Dr.
Silver’s comments about FDA requirements with regard to the following five subjects at
this site:

Subject 502 -
Review of the bone marrow analy51s CRF respectlvely for week five dated 24 November

1999 and week nine dated 23 December 99 revealed that the bone marrow cytogenetic

analysis was not done. This deviation was attributed to a dry tap during the biopsy. This b(ﬁ)
~ observation was discussed with Dr. Silver during the inspection and at the close out

discussion. However upon review of the protocol bone marrow cytogenetic studies

schedule this requirement was to be done at screening and weeks, 13 and 25. There ‘was

no protocol violations listed for this subject as part of the NDA listing.

Subject 509 :
The subject entered the study on 1/13/2000. The screemng cytogenetic report dated h(ﬁ)
1/12/00 based on a specimen date of 1/6/00 reads in part, "A bone marrow: sample

received on 1/6/00 was clotted on arrival. Unstimulated 24-hour cultures were set up as

per protocol. The cultures failed to grow." Review of the subjects medical record

revealed that there was adequate documentation to support the diagnosis of the

Philadelphia chromosome positive ALL. A cytogenetics report dated 5/16/00 with a’

specimen date of 2/14/00 utilizing fluorescent in situ hybridization (FISH) with the , W e

- BCR/ABL DNA probe revealed 12.5% Ph positive and 87.5% Ph negative interfaces -
-were found. The protocol violation section of the NDA states that subject 509 be
excluded per protocol analysis (cytogenetic response) as the protocol violation reads, “Ph
chromosome negative at baselrne s -

Subject, 510 — o ' A . oo b(ﬁ)
The subject entered the study on 1/21/2000. '

'The screening cytogenetics report date 1/28/00. based ona specrmen date of 1/19/00 was
negative for Philadelphia positive chromosome. However, review of the medical records
revealed that there was adequate documentation to indicate that the subject was clinically”
positive for Ph positive ALL. The protocol violation section of the NDA states that
subject 510 be excluded from per protocol analysis (cytogenetlc response).

Subject 526 —— E : o b(6)
Subject entered the study on 2/ 17/00. The bone marrow specimen was obtalned on

2/16/00. The screening bone marrow cytogenetic analysis was not done because ofadry .

tap bone marrow. aspirate. - The bone marrow specimen was only enough to be sent for
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surgical pathology and not cytogenetics. The molecular pathology report date 2/15/00
based on a specimen date of 2/4/00 indicates BCR-ABL analysis consistent with a
presence of a Philadelphia chromosome (t 9; 22). In addition, the cytogenetics report
dated 1/13/00 based on a specimen date of 11/30/99 indicates that the Philadelphia
chromosome was present in 100% of the cells studied. Lastly various components of the
blood chemistry for the week one day one visit was not done.

The protocol violation section of the NDA states that subject 506 has minor protocol
violations as there is no documentation of Ph chromosome positivity (Ph missing at
baseline).

b(6)

Subject 520 — .

Review of the bone marrow analysis CRF respectively for week five dated 13 March ,
12000 revealed that the bone marrow cytogenetic analysis was not done. This observation
- was discussed with Dr. Silver during the close out discussjon. This deviation was
attributed to a dry tap during the biopsy However upon review of the protocol bone
* marrow cytogenetic studies schedule required this to be done at screening and weeks, 13
and 25. The blood chemistry week one day one visit two was not done as part of day one
of dosage. There was no protocol violations listed for this subject as part of the NDA
listing ~

These aforementioned observations were discussed with the regulatory coordinators
~during the conduct of the inspection and with Dr. Sitver as noted. A close out discussion
was conducted with Dr. Silver and the regulatory coordinators. No FDA 483 was issued.

Dr. Silver acknowledged the inspectional findings and made comments with regard to
the definitive diagnosis of Philadelphia positive chromosomé as it pertains to the bone
marrow cytogenetic studies and fluorescent in situ hybridization (FISH ) using the .
BCR/ABL DNA probe. He stated that he made it very clear during the investigator
meetings that they were not doing the BCR/ABL test or FISH analysis. He stated that
because of this there would be deficiencies noted and he has written various articles in
the literature about this. He stated that Novartis was made aware of this. However FDA
considered the bone marrow cytogen&tic studies as the standard. During discussions with
Novartis, he made them aware that utilizing traditional bone marrow biopsies could result
~in dry taps because of a lack of aspirate and recommended that BCR/ABL test be.used as
there is a question of sensitivity utilizing bone marrow cytogenetic testing. Dr. Silver
requested that I include this information as part of my report. Dr. Silver will respond to
any correspondence received by FDA.
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Application Type NDA 21-588
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Submission Code 013 (Relapsed/refractory Ph+ ALL)
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Stamp Date 12/20/05
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Established Name - - Imatinib mesylate (STI571)
Trade Name - . Gleevec B
Therapeutic Class Molecularly targeted drug
Sponsor - ’ " Novartis

Priority Designation S

Formulation

Gleevec® (imatinib meéylate) film-coated tablets Contain imatinib mesylate equivalent to
100 mg or 400 mg of imatinib free base.

Dosing Regimen o b("/
The recommended dose of Gleevec as single-agent — is
600 mg/day for adult patients with relapsed/refractory Ph+ ALL. '

The recommended dosage of Gleevec® (imatinib mesylate)'is 400 mg/day for adult patients
in chronic phase CML and 600 mg/day for adult patients in accelerated phase or blast crisis. &% B

The recommended Gleevec dosage is 260 mg/ m’/day for children with Ph+ chronic phase
CML recurrent after stem cell transplant or who are resistant to interferon-alpha therapy.

The recommended dosage of Gleevec is 400 mg/day or 500 nig/day for adult patients with
unresectable and/or metastatic, malignant GIST..

The prescribed dose should be administered orally, with a meal and a large glass of water.
Doses of 400 mg or 600 mg should be administered once-daily, whereas a dose of 800 mg
should be administered as 400 mg twice a day. ‘ ' '

[ndication(s) .
Proposed Indication:

Gleevec is indicated as a single agent for the treafment of adult patients with relapsed or
refractory Ph+ ALL. '

Other indications:
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Gleevec (imatinib mesylate) is indicated for the treatment of newly dlagnosed adult
patients with Philadelphia chromosome positive chronic myeloid leukemia (CML) in
chronic phase. Follow-up is limited.

~ Gleevec is also indicated for the treatment of patients with Philadelphia chromosome
positive chronic myeloid leukemia (CML) in blast crisis, accelerated phase, or in chronic
phase after failure of interferon-alpha therapy. Gleevec is also indicated for the treatment of
- pediatric patients with Ph+ chronic phase CML whose disease has recurred after stem cell
transplant or who are resistant to interferon-alpha therapy There are no controlled trials in
pediatric patients demonstrating a chmcal benefit, such as improvement in disease-related
symptoms or increased survival.

- Gleevec is also indicated for the treatment of patients with Kit (CD117) positive
unresectable and/or metastatic malignant gastrointestinal stromal tumors (GIST). The
effectiveness of Gleevec in GIST is based on objective response rate. There are no
controlled trials demonstrating a clinical benefit, such as improvement in disease-related
symptoms or increased survival. :

Intended Population

See indication
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1.0 EXECUTIVE SUMMARY

The purpose of the present submission is to present data to support the proposed indication:
“Gleevec is indicated as a single agent for the treatment of adult patients with relapsed or
refractory Ph+ ALL”.

The current submission includes efficacy and safety data obtained from 5 studies enrolling
443 subjects with relapsed/refractory Ph+ ALL or Ph+ LBL (Ilymphoid blast crisis). Of the 5
studies, two (trials 0109 and 03001) including 43 Ph+ ALL patients receiving Gleevec 600
mg/day in trial 0109 and 7 patients with Ph+ ALL/LBL receiving Gleevec > 600 mg/day in
study 03001 provide efficacy data. Trials AUS 01 and AAUO2 demonstrate that Gleevec
can be safely combined with intensive chemotherapy regimens and :
v. Study 0114 was an expanded ‘access protocol. Efficacy d%? Wwas
limited to time to progressi(m & overall survival. 4)

1.1 Recommendatlon On Regulatory Action |

The clinical reviewer recommends that Gleevec receive regular approval for the treatment
of adult patients with relapsed/refractory Ph+ ALL. This is based upon the induction of both
hematologic and cytogenetic responses in this patient population. For the 7 Ph+ ALL/LBC
patients in the phase | study (03001) who received Gleevec doses of 600 mg/day or higher 3
had a complete hematologic response (CHR). For the 43 patients with Ph+ ALL treated with
Gleevec 600 mg/day in the phase 2 study (0109) there were 3 confirmed CHR’s (7%), 0
NEL (no evident leukemia) and 7 RTC/PR’s (16%) in the sponsor analysis. In the sponsor
analysis of unconfirmed hematologic responses there were 8 CHR’s (19%), 3 NEL’s (7%
and 13 RTC/PR’s (30%). In the FDA analysis that included both confirmed and
unconfirmed responses there were 8 CHR’s (19%), 5 NEL3s (12%) and 11 RTC’s (26%).

Major cytogenétic responses (complete or partial; confirmed or unconfirmed) were seen in
15 (35%) of 43 Ph+ ALL phase 2 patients who received Gleevec 600 mg/day. Of the 15
patients with MCyR, 9 (21%) achieved CCyR (6 conﬁrmed) and 6 (14%) had aPCyR (3
confirmed).

The median time to progression in study 0109 was 2.6 mOnths (95% CI 1.9, 3.0). In the
expanded access study 0114 the median TTP was 3.1 months (95% CI 3.0, 4.0).

Gleevec was generally well tolerated. The most frequently reported non-hematological AEs
included nausea, vomiting, pyrexia and peripheral edema. In the population of older patients
(= 55 years) the efficacy and safety results were comparable to those obtained in the
younger population (< 55 years old). No new safety concerns were ratsed.

12 Recommendation On Post- marketmg Actlons
Contmue post-marketing surveillance.

1.21 Risk Management Activity-
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Continue post-marketing surveillance of AE's ) | ' TN
1.22 Required Phase 4 Commitments.

No new phase 4 commitmertts.

1.23  Other Phase 4 Requests

None

1.3 Summary Of Clinical Findings
131  Overview of Clinic-al Program

The clinical program includes efficacy and safety data primarily obtamed from one phase 2
study and supporting data from one phase 1 study. A total of 53 Subjects with
relapsed/refractory Ph+ALL are evaluable.

Background

Acute lymphoblastic leukemia represents 20% of adult acute leukemias. The disease has a
bimodal distribution, with a peak of incidence around the age of 2-4 years (4-5 pér
100,000), which decreases durmg later childhood, adolescence, and adulthood before a -
second, smaller peak occurs in patients older than 50 years (1 per.100,000). About 10, 000
new cases are diagnosed in adults in Europe and about 500Q in the US each year. The
annual incidence rates in Europe were 1.3 per 100,000 in men and 0.9 in women.

Philadelphia-positive ALL results from a reciprocal translocatlon between chromosomes 9
and 22, 1(9;22) (q34;q11), which encodes the BCR-ABL fusion protein, The proto-oncogene
ABL encodes a tyrosine-specific protein kinase, whose activity is tightly regulated. By ~
contrast, the BCR-ABL fusion protein is a constitutive agtive protein kinase that alters -
signaling pathways which control the prohferatlon survwal and self renewal of
hematopoietic stem cells. With a frequency of about 25% of ALL, Philadelphia-positive

ALL (Ph+ ALL) is the most common cytogenetic variant in adult ALL. Some studies

suggest that the incidence of Ph+ ALL increases with age up to approximately 65 years.and
~ then decreases with an overall prevalence of 30% of ALL in the elderly, compared with
20% in younger adults. -

 The treatment of adult Ph+ ALL is an area of unmet medical need Outcome with
conventional chemotherapy in Ph+ ALL has been poor. Complete response ratés have
ranged from 54% to 90%, with median disease-free survival of 4 to 11 months and median
survival of 9 to 13 months. The only potentially curative approach to ALL in general and,
more specifically, to Ph+ ALL is allogeneic stem cell transplantation. Overall 3-year.
survwal and rate can reach 40% in selected pat1ents Unfortunately, less than 30% of the
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patients have a matched sibling donor and the median age of Ph+ ALL patients is
approximately 60 years and therefore beyond the generally accepted upper age limit for a
transplant (55 years). Furthermore many of these older patients cannot receive the standard
ALL chemotherapy because of co-existing morbidity or adverse events that impede
chemotherapy completion. Chemotherapy for. ALL is also associated with a significant
mortality, especially in elderly patients. Induction death rate can range from 8 to 50%, when
the CR rate ranges from 31 to 85% and the median overall survival from [ to 14 months.

1.3.2 Efficacy

For the 7 Ph+ ALL/LBC npatients in the phase 1 study (03001) who received Gleevec doses
of 600 mg/day or higher 3 had a complete hematologic response (CHR). For the 43 patients
with Ph+ ALL treated with Gleevec 600 mg/day in the phase 2 study (0109) there were 3

- confirmed CHR’s (7%), 0 NEL (no evident leukemia) and 7 RTC/PR’s (16%) in the sponsor

analysis. In the sponsor analysis of unconfirmed hematologic responses there were § CHR’s
(19%), 3 NEL’s (7%) and 13 RTC/PR’s (30%). In the FDA analysis that included both
confirmed and unconfirmed responses there were 8 CHRs (19%), 5 NEL’s (12%) and 11
RTC’s (26%). ' :

Major cytogenetic responses (complete or partial; confirmed or unconfirmed) were seen in
15 (35%) of 43 Ph+ ALL phase 2 patients who received Gleevec 600 mg/day. Of the 15
patients with MCyR, 9 (21%) achieved CCyR (6 confirmed) and 6 (14%) hada PCyR (3
confirmed). -

The median time to progression iﬁ-study 0109 was 2.6 months (95% CI 1.9, 3.0). In the
expanded access study 0114 the median TTP was 3.1 months (95% CI 3.0, 4.0).. .
Hematologic and cytogenetic response rates and durations were comparable in patients less
than or greater than 55 years of age.

1.3.4 Dosing Regimen and Admihistration

.
>

The reéommer_lded'dosage of Gleevec® (imatinib ‘mesylate) is 600 mg/day for adult patients
with relapsed/refractory Ph+ALL. ' -

1.3.5 Drug-Drug Interactions

CYP3A4 Inhibitors: Substances that inhibit the cytochrome P450 isoenzyme (CYP3A4)

activity (e.g., ketoconazole, itraconazole, erythromycin, clarithromycin).may decrease _
metabolism and increase imatinib concentrations. There is'a significant increase in exposure
to imatinib (mean Cpaxand AUC increased by 26% and 40%, respectively) when Gleevec is
coadministered with ketoconazole (CYP3A4 inhibitor).

CYP344 Inddcers; Substances that are inducers of CYP3A4 activity may increase
metabolism and decrease imatinib plasma concentrations. Co-medications that induce
NDA 21588S 013 . 9

Martin H. Cohen, M.D.
Gleevec® (imatinib mesylase; STI571)



Clinical and Statistical Review

CYP3A4 (e.g., dexamethasone, phenytoin, carbamazepine, rifampin, phenobarb1tal or St.
John’s Wort) may significantly reduce exposure to Gleevec. Pretreatment of healthy
volunteers with multiple doses of rifampin followed by a single dose of Gleevec, increased
Glegvec oral-dose clearance by 3.8-fold, which significantly (p<0:05) decreased mean Cpax
and AUC (o). In patients where rifampin or other CYP3A4 inducers are indicated,
alternative therapeutic agents w1th less enzyme induction potential should be considered.

CYP3A44 Substrates: Gleevec increases the mean Cpa and AUC of simvastatin (CYP3A4

- substrate) 2- and 3. 5-fold, respectively, suggesting an inhibition of the CYP3A4 by Gleevec.
Particular caution is recommended when administering Gleevec with CYP3A4 substrates
that have a narrow therapeutic window (e.g., cyclosporine or p1m021de) -Gleevec will
increase plasma concentration of other CYP3A4 metabolized drugs (e.g.,
triazolo-benzodiazepines, dihydropyridine calcium channel blockers, certam HMG-CoA
reductase inhibitors, etc.).

Because warfarin is. metabolized by CYP2C9 and CYP3 A4, patients who require
anticoagulation should receive low—molecular weight or standard heparin.

In vitro, Gleevec inhibits the cytochrome P450 isoenzyme CYP2D6 activity at similar
concentrations that affect CYP3A4 activity. Systemic exposure to substrates of CYP2D6 is

expected to be increased when coadministered with Gleevec. No specific studies have been -

performed and caution is recommended.

In vitro, Gleevec inhibits acetaminophen O-glucuronidation (K; value of 58.5 pM) at
therapeutic levels. Systemic exposure to acetaminophen is expected to be increased when
coadministered with Gleevec. No specific studies in humans have been performed and
caution is recommended :

Enzyme Inhibition: Human liver microsome studies demonstrated that Gleevec is a potent

competitive inhibitor of CYP2C9, CYP2D6, and CYP3A4/5 with Kivalues of 27, 7.5 and 8

. M, respectively. Gleevec is likely to increase the blood level of drugs that are substrates of
CYP2C9, CYP2D6 and CYP3A4/5.

s
*a

1.3.6 Special Populations
- Pediatric p:atients. ‘

One open-label, single-arm study enrolled 14 pediatric patients with Ph+ chronic phase
CML recurrent after stem cell transplant or resistant to alpha interferon therapy. Patients
ranged in age from 3 to 20 years old; 3. were 3-11-years old, 9 were 12-18 years old, and 2
were >18 years old. Patients were treated at doses of 260 mg/mz/day (n=3), 340 mg/ma/day
(n=4), 440 mg/mo/day 297 (n—S) and 570 mg/mz/day (n=2). In the 13 patients for whom
cytogenetic data are available, 4 achieved a major cytogenetic response, 7 achiéved a
complete cytogenetic response, and 2 had minimal cytogenetic response. At the
recommended dose of 260 mg/m2/day, 2 of 3 patients achieved a complete cytogenetlc
response. Cytogenetic response rate was similar at all dose levels.
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In a second study, 2 of 3 patients with Ph+ chronic phase CML resistant to alpha interferon
achieved a complete cytogenetic response at doses of 242 and 257 mg/m2/day.

Hepatic Insufficiency: The effect of hepatic impairment on the pharmacokinetics of both imatinib
and its major metabolite, CGP74588, was assessed in 84 cancer patients with varying degrees.of
hepatic impairment (Table 1) at imatinib doses ranging from 100-800 mg. Exposure to both
imatinib and CGP74588 was comparable between each of the mildly and moderately hepatically-
impaired groups and the normal group. However, patients with severe hepatic impairment tend to
have higher exposure to both imatinib and its metabolite than patients with normal hepatic
function. At steady state, the mean Cmax/dose and AUC24/dose for imatinib increased by about
63% and 45%, respectively, in patients with severe hepatic impairment compared to patients with
normal hepatic function. The mean Cmax/dose and AUC24/dose for CGP74588 increased by
about 56% and 55%, respectively, in patients with severe hepatic impairment compared to patients
with normal hepauc function. :

Table 1: Liver Functi_on Classification

Liver Function . Normal Mild "1 Moderate Severe

Test . (n=14) (n=30) | (=20 (n=20)

Total Bilirubin SULN | 1.5 ULN >L53K ULN | >3-10x ULN

SGOT < > ULN (can be normal if
<ULN Total Bilirubin is >ULN)

Any = | Any

ULN=upper limit of normal for the mstltutmn

Renal Insufficiency: No clinical studies were conducted with Gleevec in patients with ‘
decreased renal function (studies excluded patients with serum creatinine concentration ¥ .
nmore than 2 times the upper limit of the normal range) Imatmlb and its metabolites are not
significantly excreted via the kldney

Geriatric Use In the CML clinical studies, approximately 40% of patients were older than

60 years and 10% were older than 70 years. In the study of patients with newly dlagnosed

CML, 22% of patients were 60 years of age or older. No difference was observed in the

' safety profile in patients older than 65 years-as compared to younger patlents with the’
exception of a higher frequency of edema. The efﬁcacy of Gleevec was similar in older and

younger patlents :

2.0 lNTRODUCTION AND BACKGROUND

2.1 Product Informatlon

Gleevec® (imatinib mesylate STIS71) isa small molecule protem—tyrosme kinase inhibitor, -
which potently inhibits the Abl tyrosine kinase at the in vitro, cellular, and in vivo level. The
compound spec1ﬁcally inhibited. proliferation of v-Abl and Ber-Abl éxpressing cells,
suggesting that it is not a general antimitotic agent. In colony formation assays using
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progenitor cells ex vivo from patients with CML, imatinib showed selective inhibition of ,
Ber-Abl positive colonies. In addition, imatinib potently inhibits the activity of the platelet-

~ derived growth factor receptors a and p (PDGFRa and PDGFR), c-Kit, the receptor for

stem cell factor (SCF), c-Fms, the receptor for macrophage stimulating factor (M-CSF), as
well as Abl and Arg PTK. Imatinib also inhibits the cell signaling events mediated by
activation.of Ber-Abl, ¢-Kit and the PDGF receptors. In contrast, it does not affect signal
transduction mediated by other stimuli including epidermal growth factor, insulin and

-phorbol esters. In vivo, the compound shows anti-tumor activity as a single agent in animal

models at well tolerated doses ,

2.2 Currently Avallable Treatrnent For Proposed IndiCation

Treatment of Ph+ ALL usually includes an induction of response, (with regimens
including anthracyclines, vinca alkaloids with or without corticosteroids) followed by
consolidation (with regimens containing the same type of drugs as induction plus

_ cyclosphamide and Ara-C) and maintenance chemotherapy with 6-mercaptopurine,

methotrexate with or without vincristine while a suitable donor for a bone marrow transplant
is sought If a donor is not found, maintenance is continued as long as possible. At relapse
or progression, the only treatment options left are high-dose chemotherapy, o, in rare cases,
a second transplant, or palliative treatment. Although clofarabine and nelarabine have been
recently approved in the US for pediatric patients with relapsed/refractory ALL or T-cell

- ALL, the core chemotherapeutlc regimens have remained essentxally unchanged over the

past decade.-

2.3 AVailability Of Proposed Active Ingredient In The United States

Gleevec® is approved for use in the United States. See current indication.

2.4 Important Issues With Pharmacologically Rel,atéd Products
None : ' 4 i '

2.5 Presubmission Regulqgory_AotiVity

The clinical results were discussed with the FDA on 12-Aug-2004. The objective of this-
meeting was to seek’ guidance for the approval of imatinib as a treatment for patients with
rare malignancies carrying imatinib-sensitive targets. The FDA recogmzed the rarity of the
targeted malignancies and accepted to consider a potential filing based upon an exploratory
phase II study and published case reports/studies. Suggestions and recommendatlons on
how to analyze and present the data were also given.

2.6 Other Relevant Background Information
None

3 0 SIGNIFICANT FINDINGS FROM OTHER REVIEW
DISCIPLINES ’

NDA 21588S 013 12

* Martin H. Cohen; M.D.

. Gleevec® (imatinib mesylase; STIS71)

Mgt



/

Clinical and Statistical Review

3.1 CMC (And Product Mi-crobiology. If Applicable) -

No new data are available and therefore no changes of the label are required.

, 32 Animal PharmaCologyfF oxicology

- No néw data are available and therefore no changes of the label are required.

4.0 Data Sources, Review Strategy And Data Integrity

4.1 Sources of Clinical Data
Electromc Document Room document CdsesubI\N21588\S ~012\2005-12- 16\

4.2 Table of Clinical Studies- Relapsed/refractory Ph+ ALL

Submltted Studxes are listed in Table 2.

Table 2: Submitted Studies

Study Treatment Purpose n Daily Gleevec:
_ - dose
03001 Imatinib mono- Safety, efficacy .20 300 mg to 1000 mg
- therapy induction Phase I - - ) ‘ >600 mg (n=7)
1 0109 . 'Imatinib mono- Efficacy, safety, - 56 400 mg to 600 mg
therapy induction Phase2 . - 48 PhtALL 600 mg (n=43)
0114 " Imatinib mono- . Safety: Efficacy data . 353 600 mg

therapy induction limited to time to progr-
ession & overall survival

| AAU02  Imatinib combined Safety, efficacy - 9 600 mg

. with chemotherapy _ ‘
AUSO01 Imatinib combined  Safety, efficacy 5 - 400 mg
- with chemotherapy :
Total number of patients _ - 443

4.3 Review Strategy

Efﬁcacy data pertaining to hematologic and cytogenetlc response rates and durations, as -

‘appropriate, were revnewed All safety data was reviewed.

4.4 Data Quality And Integrity :

DSI inspections will be performed.

4.5 Comphance With Good Clinical Practices

All studies. were conducted, as could best be determined, in full compliance w1th Good
Clinical Practice. The phase II clinical study was monitored by Novartis personnel or a
contract organization for compliance to the protocol and the procedures described in it.
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4 .6 Financial Dlsclosures :

No clinical investigators in the submitted studies are full or part—trme employees of
Novartis Pharmaceuticals Corporation. There were no disclosable financial arrangements

or interests identified for all studies except the expanded access protocol 0114 (Table 3). .

- Financial disclosure information regarding the publications supporting this NDA
submission was determined directly from the publication disclosure statements. The

- authors either did not describe financial interest in any of the pubhcatrons or stated that
they had no conflict of interest or ﬁnancral interest.

Table 3: Financial Disclosure

Investigator ~ Center Al_nbunt Category of Disclosure
‘ ___No. _ Disclosed ' :
> $25,000

> $25,000 ' ] b(6)

$30.700

> $25.000 :

5.0 CLINICAL PHARMACOLOGY

5.1 Pharmacokmetlcs

No new data are available and therefore no charrgeé of the label are required.

5.2 Pharmacodynamlcs _
No new data are available and therefore no changes of the label are requrred.

5.3 Exposure-Response -Relatlonshlps
No new data are available and therefore no changes of the label are required.

6.0 INTEGRATED REVIEW OF EFFICACY

6.1 Indication

Gleevec is mdrcated as a single agent for the treatment of adult patients with relapsed or
refractory Ph+ ALL. '

6.1.1 Me‘thod_s
Phase 1 and phase 2 studies submitted by the sponsor were reviewed. See section 6.1.3.

NDA 21588S 013 | 14
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6.1.2 General Discussion of Endpoints -

Efficacy endpoints have been discussed with, and approved by, the FDA. Definitions of
endpoints are summarized in Table 4. : '

" Table 4: Endpoint Definitions

- Complete hématologic response (CHR) -
<5% blasts in BM
No blasts in PB ,
ANC >1.5 x 109/L. and Platelets >100 x 109/L
No extramedullary involvement '

No evidence of leukemia (NEL):V _
As for CHR, but without complete recovery of peripheral blood,
1e. LOSANC<1.5x109/L and 20 <Platelets < 100 x 109/L

Return to chronic phase (RTC):
- <15% blasts in PB and BM
<30% blasts + promyelocytes in PB and BM
<20% basophils in PB :
No extramedullary involvement other than spleen or liver

' Cytogenetic response -

Based on % positive cells = (positive cells / exami;ped'cclls) x 100, at
each bone marrow assessment the cytogenetic response was either:

* Complete: 0% Ph+ cells _

* Partial: >0 - 35 % Ph+ cells

* Miner: >35 - 65 % Ph+ cells -

* Minimal: >65 - 95 % Ph+ cells

* None: >95 % Ph+ cells”

* Not done: <20 metaphases were examined and/or response could -
not be assigned :

A bone marrow sample was to be considered as assessable for
cytogenetic response only if it contained >20 metaphases. This
condition was always maintained for affirmation of complete response.
However, an assessment of partial response was retained in a sample
‘with <20 metaphases when it was immediately preceded or followed by
‘a complete or partial response in another sample.

Duration of mﬁjofjc‘ytogenetic response-

~ NDA 21588S_013 , 15
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6.1.3

This duration was e_valuated. for all patients with major cytogenetic
response and was defined as the time between first documented

complete or partial response and the earliest of the following:

e loss of complete cytogenetic response- increase to >0% Pht cells.

e loss of partial cytogenetic response -increase by >30% Ph+ cells
compared to lowest value before current assessment or an increase
to >65% Ph+ cells

e discontinuation due to unsatisfactory therapeutic effect or death.

Study Design

Controlled Studies

~ No controlled studies were performed in the population of relapsed/refractory patlents
‘with Ph+ALL. Table 5 summarizes Gleevec monotherapy trials.

Table 5: Relapsed/refractory Ph+ALL-Gleevec monotherapy trials

Study | Study objective; | Study design | Patients | Dose Efficacy endpoint
: population regimen B
03001 | efficacy/safety; Phase I, dose | Total: 20 imatinib: Anti-leukemic
Ph+ ALL or escalating Ph+ALL 300-1000mg | acfivity by
CML-LBC pilot study n=10 (6 >600 mg decrease in
‘ : adult) (=7) . peripheral WBC
CML-LBC ) counts and percent
n=10 Ph+ cells in bone
: _marrow '
0109 | efficacy/safety; Open label, Ph+ALL: imatinib: Confirmed hemato-
' Pht+ - | Pht ALL or non n=48; | 400 mg (n=5) | logical response,
ALL | CML-LBC randomized, | CML- 600mg(n=43) | response duration,
' multi-ceater, | LBC:n=8 | .+ . cytogenetic
Phase I study _ _résponse
10114 | Safety, expanded Phase I, - 353 600 mg daily | Time to -
Ph+ access program in | multi-center, progression
- ALL | Ph+ALL

‘Study 0114 An expanded access protocol of STI571 in adult patients with either chronic.

myeloid leukemia in accelerated phase or Philadelphia chromosome-positive acute.

lymphoblastic leukemia (ALL). The: objective was to provide patients with Phr CML in

accelerated phase (AP) or relapsed/ refractory Pht+ ALL with expanded access to STI571
- until the product was commercially available: There were 353 patients with telapsed/

refractory Ph+ALL enrolled in the study. Due to the nature of this study no primary efficacy

variables were to be analyzed. However; all data available from Ph+ ALL patients were
used to perform Kaplan-Meier estimates of the overall survival as well as ~o_f the time to
disease progression. Regarding safety all SAEs and AEs were reported, as received.

NDA 21588S 013
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However due to the expanded access these data should be interpreted with caution as AE -
reporting might have been incomplete. The estimated probability [95% CI] of being alive
with Ph+ALL was 44.2% [27, 62] at 12 months in patient < 55 years old and was 38.4%
[20, 56] in the older patient population (> 55 years old). The median survival was 8.9

- months with 95% CI =[7, NA] in patients > 55 years old and 11.4 months with 95% CI =[6,

NA] in patients < 55 years old. The estimated proportion [95% Cl] of patients without
progression was 11.9% [4, 20] at 12 months in patient < 55 years old and was 14.4% [5, 24]
in the population of older patients (> 55 years old). The median time to progression was 3.1
months with 95% CI = [3, 4] in patients > 55 years old and was similar in the younger
patient population. '

FDA Comment: There are only 45 adult relapsed/refractory Ph+ALL patients who
received the recommended Gleevec dose of 600 mg/day. (2 in study 03001 and 43 in
study 0109). The 353 patients in the expanded access program are not fully evaluable
Jor efficacy as study 0114 provides no information on response rate or duration. TTP

 data is likely unreliable since an evaluation schedule was not specified.

Uncontrolled trials of Gleevec in combination with chemotherapy in patients with

. relapsed/refractory Ph+ALL are summarized in Table 6.

/

NDA 21588S 013 17
Martin H. Cohen, M.D. -

- Gleevec® (imatinib mesylase; STI571)

=



Clinical and Statistical Review

Table 6: Relzipsed/.refractox_‘y Ph+ALL-Gleevec plus Chemotherapy

FDA Comment: Neither of these 2 studies isolate Gleevec‘eﬁ‘é.ct‘ See Secfibn 1 0.1_ fora

. summary of these trials.

{

Study Study ‘Study design Patients | Dose regimen Efficacy
objective; : 1 : endpoint
_ ‘population | '
AAU02/ efficacy/ Open-label, non- 24 Pre-phase: Hemato-
{1 CMLALLL | safety; randomized, imatinib: 600 mg | logical +
CML-BC or | phase II pilot daily . cytogenetic
| Ph+ ALL study; imatinib + | for 7 days response
' induction Induction therapy:
chemotherapy arm 1, arm 2, arm 3
Arm 1 { CML-MBC 3 idarubicin 12 mg/m2
ivdays 1-3 +°
cytarabine 200
mg/m?2 iv-days 1-7
+ imatinib 600 mg
days 1-7 :
Arm 2y CML-LBC 9 as arm 1 plus
or relapsed vincristine 2 mg iv
 Ph+ ALL dl,
ds, d1s, d22 +
prednisone 40
mg/m2 po d1-d28 +
imatintb 600 mg d1-
d7 , .
Arm 3 12 Protocol LALA 94
' AUSO1L De-novo | Phase Il study of | Total: 32 | hyper-CVAD Hemato- ;@
Ph+ ALL | imatinib | de-novo | regimen CTX logical, i
efficacy/ combined with Ph+ ALL: | 300mg/m2 on d1-d3; | cytogenetic
safety in | intensive hyper- | 21; vincristine 2mg d4 | + molecular
- Pht+ ALL | CVAD refractory | and d11; doxorubicin | response
chemotherapy in | Pht+ ALL: | 50 mg/m2 d4 and rates,
patients with 5; dexamethasone event free
Ph+ALL Ph+ALL | 40mg daily on d1-d4 | survival,
~inCR: 6 | anddll-d14 survival
' ‘imatinib 400 mg qd

'NDA 21588S_013 ' 18
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Sources of pediatric efficacy data are summarized in Table 7.

Table 7: Sources of pediatric éfﬁcacy data

Source Objective, Study design  Patients Dose Efficacy endpoint
' population _ regimen
- 03001 Efficacy/safety Phase [, dose ~Ph+ ALL: 4 125 t0 425  Anti-leukemic

' in pediatric escalating - CML-LBC: 1 . mg/m2 activity by decrease in
relapsed or pilot study peripheral
refractory WBC counts and
Ph+ALL or - percent Ph+ cells in
CML-LBC ' bone marrow

Champagne  Efficacy/safety Phase Istudy Ph+ ALL: 10 260 to 570 Morphologic ..

2004 - in pediatric in children : mg/m2 response, hematologic.
refractory or with Ph+ _ resporise, cytogenetic
recurrent Pht+  leukemia o response ‘

leukemias

FDA Comment: Study There were a total of 14 pediatric patients with relapsed/refractory
pediatric Ph+ALL. » ' . B

6.1.4.1 Efficacy Findings

Study 0109

Table 8 indicates 0109 study patient démographics, disease history and patient
characteristics at baseline. There were 43 patients who received Gleevec 600 mg daily and 5
who received Gleevec 400 mg daily. R '

i B
¥

p?
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LT,

Table 8: Demographics, disease history and patient characteristics at baseline

Characteristics ~ ALL,n=48
Age, yrs ' o _
Median (range) - 50(22-78) -
Sex, no. (%) o A
Male ' 24 (50)
Female 24°(50) 4 -
ECOG score, no. (%)
0-1 ' : 26 (54)
2 _ 19 (40)
3 1(2)
NA 2 (4)
Prior response, no. (%) b ' o
Relapsed after first remission . 19 (40)
Relapsed after 2 or more remissions 12 (25)
Refractory 17 (35)
" Prior BMT, no. (%) ‘ o 1@n
Diagnosis to study entry, mo _
Median : 8
Range 2-118
WBC (x 109/L) S
Median ' 10 .
Range : 0.2-195
Platelets (x 109/L) : :
Median | R R - )
Rangg 1-1715 4 'ﬁ% .
Table 9 presents individual patient data of the 43 subjects enrolled into trial 0109 who were
treated with Gleevec 600 mg/day and Table 10 provides response rate and resporise
duration data. R
NDA 215888 013 20 o S . \ }
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Clinical and Statistical Review

Table 10: FDA Response evaluation Gleevec 600 mg/day

Martin H. Cohen, M.D.

- Gleevec® (imatinib mesylase; STI571)

Country/ Best Firstday of  Lastdayof Response
Center/ Subject  response response response  duration
. (days)
DEU/003 0511 RTIC" 3/31/00 5/26/00 56
DEU/004 0512 NR - -
DEU/010 0509 NR
DEU/010 0512 ‘NR _
DEU/010 0514 CHR 3/27/00 6/27/02 822+
DEU/010 0515 NR
DEU/010 0516 NR
DEU/010 0517 CHR 4/20/00 4/20/00 1+
DEU/010 0518 RTC 4/28/00 5/26/00 28
.DEU/010 0519 RTC 4/27/00 4/27/00 T+
DEU/010 0520 RTC 5/2/00° 6/2/00 31
DEU/010 0521 NR - _
FRA/001 0503 NEL 4/3/00 5/2/00 29
FRA/001 0506 NR
" FRA/001 0507 CHR 6/8/00 7/6/00 .28
FRA/001 0508 RTC 5/15/00 6/13/00 29+
FRA/001 0509  NEL/CHR  6/14/00 8/8/00 55
-GBR/008 0511 NEL 2/28/00 4/3/00 35
. GBR/008:0515 NR
GBR/008 0519 NR' - _
GBR/008.0520  RTC/NEL . 5/8/00 7/13/00 * 66
GBR/008 0521 NR , :
GBR/009 0512 RTC - 3/20/00 5/15/00 56
GBR/009 0513 NA - ' '
ITA/006 0506  NEL/CHR 3/14/00 - 8/2/00 141
ITA/006 0507 CHR  4/17/00° 6/20/02 . 79_4_+
ITA/011 0504 NEL 3/16/00 4/17/00 32
USA/501 0522 NR
USA/501 0523 CHR  -3/29/00 3/29/00 1+
USA/501 0524 RTC 4/26/00 4/26/00 1+
USA/501 0525 NR
USA/501 0526 NR
USA/501 0527 NA
USA/502 0517 RTC . 3/13/00 4/10/00 28
USA/502 0520 RTC 3/20/00 4/21/00 32
USA/502 0521 NR
'USA/502 0522 RTC  6/7/00 7/21/00 - 44
USA/502 0523 NR o _
USA/502 0524 RTC 6/21/00 7/17/00 26+
NDA 21588S 013 23
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FDA Response evaluation continued ,

Country/ Best Firstday of  Lastday of Resporise
Center/ Subject response response response- . duration (days)
USA/505 0514 NR _ .
USA/506 0509 NEL ~ 2/14/00 _ 5/25/00 10t
USA/506 0510 - NEL/CHR 2/28/00 9/14/00 199
USA/506 0526 - NR '

CHR = complete hematologxc response; NA =- not assessable NEL = No evxdence of leukemia; NR = No

1 CSpOﬂSC

Table 11 summarizes confirmed hematologic response rates based on sponsor analysis and
Table 12 summarizes unconfirmed hematologic response rates based on sponsor analysis .

Table 11: ALL-Hematologic Response (confirmed) - per isponsor

Best confirmed

Initial  Hematologic response (confirmed) - N (%) 95 % CI
dose _ - ’ investigator ass.
400 mg Hematologic response _ 0 - 2(40.0%)
(N=5) Complete hematologic remission 0 0
No evidence of leukemia 0 0 .
Return to chronic phase/Partial response 0. 2 (40.0%)
No response ' 1 (20.0%) 3 (60.0%)
Progression 4 (80.0%) '
Death 0 » AR
600 mg Hematologic response: 7 10(23.3%) 11.8-38.6 13 (30.2%)
{ (N=43) Complete hematologic remission 3 (7.0%;~ 3 (7.0%)
: No evidence of leukemia , 0 5(11.6%)
Return to chronic phase/Partial response 7 (16.3%) 5(11.6%)
No response - 11 (25.6%) 26 (60.5%)
Progression 16 (37.2%)
Death 2 (4.7%)

a &
A
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Table 12: Hematologic Response (unconfirmed) - per sponsor

Initial ~ Hematologic response (unconfirmed) N (%) 95% CI  Investigator ass
| dose : .

400 mg Hematologic response 4(80.0%)  28.4-99.5 -4(80.0%)

(N=5) Complete hematologic remission - 0 : 0
No evidence of leukemia 0 2 (40.0%)
Return to chronic phase/Partial response 4 (80.0%) 2 (40.0%)
No response 1(20.0%) 1 (20.0%)
Not assessable -0 0
Progression - ’ 0
Death ’ : 0

600 mg Hematologic response ' 24 (55.8%) 39.9-70.9 32(74.4%)

(N=43)  Complete hematologic remission , 8 (18.6%) 11(25.6%)
No evidence of leukemia o 3 (7.0%) 11 (25.6%)
Return to chronic phase/Partial response 13 (30.2%) - 10 (23.3%)
No response : . 12(27.9%) 10 (23.3%)
Not assessable L 1(2.3%) 1(2.3%)
Progression : 6 (14.0%)
Death . ' . 0

Duration of hematologic response is summarized in Table 13.

Table 13: ALL-Duration and Time to Confirmed Hematologic Response

“Initial - ‘ - N - N °  Median 95%CI 25th-75th
dose : : ' Censored  Months Percentile
s
600 mg  Time to overall hematologic response A 10 - 0o 0.99 1.0-1.1. 1.0-1.1
| (N=43) _ . : E— .
) Duration of overall hematologic response 10 3 342 2266 2.2-66

14.
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Table 14: Major Cytogenetic response

1 Country/ Best
Center/ Subject response |
DEU/010 0514 CCyR (c)
DEU/010-0516 CCyR
FRA/001 0503 CCyR
FRA/001 0507 CCyR (c)
'FRA/001 0508 CCyR (c)
FRA/001 0509 PCyR (c)
GBR/008 0511 CCyR (c)
GBR/00S 0515 PCyR
GBR/008 0520 CCyR
ITA/006 0506 PCyR (c)
USA/502 0520 PCyR
USA/502 0522 - PCyR
USA/502 0524 PCyR (c)
USA/505 0514 CCyR (c)
USA/506 0509 CCyR (c)

(c)= confirmed -

Duration and time to a MCyR is listed in Table 15.
Table 15: Duration and Tlme To Cytogenetlc Response

Initial N N Median 95%Cl 25th-75th
dose Censored " months Percentiles |..
600mg  Time to MCyR , {5 0 1.08 1.0-18 - 1.0-1.9
(N=43)  Duration of MCyR T 2. 233 1.5-46 1546
Time to CCyR "9 0 0.95 1020 1.0-2.0
Duration of CCyR -9 2 7220 . 1084  1.6-84

* Changes in ECOG performance stafus at baseline and aftér 3 and 6 months on study are
summarized in Table 16. At the 400 mg/day Gleevec dose early progression was noted
This was less evident at the 600 mg/day dose.

NDA 21588S_013
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Table 16: Performance status at baseline, 3 and 6 months

Treatment ECOG Baseline 3 Months 6 Months
group ‘Score (N=48) (N=48) (N=48)
400 mg Grade 0 0 1 (20.0%) 0 :
Grade 1 4 (80.0%) 0 1 (20.0%)
Grade 2 1 (20.0%) 0 0
Grade 3 0 0 0
Grade 4 0 0 ) 0
Progression 0 4(80.0%) | 4(80.0%)
Death 0 0 0
Missing 0 0 0
Total 5 (100%) 5 ( 100%) 5 (-100%)
600 mg Grade 0 - 7 (16.3%) 7 (16.3%) 4 (9.3%)
’ Grade | 15 (34.9%) 5(1.6%) | 5(11.6%)
Grade 2 18 (41.9%) 0 1(2.3%)
Grade 3 1 (2.3%) 0 -0
Grade 4 0 -0 -0
Progression 0 21 (48.8%) 30 (69.8%)
Death 0 2 (4.7%) 2 (4.7%)
Missing 2 (4.7%) 8 (18.6%) 1(2.3%)
Total 43 (100%) 43 (100%) | 43 ( 100%)

6.1.5 Clinical Microbiology

- Not applicable

T

6.1.6 Efficacy Conclusions

Gleevec treatment induced both hematologic and cytogenetic responses in this patient
population of _relapsed/r’efra_ctory adult Ph+ ALL patients. For the 7 Ph+ ALL/LBC

* (lymphoid blast crisis) patients in the phase 1 study (03001) who received Gleevec doses of -

W

600 mg/day or higher 3 had a complete hematologic response. (CHR). For the 43 patients
with Ph+ ALL treated with Gleevec 600 mg/day in the phase 2 study (0109) there were 3
confirmed CHR’s (7%), 0 NEL (0%) and 7 RTC/PR’s (16%) in the sponsor analysis. In the

- sponsor analysis of unconfirmed hematologic responses there were 8§ CHR’s (19%), 3 -

NEL’s (7%) and 13 RTC/PR’s (30%). In the FDA analysis that included both confirmed and
unconfirmed responses there were 8 CHR’s (19%), 5 NEL’s (12%) and 11 RTC’s (26%).

Major cytogenetic responses (complete or partial; confirmed or unconfirmed) were seenin
15 (30.4%) of 43 ALL phase 2 patients who received Gleevec 600 mg/day. Of the 15
patients with MCyR, 9 (60%) achieved CCyR (6 confirmed) and 6 (40%) had a PCyR (3
confirmed). o ’ ' : ’ o
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‘The median time to-progression in study 0109 was 2.6 months (95% CI1.9,3.0). In the
expanded access study 0114 the median TTP was 3.1 months (95% CI 3.0, 4.0).

Gleevec was generally well tolerated. The most frequently reported non-hematological AEs
included nausea, vomiting, pyrexia and peripheral edema. In the population of older patients
(> 55 years) the efficacy and safety results were comparable to those obtained in the
younger population (< 55 years old). '

Hematologic and cytogenetic response rates and duratrons were comparable in patrents less
than or greater than 55 years of age.

7.0 INTEGRATED REVIEW OF SAFETY
7.1 Methods And Findings .

Safety assessments consist of evaluating adverse events and serious adverse events,
laboratory parameters including hematology, chemistry, vital sigris, physical examinations,
and documentation of all concomitant medications and/or therapies.

Information about all adverse events, whether volunteered by the patient, discovered by
investigator questioning, or detected through physical examination, laboratory test or other
means, were collected and recorded on the Adverse Event Case Report Form and followed
as appropriate. '

Medical conditions/diseases present before starting study treatment are only considered

~adverse events if they worsened after starting study treatment. Clinical events.occurring
before starting study treatment but after signing the informed consent form were recorded
on the Medical History/Current Medical Conditions Case Report Form only if the patient
received study treatment. Abnormal laboratory values or test results constituted adverse
events only if they induced clinical signs or symptoms or required therapy, when they were
recorded on the Adverse Events Cass: Report Form under-the signs, symptoms or. dlagnosrs
associated with them. .

As far aspossible, each adverse event is also be descrrbed by its duration (start and end
dates), The NCI/NIH Common Toxicity Criteria version 2.0 severrty grades 1 — 4, its
relatronshrp to the study drug (suspected/not suspected), and the action(s) taken

Any Adverse Event occurring after the study comple’non and wrthrn four weeks of last drug
intake was: recorded on the Adverse Event CRF { page. :

Information about all serious 'adver'se events was collected and recorded on the Serious
Adverse Event Report Form. To ensure patient safety each serious adverse event must also
had to be reported to Novartis within 24-hours of learning of its occurrence. A serious

~ adverse event is defined in general as an untoward (unfavorable) event which:

NDA 21588S_013 28
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. is fatal or life-threatening,

. required or prolonged hosprtahzatron

. was significantly or permanently disabling or mcapacrtatmg,

. constitutes a congenital anomaly or a birth defect,

. may jeopardize the patient and may require medrcal or surgical intervention to prevent
one of the outcomes listed above.

Any pregnancy or fathéring the child during the study W111 be consrdered as an SAE for the
purpose of study reportmg

N B W N -

Events not considered serious are hespitalizations occurring under the following
circumstances: planned before entry into the clinical study; for elective treatment of a
preexisting hospitalization (unless fulfilling the criteria above); routine treatment or

‘monitoring of the study indication and not associated with any deterioratio‘n in condition.

Any SAE occurring within four weeks after completion of the study has to be reported and -
recorded. In addition any pregnancy within 84 days (12 weeks, 3 months) after the last
STI571 intake has to be reported and recorded as an SAE.

The institution performed laboratory analyses according to the Visit Schedules.

At any time during the study, abnormal laboratory parameters which are clinically relevant
(e.g. require dose modification and/or interruption of study drug, lead to clinical symptoms
or signs or require therapeutic intervention), whether specifically requested in the protocol
or not, must be recorded on the appropriate comment CRF page in addition to-the
appropriate laboratory CRF page. When abnormal laboratory values or test results constitute
an adverse event (i.e., induces clinical signs/symptoms or requrres therapy) they must be -
recorded on the Adverse Events CRF.

- Changes in Gleevec dose or dose interruption in patients with R/R Ph+ ALL (N=48) and

-

lymphoid blast crisis CML (N=8) are summarized in Table 17.
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Table 17: Dose Change or Dose Interruption ‘ “%
400 mg/d 600 mg/d All doses A
. . N=10 N=46 N=56
No. of patients without change of initial dose 2 (20.0) 24 (52.2) 26 (46.4) |
No. of patients with change of initial dose 8 (80.0) 122 (47.8) 30 (53.6)
Change of initial dose _— _
Interruption (>5 days) - - T 1(10.0) 0 E 1(1.8) |
Reduction ' 0 7(15.2) 7(12.5)
Escalation ' - 4(40.0)  7(152) C11(19.6)
'Reduction/escalation _ v 3(30.0)  2@4.3) 5(8.9)
Interruption/reduction 0 5(09) 5(8.9)
| Interruption/reduction/escalation - S0 122) 1(1.8)
Reason for dose change _ ' | _ _
Adverse évent or lab abnormality : 1 (10.0) - 8(17.9 9(16.1)
Lack of efficacy - 4(40.0) - 7(152) 11 (19.6)
AE/lab abnormality/lack of efficacy 3(300) @ 2@43) . 5(8.9)
Other _ , N 0 , 5(10.9) - 5089

The adverse reactions were 31m11ar for Ph+ ALL as for CML. The most frequently reported
drug- -related adverse events reported in the Ph+ ALL studies were mild nausea, vomiting,
diarrhea, myalgia, muscle cramps and rash, which were easily manageable Superficial
edemas were a common finding in all studies and were described primarily as periorbital or
lower limb edemas. However, thése edemas were rarely severe and may be managed with

diuretics, other supportive measures, or in some patients by" reducing the dose of Gleevec
(Table 18).

When imatinib was combined with high-dose chemotherapy in patients with Ph+ ALL,
transient liver toxicity in the form of transaminase elevation and hyperblhrubmaemla were
observed.

e

ik,
e
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Table 18: AE’s in _PH+ ALL Patients (Study 0109)

Grades 3 or 4

Hema_tologic Toxicity

5(13.2)

All grades _
Allages <S5yrs >=55yrs Allages <55yrs ~ >=55yrs
N=56 N=38 N=18 N=56 - N=38 N=18
Adverse event n (%) n (%) n (%) n (%) n (%) n (%)
Total* 56 (100) 38(100) 18 (100) 41 29(76.3) - 12(66.7)
L ' (73.2) .
Nausea 45(80.4) 31 (81.6) 14(77.8) 2(3.6) 0 2(11.1)
"Vomiting 37(66.1) 27(71.1) 10(55.6) 3(5.4) 0 367y |
Pyrexia 22(393) 14(36.8) 8(444) 4(1.1). 3(79 1(5.6)
Edema peripheral 21 (37.5). 12(31.6) 9(50.0) 2(3.6) 2(5.3) 0
Headache ’ 18(32.1) 11(28.9) 7(389) = 2(3.6) 1(2.6). 1 (5.6)
Fatigue "17(30.4) 10(263) 7(89) - -0 0 0
Periorbital edema 15(26.8) 10(26.3)- 5(27.8) 1(1.8) 1 (2.6) 0
Muscle cramp - 14(25.0) 10(263) 4(222) 1(1.8) 1(2.6) 0~
Arthralgia 13(23.2) 8L 5(27.8) 0 0 0
Cough 13(23.2) 9(23.7). 422 0 0 0
Abdominal pam upper 12(21.4) 7(184) 5(27.8) 0 0 -0
Diarrhea 12(21.4) 7(184) 5(278) 1(1.8) 1 (2.6) -0
Constipation 11(19.6) 7(18.4) - 4(22.2) 0o 0 0
Neoplasm mahgnant C 11 (19.6)  5(132) C 6(33.3) 7(12.5) 5(13.2) "2 (1L.1)
Pain in extremity 11 (19.6) 9(23.7) 2(iL.1) 1(L.8) 0 1(5.6)
Asthenia 10(17.9)  7(184)  3(16.7) 0 0 0
Bone pain 10(179) 7(184) 3(167) 1(1.8) 1(2.6) . 0
Dyspnea 8(14.3) 6(15.8) 2011y 4.1 3(79)  1(5.6)
Hypokalemia 8(143) 5(132) 3(16.7) 0 0 S0
Night sweats 8 (14.3)' 6(15.8) 2(11.1) 1(1.8) 1(2.6) 0
Abdominal pain 7(12.5) 5(132) 2(1LD) 0 0 -0
Anorexia 7(123) 4(105) 3(16.7) ° 1(1.8) 1(2.6) -0
Dizziness ' 7(12.5)  5(132) 2(1L1). 0 o 0
Nasopharyngitis . 7(125) 5(132) 2Q1L1) 0 0 0
Abdominal discomfort 6(10.7) - 2(5.3) 4222) - 0 0 0
Back pain. 6(10.7) . 2(53) 4(222) 1(1.8) 0 1(5.6)
Hematoma - 6(10.7) 2(53) . 4(222) 0 0 0
Insomnia 6(10.7) 3(7.9) ~ 3(6.7) 0 0 0
Myalgia 6 (10.7) 1 (5.6) 1(1.8) 0 1(5.6)

Cytopemas particularly neutropenia and thrombocytopenia, were a consxstent ﬁndmg in all
Gleevec studies, with a hlgher frequency at doses 2750mg/day (Phase 1 study)
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Cytopenias can usually be managed with either a reduction of the dose or an interruption of ‘\ﬁ
treatment with Gleevec, but in rare cases require permanent discontinuation of treatment. - ;

-Hepatotoxicity

Severe elevation of transaminases or bilirubin occurred in 3%-6% of treated patients and
were usually managed with dose reduction or interruption (the median duration of these
episodes was approximately-1 week). Treatment was discontinued permanently because of

liver laboratory abnormalities in less than 0.5% of CML patients. Howeveér, one patient,
who was taking acetaminophen regularly for fever, died of acute liver failure. In the GIST
trial, grade 3 or 4 SGPT (ALT) elevations were observed in 6.8% of patients and grade 3 or
4 SGOT (AST) elevations were observed in4.8% of patients. Bilirubin elevation was
observed in 2.7% of patients. :

When imatinib was combined with high dose chemotherapy regimens in patients with Ph+
ALL, transient liver toxicity in the form of transaminase elevation and hyperbilirubinaemia
were observed. Monitoring of liver function should be considered in circumstances where
imatinib is combmed with chemotherapy reglmens also known to be associated with hepatic
dysfunction.

Adverse Reactions in Pediatric Population

The overall safety profile of pediatric patients treated with Gleevec in 39 children studied

was similar to that found in studies with adult patients, except that musculoskeletal pain was

less frequent (20.5%) and peripheral edema was not reported.

Adverse Effects in Other Subpopulatmns ‘

In older patients (=65 years old), with the exception of edema, where it was more frequent ‘?4 ;
‘there was no evidence of an increase in the incidence or severity of other adverse events. In
women there was an increase in the frequency of neutropenia, as well as Grade 1/2

superficial edema, headache, nausea, rigors, vomiting, rash, and fatigue. No differences

were seen related to race but the subsets were too small for proper evaluation.

B

~ Additional Data From Muitiple Clinical Trials

The following less common (estimated 1%-10%), infrequent (estimated 0.1%-1%), and rare

(estimated less than 0.1%) adverse events have been reported during clinical trials of

Gleevec. These events are included based on clinical relevance.

Cardiovascular: Infrequent: cardiac failure, tachycardla, hypertension; hypotensmn

flushing, peripheral coldness

Rare: pericarditis
~ Clinical Laboratory Tests: Infrequent: blood CPK increased, blood LDH increased
‘Dermatologic: Less common: dry skin, alopecia

Infrequent: exfoliative dermatitis, bullous eruption, nall dlsorder skm plgmentatlon

changes, photosensitivity reaction, purpura, psoriasis

Rare: vesicular rash, Stevens-Johnson syndrome, acute generalized exanthematous

pustulosis, acute febrile neutrophilic dermatosis (Sweet’s syndrome) :
.NDA 21588S 013 .32 : : }
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‘Digestive: Less common: abdominal distention, gastroesophageal reflux, mouth ulceration
Infrequent: gastric ulcer, gastroenteritis, gastritis

Rare: colitis, ileus/intestinal obstruction, pancreatitis, diverticulitis, tumor
hemorrhage/tumor necrosis, gastrointestinal perforation

~ General Disorders and Administration Site Conditions: Rare: tumor necrosis -
Hematologic: Infrequent: pancytOpema

Rare: aplastic anemia

Hepatobiliary: Uncommon: hepatitis

Rare: hepatic failure

Hypersensitivity: Rare: angioedema

Infections: Infrequent: sepsis, herpes simplex, herpes zoster

Metabolic and Nutritional: Infrequent: hypophosphatemia, dehydratlon gout, appetite
disturbances, weight decreased

Rare: hyperkalemia, hyponatremia

Musculoskeletal: Less common: Jjoint swelling

Infrequent: sciatica, joirt and muscle stiffness -

Rare: avascular necrosis/hip osteoriecrosis

Nervous System/Psychiatric: Less common: paresthesia

Infrequent: depression, anxiety, syncope, peripheral neuropathy, somnolence, migraine, -
memory 1mpa1rment

Rare: increased intracranial pressure, cerebral edema (mcludmg fatalities), ‘confusion,
convulsions

Renal: Infrequent: renal failure, urinary frequency, hematuria

Reproductive: Infrequent: breast enlargement, menorrhagia, sexual dysfunction
Respiratory: Rare: interstitial pneumonitis, pulmonary fibrosis

Special Senses: Less common: conjunctivitis, vision blurred.

Infrequent: conjunctival hemorrhage, dry eye, vertigo, tinnitus

Rare: macular edema, papilledema, retinal hemorrhage, glaucoma, vitreous hemorrhage
Vascular Disorders: Rare: thromb051s/emb0hsm

7.141 Deaths

ES - &

Table 19 indicates deaths on study or within 28 days of completion. All patients dled of
progression or comphcatrons related of the underlying disease.

Table 19: Deaths- Study 0109

400mg 600 mg Alldoses |
' v N=10-  N=46 . N=56
| Déaths : n (%) n(%). = n(%)
Total number of deaths - ' ’ - - 10(100) 42 (91) 52 (93)
Deaths during study - . o 1(100) - 3(6.5) 0 4(7.1)
Deaths within 28 days of last dose of study drug - 2(20.0) 11(239) 13(23.2)

Deaths after 28 days of last dose of study drug 7(70.0) 28 (61) 35 (62.5)
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7.1.2 Other Serious Adverse Events

None

7.1.3 Dropouts and Other Significant Adverse Events

Two patients discontinued therapy; Patient 101/182 had grade 2 increased AST/ALT on day
184. Patient 501/115 had grade 2 Nausea/V omltmg on day 2. -

'7.1.4 Other Search Strategies
None
7.1.5 Common Adverse Events
See Table 18
7.1.6 Laboratory Findings
See Table
747 Vital Signs |
No special analysis of vital signs we;e cond’u_cted in the trials presented in this report.

7.1.8 Electrocardiograms (ECGs)

" No ECGs were performed for study 0109. _ s AN

7.1.9 Immunogenicity
There is no new relevant informa_tion; '
7.1.10 Human Carcinqgeriicify
There is no new relevant information.”
7.1.11 Special Safety Studies
There is no new relevant inform‘at‘iovn{
7.1.12 Withdrawal Phenomena and/or Abuse Potential
Gleevec has no known 'potential for abuse..
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7.1.13 Human Reproduction and Pregnancy Data

Because of the potential risks to the human fetus, women of child-bearing potential were
advised to avoid becoming pregnant and to use effective contraception during treatment. As
of 31-Dec-2003, a total of 21 pregnancies had been reported among women participating in
clinical trials who had received imatinib for 5- 65 weeks. The pregnancies were detected at
5- 22 weeks of gestation. The patients included 20 women with chronic phase CML (16 of
whom had received imatinib 400 mg and one who had received 600 mg), and one patient in
blast crisis who received imatinib 600 mg. Outcomes were available for all 21 pregnancies;
10 underwent therapeutic abortions, four had spontaneous abortions (including one at 18
weeks gestation) and seven proceeded to term following discontinuation of imatinib. There

- was one delivery at 35 weeks. Among the infants, 6 were normal (including the offspring of

the patient in blast crisis who had received imatinib for 30 weeks), and one had
hypospadias. Imatinib is not genotoxic though reduced spermatogenesis was noted in animal
studies, possibly due to inhibition of c-kit in testicular tissues: Therefore, the sperm of male
patients taking imatinib should be genotypically normal, though low sperm counts are a
possibility. Fifteen pregnancies have been reported in partners of male CML patients taking
imatinib. Therefore, the issue of low sperm counts may not be clinically relevant though it
requires further study. Among these 15 male patients, 11 were in chronic phase CML (all
received imatinib 400 mg), 4 had accelerated CML (all received imatinib 600 mg).
Outcomes were available for 14 of the pregnancies; 10 pregnancies proceeded to term with
delivery of normal infants (1 of which had respiratory distress syndrome), one pregnancy is
ongoing as of 31- Dec-2003, there were 2 therapeutic abortions on social grounds, and 1

~ death in utero at 14 weeks followed by an induced abortion.

7.1.15 Assessment of Effect on Growth

‘No data was reported.

7.1.16 Overdose Experience

Experience with doses gfeater than 800 mg is limited. Isolated cases of Gleevec overdose

‘have been reported: In these instances the highest dose ingested was 1600 mg/day for

several days. A patient with-myeloid blast crisis inadvertently took Gleevec 1200 mg for 6
days and experienced Grade 1 elevations of serum creatinine, Grade 2 ascites and elevated
liver transaminase levels, and Grade 3 elevations of bilirubin. Therapy was temporarily
interrupted and there was complete reversal of all abnormalities within one week. Treatment
was resumed at a dose of 400 mg without recurrence of problems. Another patient

~developed severe muscle cramps after taking 1,600 mg of Gleevec daily for six days.

* Complete resolution of muscle cramps occurred following interruption of therapy and

treatment was subsequently resumed. Another patient took 400 mg three times a day (1,200

- mg) for two days. Therapy was interrupted, no adverse events occurred and the patient

',,//‘3—

resumed therapy.
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7.1.17 Postmarketing Experience

. The Post marketing experience with Gleevec has been reviewed on an ongoing basis in the
. following PSUR and the US Periodic Reports respectively: »

e PSUR ! covering the period 10 May 2001-30 November 2001 -

e PSUR 2 covering the period 01 Dec 2001-31 May 2002

» PSUR 3 covering the period 01 June 2002- 30 Nov 2002

e PSUR 4 covering the period 01 Dec 2002 - 10 May 2004

e PSUR 5 covering the period 11 May 2003 — 10 may 2004

e PSUR 7 covering the period 11 May 2005 - 10 May 2006

¢ USPR Capsule formulation covering the period 10 Nov 2002 — 9 Feb. 2004

e USPR Tablet formulation covering the period 18 July 200314 May 2004

The Core Data Sheet (CDS) in effect at the beginning of the launch period is the Basic
Prescribing Information (BPI) dated 27 February 2001 amended on 23 October 2001, 26
June 2002 and 19 February 2003 (Hard Gelatin Capsule) and dated 19 November 2002
amended 19 February 2003 (Film Coated Tablets), which is used as reference for the
prescribing information in all countries where the pfoduct is marketed.

The Basic Prescribing Information (BPI/CDS) and the US Package Insert (USPI) have been
updated to reflect the results discussed in these PSURs and USPRs. The most recent version
of the BPI dated February 2003 reflects the safety aspects of the drug except that in the last
PSUR, number 5, issued on 6 July 2004, the event of “Sweet’s Syndrome” was proposed for
inclusion to the BPL

In PSUR version 4 the following events were identified as requiring close momtormg ’g% L

myocardral infarction, angina pectoris, cardiomegaly/cardiomyopathy thrombo- cythemia
disseminated intravascular coagulation hemolytic anemia glucose metabolism disorders),
deafness/ hypoacusia Raynaud’s phenomenon/intermittent claudication /ischemic episodes.
Parkinson’s disease Sweet’s syndrome and rhabdomyolysis. Furthermore, the following
events were monitored at the request of the CPMP: Thrombosis /fembolism), splenic rupture) _
and myopathy / myositis). Momtormg of cases of inflammatory bowel disease, worsening of
ulcerative colitis and Crohn’s disease), intestinal ulcer, splenic nécrosis), suicide attempt),
nephrolithiasis/renal colic, scleroderma, hepatrc necrosrs/crrrhosrs arthritis and pulmonary
»hypertensron

Based upon cumulative reviews in PSUR version 5 it was recommended to continue to
monitor the following events: Myocardial infarction, angina pectoris, :
cardiomegaly/cardiomyopathy, thrombocythemia, disseminated intravascular coagulatron
Raynaud’s phenomenon/intermittent claudication /ischemic episodes, Parkinson’s disease,
rhabdomyolysis, hemolytic anemia, glucose metabolism disorders, deafness/hypoacusia,
nephrolithiasis, myopathy/myositis, arthritis, inflammatory bowel disease, worsening of
ulcerative colitis and Crohn’s disease, intestinal ulcer, splenic necrosis, suicide attempt,
splenic rupture, renal colic, scleroderma, hepatic necrosis/cirrhosis and pulmonary
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hypertensxon will continue to be monitored. Sweet’s syndrome was considered for mclusron
in the Core Data Sheet.

In PSUR 7 and in a recent literature report congestive heart failure and left ventricular
dysfunction associated with Gleevec treatment were updated. A recent article published
online in Nature Medicine (Kerkela R, Grazette L, Yacobi R et al. Cardiotoxicity of the
cancer therapeutic agent imatinib mesylate. Nature Medicine; advance online publication

- July 23rd. 2006) reported 10 Gleevec treated patients who developed severe congestive heart

failure and left ventricular dysfunctron Supplemental data available on the Nature
Medicine website show that prior to Gleevec treatment all 10 patients had New York Heart

- functional class 1 and normal left ventricular ejection fractions. Some of these patients had

pre-existing conditions including hypertension, diabetes and coronary artery disease. In an
abstract published in the Journal of Cardiac Failure (Iliescu C, Wamique Yusuf'S, Auerbach

L, et al. Impact of angiotensin converting enzyme inhibitors & carvedilol on recovery of

- cardiac function in imatinib associated cardiomyopathy. Journal of Cardiac Failure 2005 40

Ay

No. 6 Suppl. Abstract 054. 9th Annual Scientific Meeting of the Heart Failure Society of
America, Sept 18-21st 2005) the authors stated that treatment with angiotensin converting
enzyme inhibitors (ACE-I) and carvedilol resulted in significant improvements in left
ventricular ejection fraction (LVEF) and New York Heart Association (NYHA) Class.
Three of these patients, when re-challenged, were reported to have no further diminution of
cardiac functron

The Nature Medicine article also reports on prechmcal studies showing that Gleevet treated
mice develop left ventricular contractile dysfunction. Gleevec also induces cell death in -
isolated cardiomyocytes. The authors hypothesize that de\relopment of cardiac dysfunction
is related to inhibition of the Abl receptor and may be a possibility with any drug that targets
the Abl receptor.

a»g%'.jé’-ﬁ‘r' ‘

A thorough review of the sponsor’s safety database yielded 148 spontaneous cases of
cardiac events. The median age was 65 years. Of 117 patients with sufficient clinical
information for analysis approximately 50% had a history of‘cardiovascular disease before

the onset of Gleevec treatment (mostly hypertension and ischemic heart disease), 40% were

on cardiac medications and 8.5% experrenced worsemng of’ preexrstlng heart disease.

Thus heart failure is a recognized, potentially severe, but uncommon comphcatron of
Gleevec therapy Current information does not support routine screening and momtormg of
cardiac function in patients taking Gleevec. Any patients with known cardiac disease or risk

- factors for cardiac failure should be monitored carefully, and any patient with symptoms

consistent with cardiac fallure should be aggressrvely evaluated and treated.

7.2.Adequacy of Patient Exposure And Safety Ass‘essmen_ts
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7.2.1 Description of Primary Clinical Data Sources (Populations Exposed and
Extent of Exposure) Used to Evaluate Safety :

The duration of exposure of s,tudy 0109 patients is described in Table 20. This duration of
exposure is likely that which would be expected in an advanced relapsed/refractory ALL

patient population.

Table 20: Duration of exposure (study 0109)

600 mg/d _All doses

400 mg/d
, N=10 "N=46 N=56

Duration of exposure (days) ’
n 10 46 ' 56| -
mean 82.6 1432 132314
sd. 72.44 24437 224.20
median _ 510 . 63.0 620
25-75th percentiles 46-71 36-126 41-119 |
minimum -maximum 32-264 14-1356 14-1356 |
Duration of exposure v o
<3 months T 3(80.0) 30(652)  38(67.9)
>= 3 months - < 6 months 1 (10.0) 8(17.4) 9(16.1)
>=6 months - < [2 months 1(10.0) 5(10.9) 6 (10.7)
>="12 months - <24 months " 0 12:2) . 1(1.8)
>=724 months - <36 months 0 122y - 1(1.8)

| >= 36 months _ _ 0 1 (2.2) S 1.8) |

7.2.2 Description of Secondary Cl-i.nical Data Sources Used to Evaluate Safety

Prior Gleevec reviews of CML chronic phase, accelerated phase and blast crisis and of
GIST. - S e |

723 _Adequac.y of Overall Clinical ‘Experiehc'e

AE’s associated with Gleevec treatment have bee.n'well described.

' 724 Adequacy of Special Animal and/or In Vitro Testing

No new information was provided. Ani_rhal and/or In-Vitro Testing was adequate based on

_previous submissions.

7.2.5 Adequacy of Routine Clinical Testing -

Adeciuate
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7.2.6 Adequacy of Metabolic. Clearance. and Interaction Workup

Adeduate

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

Evaluation for potential adverse events was adequate. No new ' recommendations for
further study. .

' 7.2.8 Assessment of Quality and Completeness of Data

- Data was of high quality and was complete.

7.2.9 Additional Submi_ésions. Including Safety Update

All relevant information was submitted.

7.3 Summary Of Selected Drug— Related Adverse Events.
Important Limitations Of Data. And Conclusions

In phase II trials in CML, the majority of patients experienced drug-related adverse events
(AEs) at some time, but most were mild to-moderate in severity. Discontinuation for drug
related AEs occurréd in 2%, of patients in chronic phase CML. Skin rash and elevated
transaminases were the most common reason for drug discontinuation (each in <1% of
patients). The most frequently reported AEs were mild nausea, vomiting, diarthea,
superficial edema (primarily periorbital or lower limb), myalgia and muscle cramps. Grade
3/4 events occurring in <4% of patients included fluid retention (pleural or pericardial
effusions, ascites, pulmonary edema), skin rash, liver toxicity and gastrointestinal
hemorrhage. Myelosuppression was a consistent: finding across studies. Grade 3/4

neutropenia and thfombocytopenia ‘were more frequent in CML patients in accelerated phase

or blast crisis patients than in chronic phase. In a randomized Phase III study in 1106 newl'y
diagnosed CML patients, Gleevec 400 mg daily was associated with grade 3/4 neutropenia

12% of patients and grade 3/4 thrombocytopenia in 7% of patients. The long-term follow-up

(>2 years of exposure) has not significantly modified the safety profile of Gleevec. The

- proportion of patients discontinuing treatment for adverse events hasincreased only
- modestly (in newly diagnosed patients, this percentage iricreased from 2% to 3.1% with an

additional 18 months of follow-up).

The currently reported AE’S in patients with Ph+ ALL are similar to the above known
Gleevec adverse effects. ' "
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7.4 General Methodology - B ”}

7.4.1 Pooling Data Across Studies to Estimate and Compare Incidence

Separate safety data has been provided for each Gleevec indication. Because of different
Gleevec doses for solid tumors and hematologic malignancies, because of the relatively
small number of Ph+ ALL patients studied and because of the large amount of safety data
already available it was not felt to be worthwhile to pool safety data. .

742 Explorations for Predictive Factors

Predictive factors including dose dependency, time dependency, drug-demographic
interactions, and drug-disease interactions were not explored in the current study.

7.4.3 Causality Determination

" AE's occurring with Gleevec treatment.vlikely represent.the effect of the drug in the ,
population of patients with MDS/MPD. :

8.0 ADDITIONAL CLINICAL ISSUES

8.1 Dosmg Regimen and Administration

In the phase I trial 03 001, doses of 400 mg to 800 mg were consuiered as safe and effective
and were recommended for the subsequent phase Il and phase III trials. The recommended
doses of 600 mg for patients with Ph+ ALL has been based on the findings of the initial
phase I trial 03 001, subsequently confirmed by the phase II trial 0109. ‘ L

8.2 Drungrug Interaction‘s

Gleevec is a substrate for CYP3 A4 indicating a potentlal for decreased plasma levels when
administered concomitantly with inducers of this enzyme class. A loss of therapeutic
efficacy can be anticipated when Gleevec is admlmstered together with inducers of this
enzyme class.

8.3 Special Populations

No new information is available.

8.4 Pediatrics |

No information is available.
8.5 Advisory Committee Meeting

An ODAC meeting to discuss this application is not planned.
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8.6 Literature Review :

Thomas DA, Fardel S, Cortes J et al. Treatment of Philadelphia chromosome-positive acute
lymphocytic leukemia with hyper-CVAD and imatinib mesylate. Blood 103 (12): 4396-
4407 ' :

Thomas DA et al. Update of the hyper-CVAD and the imatinib rheSylate regimen in
Philadelphia-positive acute lymphoblastic leukemia (ALL). ASH Annual meeting 2004; 104

- (L1): abstract 2738.

‘Lickliter J, Arthur C, D'Rosario J (2004) Phase II Pilot .Study of Imatinib Mesylate
- Combined with Induction Chemotherapy in Blast CML and Ph+ ALL. ASH Annual meeting
2004; 104 (11): abstract 4682.

Lickliter J et al. (2005) Phase II Pilot Study of Imatinib Mesylate Combined with Induction
Chemotherapy in Philadelphia chromosome-positive acute leukemias. Manuscript submitted

8.7 Postmarketing Risk Management Plan

Based upon cumulative reviews in the most recent PSUR version 5 it was recommended to
continue to monitor the following events: Myocardial infarction, angina pectoris,

cardiomegaly/cardiomyopathy, thrombocythemia, disseminated intravascular coagulation,
Raynaud’s phenomenon/intermittent claudication /ischemic episodes, Parkinson’s disease,

- thabdomyolysis, hemolytic anemia, glucose metabolism disorders, deafness/hypoacusia,

nephrolithiasis, myopathy/myositis, arthritis, inflammatory bowel disease, worsening of -
ulcerative colitis and Crohn’s disease, intestinal ulcer, splenic necrosis, suicide attempt,
splenic rupture, renal colic, scleroderma, hepatic hecrosis/cirrhosis and pulmonary
hypertension will continue to be monitored. Sweet’s syndrome was considered for inclusion

" in the Core Data Sheet.

8.8 Other Relevant Materials

No new information is available., *

9.0 OVERALL ASSESSMENT

- 9.1 . Conclusions

-~

The reviewer concurs with the sponsor's assessment of efficacy and safety of Gleevec
monotherapy for the treatment of adult patients with relapscd or refractory Pht ALL. .
patients. . AR ’ .

The sponsor’s conclusions were: " ' h@‘

- An initial dose of 400 mg is not effective

. Treatment with an initial dose of 600 mg'déily
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produced sustained hematologic responses in 12 (26.1%) patients. Four (33%) of them x}
~achieved sustained CHR. ' ;
« The median time to hematologic response was 1 month in the whole patient population.
However, as a single agent the median duration of hematologic response was short at 3.42
months in the whole population and 4.67 months in older patients ( > 55 years old).
* Confirmed major cytogenetic responses were seen in 12 (26.1%) patients treated thh 600
" mg . Seven (58%) of them achieved a complete cytogenetic response .
* The median time to progression in patiénts started with 600 mg was 2.56 months and 2.79
- months in older patients. Median survival was 4.99 months in the whole population
compared to 7.43 months in older patients (> 55 years old).
* In general the study drug was well tolerated and premature dlscontmuatlon of therapy due
to AEs were rare. Instead, ten of the 11 patients who discontinued therapy due to AEs
discontinued due to progression of the underlying disease, and one case was due to -
_neutropenia associated with pneumonia
~ * The most frequently reported non-hematological AEs included nausea, vomiting, pyrexia
and peripheral edema. The results suggest that STIS71 600 mg daily used as a single agent
_ represents an effective therapeutic agent for the salvage treatment of patients with
relapsed/refractory Ph+ALL. In the population of older patierits (> 55 years) the results were
_comparable to those obtained in the younger population (< 55 years old). STI571 600 mg
daily was also demonstrated to be safe and well tolerated in the population of
relapsed/refractory Ph+ALL mcludmg in-the elderly patlents

9.2 Recommendation on- Regulatory Action - : e,

The proposed indication is: “Glecvec 1s indicated as a smgle agent for the treatment of adult
patients with relapsed or refractory Ph+ ALL”. : :

. The clinical reviewer recommends that Gleevec receive regular approval for this indication.
This is based upon the induction of both hematologic and cytogenetic responses in this
patient population. For the 7 Ph+ ALL/LBC patients in the phase 1 study (03001) who
received Gleevec doses of 600 mg/day or higher 3 had a complete hematologic response
(CHR). For the 43 patients with Ph+*ALL treated with Gleevet 600 mg/day in the phase 2
study (0109) there were 3 confirmed CHR’s (7%), 0 NEL (no evident leukemia) and 7
RTC/PR’s (16%) in the sponsor analysis. In the sponsor analysis of unconfirmed =
hematologic responses there were 8 CHR’s (19%), 3 NEL’s (7%) and 13 RTC/PR’s (30%).
In the FDA analysis that included both confirmed and unconfirmed responses there were 8
CHR’s (19%), 5 NEL’S (12%) and 11 RTC’s (26%). : :

Major cytogenetic responses (complete or partial; confirmed or unconfirmed) were seen in
15 (35%) of 43 Ph+ ALL phase 2 patients who received Gleévec 600 mg/day. Of the 15
patients with MCyR, 9 (21%) achieved CCyR (6 conﬁrmed) and 6 (14%) had a PCyR G
confirmed).

The Gleevec team is feviewing. the p'roposed labeling update. -
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9.3 Recommendation On Postmarketing Actions

9.3.1 Risk Management Activity
Continue post-marketing surveillance

932 Required Phase 4 Commitments.
No new phase 4 commitments.

9.3.3 Other Phase 4 Requests

None.

9.4 Labeling Review
Label is being reviewed by DODP GIeevee team.

9.5 Comments To Appllcant

None

10.0 APPENDICES

10.1. Review Of Individual Study Reports

‘Study AUSO1 - MD Anderson Cancer Center ,

A Phase II study of hyper-CVAD plus STI571 for Philadelphia-positive acute lymphoblastic
leukemia. The primary study nobjective was to determine the clinical efficacy (overall 5
response rate, event-free survival, and survival) and safety of an intensive short-term ¥
chemotherapy regimen (Hyper-CVAD program) given in combination with STI571 for Ph+
ALL). Forty patients were to be enrolled. Therapy included eight induction-consolidation
courses alternating hyper-CVAD with high dose methotrexate (MTX) and cytarabine (ara-
C), concurrently with imatinib. STL571 400 mg po daily was given days 1 to 14 of each
course of intensive chemotherapy)

‘From April 2001 to February 2004 32 patients have been enrolled in this study out of the 40
patients planned with a median age of 48 years (range, 17-75 years). Twenty-six patients
had active disease, either untreated or refractory to one induction course without imatinib.
Six patients were in CR at study entry after one induction course without imatinib. Twenty-
five (96%) out of the 26 patients with active disease achieved complete response (one failed
to meet platelet criteria for CR). At the time of the analysis the median follow-up was 24
~ months (range, 4-36 months). The outcome appears to be better with the hyper-CVAD
chemotherapy combined with imatinib. with 2-year DFS rates of 87% (for all patients)
compared to the historical controls, 28% for hyper CVAD alone and 12% for VAD
(p<0.001). ’
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Five patients died (3 older patients related to comorbidity, and 2 due to complications of
allogeneic stem cell transplantation). No patient discontinued therapy with imatinib. In the
first 20 patients treated, the median time to hematologic recovery was not significantly
different from the prior non-imatinib regimens. The median time to neutrophil recovery to
ANC of 109/L or higher ranged from 12 to 28 days (during the induction course). The

~median time to recovery of the platelet count to 50 x. 109/L or higher ranged from 14 to 21
days (during the induction course).

The author’s preliminary conclusions was that the outcome of the hyper CVAD

~ {(cyclophosphamide, vincristine Adriamycin, and dexamethasone), a dose-intensive
chemotherapy regimen and imatinib mesylate for patients with de novo Ph-positive ALL
appears significantly better than the conventional chemotherapy programs such as VAD or
CVAD without imatinib.

Study AAUO2 - 11 centers in Australia- ALLG study group

Study AAUO2 is titled “A phase II pilot study of Gleevec (imatinib mesylate, STI571) -
combined with induction chemotherapy in blast-phase chronic myeloid leukemia and
Philadelphia chromosome- -positive acute lymphoblastic leukemia.” The primary objective is
to determine the safety and tolerability of Gleevec at 600 mg daily in combination with

" induction chemotherapy in adult patients with CML in blast crisis or Ph+ ALL.

In CML-LBC and in relapsed Ph+ALL imatinib was s administered as follow: 600 mg up
front for 7 days then combined with induction chemotherapy until day 7 and then withheld
until blood count recovery (neutrophils > 1.0 x 109/L and platelets > 20 x 109/L) and
‘recommenced at 600 mg daily. and continued until the occurrence of disease progression,
_relapse, excessive toxicity or withdrawn from the study. The duration of Gleevec therapy
will be for a core period of 12 months, with possible extension for a further 12 to 24 months.
In de novo Ph+ALL: Imatinib was administered prior to induction therapy only. For patients
‘with de-novo Ph+ ALL chemotherapy will be given according to the French cooperatlve
group ALL protocol (LALA 94). :

Among 22 evaluable patients, combined- imatinib and chemotherapy induction resulted in 14

(64%) complete hematological response. There were 7 (58%) complete hematological -
responses among. 12 evaluable patients with de-novo Ph+ ALL and 7(88%) CR among 8
evaluable relapsed Ph+ALL and CML-LBC. Complete cytogenetic response were seen in 9
. (45%) among 20 evaluable patients. Neutrophils recovered to > 1.0 x 109/L at a median of
day 24 of induction chemotherapy, with only 1 patient showing delaycd recovery (> day -
42). There was 1 induction death on day 18 from overwhelming sepsis and multi-organ
failure. No unexpected non-hematological toxicities were observed. The in-vivo inhibition .
of Bei-Abl by imatinib was monitored in leukemic cells during the imatinib-only prephase

A - using Western blot analysis of CrkL phosphotylation status. Marked dephosphorylation of

' CrkL was observed in peripheral blood and/or marrow in all but 1 of § evaluable cases.
Imatinib potently inhibited Ber-Abl activity in vivo in Ph+ acute leukemic blasts and its
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combination with induction chemotherapy was tolerable. This strategy deserves further
- study. '

Neutrophils recovered to > 1.0 x 109/L at a median of day 24 of induction chemotherapy,
with only | patient showing delayed recovery (> day 42). There was 1 induction death on
day 18 from overwhelming sepsis and multi-organ failure. No unexpected non-
“hematological toxicities were observed.

In conclusion, Imatinib potently inhibited Ber-Abl activity in vivo in Ph+ acute leukemic
blasts and its combination with induction chemotherapy was tolerable. ‘

10.2 Line-By-Line Labeling Review

Done.

110.3 DS Inspection

The following are “preliminary results” from NEW-DO and from NYK-DO regarding the
inspections of Dr. George Demetri and Dr. Richard Silver for NDA-21588/S-011 and S-013
for Gleevec®.' Based on no FDA 483s issued, both sites appear to be in compliance with the
applicable GCP regulations. ' ‘

NWE-DO : :

Dr. George Demetri (Study B2225) (Site 501) (6 subjects)
DFCI & Harvard Medical School ' :

Inspection completed on April 28, 2006.
No FDA: 483 was issued. At lease two instances of minor deviations from the protocol % .
related to the +/-2 day visit window( 4 out of 6 subjects had visits outside this 2 day
window).and subjects being provided much larger quantities of study medications ( up to 6
month supplies were given to some subjects; the protocol required up to 6 weeks supply).
However, these deviations were discussed and approved by the sponsor. '

NYK-DO 4 _

Dr. Richard T. Silver (Study B2225) (Site 506) (5 subjects)
-New York Hospital- Cornell ‘ _

[nspection completed April 26, 2006 . : :

No FDA 483 was issued. Study records and documentations at this site were found to be.
 highly organized; studies were meticulously monitored by the regulatory staff of Cornell
and under the close supervision of the sponsor. Data listings and the reporting of AEs and
SAEs were found to be accurately reported. Drug accountability records weré in good .
order. : s ~ '

I would like to forward the following additional observations rade By the FDA Field

- Investigator related to bone marrow cytogenetic study requirement (to be done at screening
and weeks, 13 and 25 per protocol). I wanted to see if you have any further issues or
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comments with regard to cytogenetic screening/cytogenetic response or Dr. Silver’s | “}
comments about FDA requirements with regard to the following five subjects at this site: ;
| Subject 502 — . : 4 '
Review of the bone marrow analysis CRF respectively for week five dated 24 November h(ﬁ)
1999 and week nine dated 23 December 99 revealed that the bone marrow cytogenetic

analysis was not done. This deviation was attributed to a dry tap during the biopsy. This
observation was discussed with Dr. Silver during the inspection and at the close out
discussion. However upon review of the protocol bone marrow cytogenetic studies schedule
this requirement was to be done at screening and weeks, 13 and 25. There was no protocol

“ violations listed for this subject as part of the NDA listing.

Sub Ject 509 ——

The subject entered the study on 1/13/2000. The screening cytogenetic report dated 1/12/00 “(6)
based on a specimen date of 1/6/00 reads in part, "A bone marrow sample received on

1/6/00 was clotted on arrival. Unstimulated 24-hour cultures were set up as per protocol.

The cultures failed to grow." Review of the subjects medical record revealed that there was

adequate documentation to support the diagnosis of the Philadelphia chromosome positive

CALL. A cytogenetics report dated 5/ 16/00 with a specimen date of 2/14/00 utilizing

fluorescent in situ hybridization (FISH) with the BCR/ABL DNA probe revealed 12.5% Ph
positive and 87.5% Ph negative interfaces were found. The protocol violation section of the
NDA states that subject 509 be excluded per protocol analysis (cytogenetic response) as the
protocol violation reads, “Ph chromosome negative at baselme .

Subject 510 _ _ : -
The subject entered the study on 1/21/2000. ' “\Q\g
The screening cytogenetics report date 1/28/00 based on a specimen date of 1/ 19/00 was L

negative for Philadelphia positive chromosome. However, review of the medical records
revealed that there was adequate documentation to indicate that the subject was clinically’
positive for Ph positive ALL. The protocol violation section of the NDA states that subject
510 be excluded from per protocol analysis (cytogeneticresponse).

- Subject 526 —_—

/

Subject entered the study on 2/ 17/00. The bone marrow: specimen was obtained on 2/ 16/00.

The screening bone marrow cytogenetic analysis was not done because of a dry tap bone “(6‘
marrow aspirate. The bone marrow specimen was only enough to be sent for surgical
pathology and not cytogenetics. The molecular pathology report date 2/15/00 based on a
specimen date of 2/4/00 indicates BCR-ABL analysis consistent with a presence ofa
Philadelphia‘chromosome (t 9; 22). In addition, the cytogenetics report dated 1/ 13/00 based

on a specimen date of 11/30/99 indicates that the Philadelphia chromosome was present in

100% of the cells studied. Lastly various components of the blood chemistry for the week

one day one v151t was not done.
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- Review of the bone marrow analysis CRF respectively for week five dated 13 March 2000
revealed that the bone marrow cytogenetic analysis was not done. This observation was

The protocol violation section of the NDA states that subject 506 has minor protocol
violations as there is no documentation of Ph chromosome positivity (Ph missing at
baseline). ‘ '

Subject 520

discussed with Dr. Silver during the close out discussion. This deviation was attributed to.a

'dry tap during the biopsy However upon review of the protocol bone marrow cytogenetic

studies schedule required this to be done at screening and weeks, 13 and 25. The blood
chemistry week one day one visit two was not done as part of day one of dosage. . There was
no protocol violations listed for this subject as'part of the NDA listing

These aforementioned observations were discussed with the regulatory coordinators during
the conduct of the inspection and with Dr. Silver as noted. A close out discussion was
conducted with Dr. Silver and the regulatory coordinators. No FDA 483 was issued. Dr.

“Silver acknowledged the inspectional findings and made comments with regard to the

definitive diagnosis of Philadelphia positive chromosome as it pertains to the bone marrow
cytogenetic studies and fluorescent in situ hybridization (FISH ) using the BCR/ABL DNA
probe. He stated that he made it very clear during the investigator meetings that they were
not doing the BCR/ABL test or FISH analysis. He stated that because of this there would be
deficiencies noted and he has written various articles in the literature about this. He stated
that Novartis was made aware of this. However FDA considered the bone marrow . ,
cytogenetic studies as the standard. During discussions with Novartis, he made them aware
that utilizing traditional bone marrow biopsies could resultdin dry taps because of a lack of -
aspirate and recommended that BCR/ABL test be used as there is a question of sensitivity

utilizing bone marrow cytogenetic testing. Dr. Silver requested that I include this

information as part of my report. Dr. Silver will respond to any correspondence received by

. FDA.
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Application Type NDA 21-588
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Priority Designation .S
Formulation

Gleevec® (imatinib mésylate) film-coated tablets contain imatinib mesylate equivalerit to
100 mg or 400 mg of imatinib free base. ‘ a

Dosing Regimen

In patients with hematologic malignancies, including sYstemicvmastocytosis (SM), in
Study B2225 imatinib therapy was initiated at a dose level of 400 mg/day.

In the published literature SM patients received doses ranging from 100-mg to 400 mg EY
daily. The small number of patients involved makes it impossible to.do a dose/efficacy
comparison and no dose finding studies have been performed. From the reports, the dose
selection used was likely a mixture of influences including the known literature existing
for the treatment of hypereosinophilic syndrome (HES) where doses of 100-400 mg/day
have been employed, the known tendency of SM patients<to have various hematologic
diserders associated with eosinophilia, the recognition of FIP1L1 mutation sensitivity to
imatinib, and the clinical situation of the patients. The largest clinical experience comes
from the Mayo Clinic where several of their patients were started on imatinib at 400
mg/day and then reduced to 100 mg/day following improvement; other patients were
started at 100 mg/day and then escalated to 400 mg/day if no improvement was seen.

~ The prescribed dose should be administered orally, with a meal and a large glass of
water. Doses of 400 mg or 600 mg should be administered once-daily, whereas a dose of
800 mg should be administered as 400 mg twice a day.

- Indication(s)
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Proposed Indication: Gleevec is indicated for the treatment adult patients with systemic
mastocytosis without the D816V c-Kit mutation or with cKit mutational status unknown.

Other Indications: Gleevec® (imatinib mesylate) is indicated for the treatment of newly
diagnosed adult patients with Philadelphia chromosome positive chronic myelmd
leukemia (CML) in chromc phase. Follow—up is limited.

Gleevec is also indicated for the treatment of patients with Philadelphia chromosome
positive chronic myeloid leukemia (CML) in blast crisis, accelerated phase, or in chronic

‘phase after failure of interferon-alpha therapy. Gleevec is also indicated for the treatment
of pediatric patients with Ph+ chronic phase CML whose disease has recurred-after stem
cell transplant or who are resistant to interferon-alpha therapy. There are no. controlled
trials in pediatric patients demonstrating a clinical benefit, such as improvement in
disease-related symptoms or increased survival.

Gleevec is also indicated for the treatment of patients with Kit (CD117) positive
unresectable and/or metastatic malignant gastrointestinal stromal tumors (GIST). The
effectiveness of Gleevec in GIST is based on objective response rate. There are no

- controlled trials demonstrating a clinical benefit, such as improvement in disease-related
symptoms or increased survival.

Intended P-o_pulation |

The approved mdxcatxon should be for the treatment adult patients with aggresswe
systemic mastocytosis without the D816V ¢-Kit mutation.or with cKit mutational status
unknown”. Approval does not include patients with cutaneous mastocytosis, indolent systemiic

‘mastocytosis (smoldering SM or isolated bone marrow mastocytosis), patients with SM and an

associated clonal hematological non-mast cell lineage disease, mast cell leukemia, mast cell
sarcoma or extracutaneous-mastocytoma. Patients that harbor the D816V mutatlon of c-Kit
are not sensitive to Gleevec and should not receive Gleevec.
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1.0 EXECUTIVE SUMMARY" ‘
Gleevec should be granted regular approval for the following indication: “Gleevec is
indicated for the treatment adult patients with aggressive systemic mastocytosis without
- the D816V c-Kit mutation or with cKit mutational status unknown”. 'Approval does not -
include patients with cutaneous mastocytosis, indolent systemic mastocytosis (smoldering SM or
isolated bone marrow mastocytosis), patients with SM and an associated clonal hematological
-non-mast cell lineage disease, mast cell leukemia, mast cell sarcoma or extracutaneous
mastocytoma. Patients that harbor the D816V mutation of c-Kit are not sensitive to
Gleevec and should not receive Gleevec”. '
One uncontrolled study (B2225) enrolling 5 patients and ten publications including 25
SM patients (23 aggressive SM) support the efficacy claim. Eight out of the 28 patients
with aggressive SM (30%) experienced a complete hematological response. In Study -
B2225 one patient had a confirmed partial response, a second patient had an unconfirmed
partial response, and one further patient experienced stable disease as best overall
response. In the published literature, eight patients experienced a partial response.
Overall, counting confirmed complete and partial responders, imatinib induced-a _
hematological response in 17 out of 28 patients (61%). In addition to improvément in
- -hematologic and bone marrow abnormalities there were also improvements in
symptomatology and other organ dysfunction abnormalities. '

Cytogenetic abnormalities were evaluated in 20 of the 23 patients with aggressive SM'
treated in the published reports. Seven out of these 20 patients had FIP1L1-PDGFRa
fusion kinase, as determined either by actual mutational analysis showing FIPIL1-
PDGFRa fusion kinase or by a CHIC? allele deletion detectéd by FISH methodology
implying presence of the FIP1L1-PDGFRa fusion kinase. Patients with this cytogenetic
abnormality are most likely to be males and to have eosinophilia associated with their
SMCD. Two patients showed a c-Kit mutation in the juxtamembrane region (one
Phe522Cys and one K509I). Patients that harbor the D816V mutation of c-Kit are not -
sensitive to imatinib. All 7 patients with the FIP1L1-PDGFRa fusion kinase had a CHR.

Recommendation On Regulatory Action

The medical reviewer recommends that regular approval be granted for the following
indication:. “Gleevec is indicated for the treatment adult patients with aggressive -
systemic mastocytosis without the D816V c¢-Kit mutation or with cKit mutational status
unknown”. Approval does not include patients with cutancous mastocytosis, indolent systemic -
mastocytosis (smoldering SM or isolated bone marrow mastocytosis), patients with SM and an
associated clonal hematological non-mast cell lineage disease, mast cell feukemia, miast cell
sarcoma or extracutaneous mastocytoma. Patients that harbor the D816V mutation of c-Kit
are not sensitive to Gleevec and should not receive Gleevec, S '

Clinical benefit is demonstrated by long duration responses. Further, the rarity of ‘
- occurrence of aggressive SM with absent c-Kit D816V mutation makes randomized trials
NDA 21-588S-014 _ ' 7 '
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impractical. The number of patients suffering from smoldering and aggressive SM in the

- USA is estimated to be 20,000, among which 8,000 are adults and 12,000 children. Kit
D816V mutation is present in approximately 60% of the adults, leaving 3000 adults
without D816V mutation. Aggressive mastocytosis represents less than 5% of adult cases
or less than 150 patients.

A summary of responses in aggressive SM is shown below. .

Cytogenetic abnormality ' Number of Complete ~  Partial
) ' ’ - patients hematologic hematologic
- : __response response
FIPIL1-PDGFRa fusion kinase (or CHIC2 7 7(100%) 0
. deletion) _ : '

Juxtamembrane mutation . : 2 0 : 2 (100%)
Unknown or no cytogenetic abnormality 15 0. : 7 (44%)
detected . : e _ o
D816V mutation o . 4 1* (25%) 0

Total A 28 _ 8(0%) . 9(32%)
*Patient had concomitant CML and SM : :

- 1.2 Recommendation On Post-marketing Actions
Continue post-marketing surveillance.

1.21 Risk'Managemen't Acfivity _

Continue post-marketing surveillance of AE's

1.22  Required Phase 4 Commitments

No new commitments.
1.23 ~ Other Phase '4-Reqi1est_s.

Assure avallablhty of a validated test kit for detectron of the D816V c-kit mutation. An
IDE or Pre-Market Application filing by Novartis or a 3‘ party should occur no later
than 4 months after Gleevec approval for this mdxcatlon

13 SUMMARYV OF CLINICAL FINDINGS

1.3.1 Brief Overwew of Clinical Program

One open-label, multicenter, Phase II clinical trlal (study B2225) was conducted This
study included 5 patients with SM. The SM patients were treated with 100 mg to 400 mg
of Gleevec daily. In addition to these 5 patients, 10 published case reports and case series
describe the use of Gleevec in 25 additional patients with. SM aged 26 to 85 years. These
25 patrents also received 100 i mg to 400 mg of Gleevec daily (Table 1).

NDA 21-5885-014 8
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Table 1: SM - Literature Reports

Study No. of patients treated Potential Dose of Study design
with imatinib genotypic imatinib " description
. ‘ mutations (mg/day) )
| Pardanani, et al 12 ¢-Kit activating 100 - 400 ~ Case Series
(2003a) :
Pardanani, et al 5 patients; all reported - FIPIL1-PDGFRq, 100 =400 Case Series
~ |(2003b) _in Pardanani, et al (2003a) c-Kit activating -
Pottier, et al (2003) 1 ‘ Not described 400 Case Report
Akin, et al (2004) 1 Phe522Cys 400 - Case Report
Elliott, et al (2004) { - F IPlLl’-PDGFRa . 100 -400 Case Report |
Hennessy, et al (2004) 3 (out of 18 patients in Not sought- 200 — 400 Case Series
total) . ’ - |
Musto, et al (2004) | D816V 400 Case Report |-
Pardanani, et al 7 patients,3 already ‘ FIPIL1-PDGFRa 100 Case Series |
(2004a) reported in Pardanani, et al '
(2003a) L
Agis, et al (2005) 1 D816V 400 Case Report
Zhang, et al (2005) [ K5091 400 - Case Report
Total . 25 - '

1.3.2 Efficacy

One uncontrolled study (B2225) enrolling 5 patients and ten publications including 25
SM patients (23 aggressive SM) support the efficacy claim. Eight out of the 28 patients
with aggressive SM (30%) experienced a complete hematological response. In Study
B2225 one patient had a confirmed partial response, a second patient had an unconfirmed
partial response, and one further patient experiénced stable disease as best overall
response. In the published literature, eight patients experienced a partial response.
Overall, counting confirmed complete.and partial responders, imatinib induced a

- hematological response in 17 out of 28 patients (61%). In addition to improvement in

hematologic and bone marrow abnormalities there were also im

- symptomatology and other organ dysfunction abnormalities.

provements in- -

Cytogenetic abriormalities were evaluated in 20 of the 23 patients with aggressive SM
treated in the published reports. Seven out of these 20 patients had FIP1L1-PDGFRa
fusion kinase, as determined either by actual mutational analysis showing FIP1L1-
PDGFRa fusion kinase or by a CHIC?2 allele deletion detected by FISH methodology
implying presence of the FIP1L1-PDGFRa fusion kinase. Patients with this cytogenetic
abnormality are _mbst likely to be males and to have eosinophilia associated with their
SMCD. Two patients showed a c-Kit mutation in the juxtamembrane region (one
Phe522Cys and one K5091). Patients that harbor the D816V mutation of ¢-Kit are not

£

sensitive to imatinib. All 7 patients with the FIP1L1-PDGFRa fusion kinase had a CHR.

NDA 21-5885-014 9
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A summary of the response rates to Gleevec in SM is provided in Table 2

Table 2: Response in Aggressive SM by cytogenetics

Cytogenetic abnormality Number of Complete Partial
' patients hematologic. | hematologic

response response

FIP1L1-PDGFRa fusion kmase (or CHIC2 - 7 7 0

deletion) .

Juxtamembrane mutation 2 0 2

Unknown or no cytogenetic abnormahty detected 1S 0 7

D816V mutation 4 1* 0

Overall totals 28 8 (30%) 9 (32%)

*Patient had concomitant CML and SM ' :

-1.3.3 Safety

'Adverse events in SM patients were similar to those observed in other Gleevec studies.
Most were of CTC grade 1 or 2'in severity. AE’s included nausea, diarrhea, fatigue,
muscle cramps, arthralgia and fluid retention. Laboratory abnormalities included anemia.

SM might be associated with high eosinophil levels. Performance of an echocardiogram
and determination of serum troponin should be therefore considered in those SM patients.
If either is abnormal the prophylactic use of systemic steroids (1-2 mg/kg) for one to two
weeks concomltantly with imatinib should therefore be considered at the initiation of
therapy.

Follow-up, to-date indicate that the following toxicities may be of Concern:

Dermatologic Toxicities: Bullous dermatologic reactions, including erythema 4 w5,
multiforme and Stevens-Johnson syndrome. In some reported cases a recurrent - '
dermatologlc reaction was observed upon rechallenge. Several reports have described
cases in which patients tolerated the reintroduction of Gleevec therapy after resolution or
improvement of the bullous reaction. In these instances, Gleevec was resumed at a dose -
‘lower than that at which the reaction becurred and some patients also received
concomitant treatment with corticosteroids or antlhlstammes

Fluid Retention and Edema: Gleevec is often associated with edema and occasionally
serious fluid retention. The probablhty of edema was increased with higher Gleevec dose
and age >65 years in the CML studies. Severe superficial edema was reported in 1.1% of
newly diagnosed CML patients taking Gleevec, and in 2%-6% of other adult CML
patients taking Gleevec. In addition, other severe fluid retention (e.g., pleural effusion,
pericardial effusion, pulmonary edema, and ascites) events were reported in 0.7% of
newly diagnosed CML patients taking Gleevec, and in 2%-6% of other adult CML
patients taking Gleevec. Severe superﬁéial edema and severe fluid retention (pleural
effusion, pulmonary edema and ascites) were reported in 1%-6% of patients taking
Gleevec for GIST. There have been post-marketing reports, mcludmg fatalities, of

NDA 21-5885-014 10
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cardiac tamponade, cerebral edema, increased intracranial pressure, and papilledema in
patients treated with Gleevec. :

Gastrointestinal Disorders: Gleevec is sometimes associated with Gl irritation. Gleevec
should be taken with food and a large glass of water to minimize this problem. There
have been rare reports, including fatalities, of gastrointestinal perforation.

Hemorrhage: -In the newly diagnosed CML trial, 1.1% of patients had Grade 3/4
hemorrhage. In the GIST clinical trial, seven patients (5%), four in the 600-mg dose
group and three in the 400-mg dose group, had a total of eight events of CTC Grade 3/4 -
gastrointestinal (GI) bleeds (3 patients), intra-tumoral bleeds (3 patients) or both (1
patient). Gastrointestinal tumor sites may have been the source of GI bleeds.

Hematologic Toxicity: Treatment with Gleevec is associated with anemia, neutropenia,
and thrombocytopenia. In CML, the occurrence of these cytopenias is dependent on the
stage of disease and is more frequent in patients with accelerated phase CML or blast
crisis than in patients with chronic phase CML. In patients with hypereosinophilic
syndrome and cardiac involvement, isolated cases of cardiogenic shock/left ventricular
dysfunction have been associated with the initiation of imatinib therapy. The condition
was reported to be reversible with the administration of systemic steroids, circulatory
support measures and temporarily withholding imatinib. Systemic mastocytosis might be
associated with high eosinophil levels. Performance of an echocardiogram and
determination of serum troponin should therefore be é_o'nsidered in SM patients associated
with high eosinophil levels. If either is abnormal, prophylactic use of systemic steroids
(1-2 mg/kg) for one to two weeks concomitantly with imatinib should be considered at
the initiation of therapy. : '

Hepatotoxicity: Hepatotoxicity, occasionally severe, may occur with Gleevec.

Toxicities From Long-Term Use: Potential toxicities suggested by animal studies,
include liver and kidney toxicity and immunosuppression. Severe liver toxicity was

+ observed in dogs treated for 2 weeks, with elevated liver enzymes, hepatocellular
necrosis, bile duct necrosis, and bile duct hyperplasia. Renal toxicity was observed in
monkeys treated for 2 weeks, with focal mineralization and dilation of the renal tubules

- and tubular nephrosis. Increased BUN and creatinine were observed in several of these
animals. An increased rate of opportunistic infections was observed with chronic imatinib
treatment in laboratory animal studies. In a 39-week monkey study, treatment with
imatinib resulted in worsening of normally suppressed malarial infections in these
animals. Lymphopenia was observed in animals (as in humans).

1.3.4 Dosihg, Regimen and Administration

The recommended dosage of Gleevec® (imatiﬁib mesylate) is 100mg/day to 400 mg/déy '

for adult patients with SM.
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1.3.5 Drug-Drug Interactlons

CYP3A4 Inhibitors: Substances that 1nh1b1t the cytochrome P450 i isoenzyme (CYP3A4)
activity (e.g., ketoconazole, itraconazole, erythromycin, clarithromycin).may decrease
metabohsm and increase imatinib concentrations. There is a significant increase in
exposure to imatinib (mean Cmaxand AUC increased by 26% and 40%, respectively)
when Gleevec is coadministered with ketoconazole (CYP3A4 inhibitor).

CYP3A4 Inducers: Substances that are inducers of CYP3A4 activity may increase -
metabolism and decrease imatinib plasma concentrations. Co-medications that induce -
CYP3A4 (e.g., dexamethasone, phenytoin, carbamazepine, rifampin, phenobarbital or St.
John’s Wort) may significantly reduce exposure to Gleevec. Pretreatment of healthy
volunteers with multiple doses of rifampin followed by a single dose of Gleevec,
increased Gleevec oral-dose clearance by 3.8-fold, which: significantly (p<0.05)
decreased mean Cpax and AUC o). In patients where rifampin or other CYP3A4 inducers
are indicated, alternative therapeutic agents with less enzyme induction potential should
be considered. -

CYP3A4 Substrates: Gleevec increases the mean Cruax and AUC of sxmvastatm (CYP3A4
substrate) 2- and 3.5-fold, respectlvely, suggesting an inhibition of the CYP3A4 by
Gleevec. Particular caution is recommended when administering Gleevec with CYP3A4
substrates that have a narrow therapeutic window (e.g., cyclosporine or pimozide).
Gleevec will increase plasma concentration of other CYP3A4 metabolized drugs. (e.g.,
triazolo- benzodlazepmes dihydropyridine calcmm channel blockers, certain HMG-CoA
reductase inhibitors, etc.).

Because warfarin is metabolized by CYP2C9 and CYP3A4 patients who require
anticoagulation should receive low-molecular weight or standard heparin.

O
3

In vitro, Gleevec 1nh1b1ts the cytochrome P450 i isoenzyme CYP2D6 activity at similar
concentrations that affect CYP3A4 activity. Systemic exposure to substrates of CYP2D6
is expected to be increased when coadministered with Gleevec. No specific studies have
been performed and caution is recommended.

~In vitro, Gleevec 1nh1b1ts acetammophen 0- glucuronldatlon &K value of 58.5 uM) at:
therapeutic levels. Systemic exposure to acetaminophen is expected to be increased when
coadministered with Gleevec. No specific studies in humans have been performed and
caution is recommended :

‘Enzyme Inhibition: Human liver microsome studies demonstrated that Gleevec is a
potent competitive inhibitor of CYP2C9, CYP2D6, and CYP3A4/5 with Kivalues of 27,
7.5 and 8 pM, respectively. Gleevec is likely to increase the blood level of drugs that are
substrates of CYP2C9, CYP2D6 and CYP3A4/5. .

1.3.6 SpeCIal Populations -

Pediatric patients

NDA 21-588S-014 , 12
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One open-label, single-arm study enrolled 14 pediatric-patients with Ph+ chronic phase
CML recurrent after stem cell transplant or resistant to alpha interferon therapy. Patients
ranged in age from 3 to 20 years old; 3 were 3-11 years old, 9 were 12-18 years old, and
2 were >18 years old. Patients were treated at doses of 260 mg/ma/day (n=3), 340
mg/m2/day (n=4), 440 mg/m2/day 297 (n=5) and 570 mg/m>/day (n=2). In the 13 patients
for whom cytogenetic data are available, 4 achieved a major cytogenetic response, 7 -
achieved a complete cytogenetic response, and 2 had minimal cytogenetic response. At
the recommended dose of 260 mg/mo/day, 2 of 3 patients achieved a complete
cytogenetic response. Cytogenetic response rate was similar at all dose levels.

In a second study, 2 of 3 patients with Ph+ chronic phase CML resistant to alpha
interferon achieved a complete cytogenetic response at doses of 242 and 257 mg/m2/day.

- Hepatic Insufficiency: The effect of hepatic impairment on the pharmacokinetics of both
imatinib and its major metabolite, CGP74588, was assessed in 84 cancer patients with varying
degrees of hepatic impairment (Table 3) at imatinib doses ranging from 100-800 mg. Exposure

~ to both imatinib and CGP74588 was comparable between each of the mildly and moderately

hepatically-impaired groups and the normal group. However, patients with severe hepatic
impairment tend to have higher exposure to both imatinib and its metabolite than patients with
normal hepatic function. At steady state, the mean Cmax/dose and AUC24/dose for imatinib
increased by about 63% and 45%, respectively, in patients with severe hepatic impairment
compared to patients with normal hepatic function. The mean Cmax/dose and AUC24/dose for

CGP74588 increased by about 56% and 55%, respectively, in patients with severe hepatic

impairment compared to patients with normal hepatic function. ' .

Table 3: Liver Function Classiﬁcation

Test Nérmal (n=14) | Mild (n=30) o Moderate n=20 Severe (n=20)
Total Bilirubin | <ULN - 1.5 ULN >1.5-3x ULN >3-10x ULN
SGOT <ULN "> ULN (can be normal if | Any Any

’ Total Bilirubin is >ULN) .

ULN=upper limit of normal for the institution

Renal Insufficiency: No clinical studies were conducted with Gleevec in patients with
decreased renal function (studies excluded patients with serum creatinine concentration
more than 2 times the upper limit of the normal range). Imatinib and its metabolites are
not significantly excréted via the kidney. ' -

Geriatric Use: In the CML clinical studies, approximately 40% of patients were older
than 60 years and 10% were older than 70 years. In the study of patients with newly
diagnosed CML, 22% of patients were 60 years of age or older. No difference was
observed in the safety profile in patients older than 65 years as compared to younger
patients, with the exception of a higher frequency of edema. The efficacy of Gleevec was
similar in older and younger patients. :

2.0 lNTRODUCTlON AND BACKGROUND
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| 2.1 Product Information

Gleevec® (imatinib mesylate, STIS71) is a small molecule protein-tyrosine kinase
inhibitor, which potently inhibits the Abl tyrosine kinase at the in vitro, cellular, and in
vivo level. The compound specifically inhibited proliferation of v-Abl and Ber-Abl
expressing cells, suggesting that it is not a general antimitotic agent. In colony formation
assays using progenitor cells ex vivo from patients with CML, imatinib showed selective
inhibition of Ber-Abl positive colonies. In addition, imatinib potently inhibits the activity
of the platelet-derived growth factor receptors a and B (PDGFRa and PDGFRP), c-Kit,
the receptor for stem cell factor (SCF), c-Fms, the receptor for macrophage stimulating
factor (M-CSF), as well as Abl and Arg PTK. Imatinib also inhibits the cell signaling
events mediated by activation of Ber-Abl, c-Kit and the PDGF receptors. In contrast, it
does not affect signal transduction mediated by other stimuli including epidermal growth
- factor, insulin and phorbol esters. In vivo, the compound shows anti-tumor activity as a
single agent in animal models at well tolerated doses.

s

2.2 Currently Available Treatment For Prb‘pos'ed Indication

Therapy for mast cell disorders is aimed at both symptomatic care and the-control of mast
cell burdens within the body. Symptomatic control of episodes of cytokine release relies
on the antihistamines (both H1 and H2 receptor blockade), epinephrine, and the
avoidance of precipitating factors: Topical steroids and psoralen plus ultraviolet A l1ght
exposures (PUVA therapy) have been used for topical disease. Oral disodium
cromoglycolate can reduce pruritis and wheal formation in the skin. Diphosphonates are

~ used to control osteopenia. For patients with aggressive SM and rapidly progressive
splenomegaly, splenectomy has been performed with clinical benefit observed. In
patients with mast cell leukemias or SM associated myelopréliferative disorders,
interferon and cytotoxic chemotherapy regimens have been employed.

2.3 Availability Of Proposed Active Ingredient In The United States

Gleevec® is appfoved for use in the United States. See current indications.

2.4 Important Iss.ues With F”'harmacologicaify Related Products
None g -

2. 5 Presubmlssmn Regulatory Actwnty

The clinical results were discussed with the FDA on 12-Aug-2004. The objective of this
meeting was to seek guidance for the approval of imatinib as a treatment for patients with
rare malignancies carrying imatinib-sensitive targets. The FDA recognized the rarity of
the targeted malignancies and accepted to consider a potential filing based upon an
exploratory phase II study and published case reports/studies. Suggestions and
recommendations on how to analyze and present the data were also given.

NDA 21-5885-014 4 ’ . . : )
Martin H. Cohen, M.D. . o _ A Sz
Gleevec® (imatinib mesylase; STIS71) ' ' '



_ Clihical and Statistical Review

2.6 Other Relevant Background Information

Systemic mastocytosis is a clonal expansion of mast cells. Mast cells are derived from
CD34+ pluripotential stem cells that are marrow derived and then migrate to peripheral
tissues for terminal differentiation. Cutaneous mastocytosis (CM) is characterized by
cutaneous infiltrations of mast cells that cause local inflammatory and fibrosing reactions.
These can develop at a very young age and be either localized or more extensive. When
mast cells are recognized to be infiltrating multiple organs, then the term systemic
mastocytosis (SM) is generally clinically applied. Certain patients with SM also exhibit
an associated myeloproliferative or myelodysplastic disorder in the bone marrow. The
development of these conditions in association with mast cell disorders has been taken as
evidence of the clonal derivation of mast cells from myeloid precursors. In these
instances the prognosis is generally determined by the associated disorder. The World
Health Organization (WHO) criteria for the diagnosis of SM are as follows (Table 4):
Diagnosis requires one major and one minor criterion or three minor criteria. ”

Table 4: WHO criteria for a diagnosis of SM: Major Criterion* Minor Criteria*

Major Criterion* - : Minor Criteria*
Multifocal dense infiltrates of In sections of bone marrow or other extracutaneous organs, more
mast cells (15 or more mast than 25% of mast cells are spindle-shaped or otherwise atypical

cells in aggregates) in biopsy o, in a bone marrow aspirate, more than 25% of mast cells are
sections of the bone marrow typical or immature; Kit codon 816 mutation is present in

' and/or other extracutaneous extracutaneous tissues Extracutaneous mast cells-co-express
organ or organs, confirmed by CD117 and either CD2, CD25, or both; Serum tryptase is _
special stains such as mast persistently greater than 20 mg/mL (unless there is an associated

cell tryptase clonal myeloid disorder, in which case this criterion is not valid)

Additional search for organ infiltration is made with liver/spteen scans, CT scans
searching for organ infiltration/enlargement and lymph node enlargement, and
gastrointestinal evaluations as indicated for gastrointestinal complaints. Marrow
infiltration leads to anemia, other cytopenias, and skeletal abnormalities including
osteopenia. Splenomegaly may contribute to the cytopenias and patients may have
superficial or internal lymphadenopathy. Clinically, patients may also describe episodes
of generalized flushing or “warm feelings” accompanied by shértness of breath,
palpitations, tachycardia, nausea, diarrhea, lightheadedness, headache, and occasionally
hypotension and syncope. F ollowing the episodes the patients may experience fatigue
lasting several hours. Precipitating events for these attacks may include stress, exertion,
or heat exposure. ‘ '

gt f

' The role of genetics in SM

Disorders of mast cells and their response to therapy are now being molecularly defined.
Mast cells terminally differentiate in the peripheral tissues under the control of c-Kit and

its ligand, SCF, in addition to other cytokines. SCF is primarily produced by tissue
stromal cells. Abnormalities of regulation of the c-Kit/SCF axis may lead to
dysregulation of mast cell proliferation in tissues. The focal accumulation of dermal mast

cells has been associated with increased amounts of SCF in tissues. Not all patients with
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SM have identifiable activating mutations of c-Kit and these patients may have
abnormalities in the regulation of the c-Kit/SCF axis or other yet undiscovered
pathogenetic disorders. Mutations of ¢-Kit codons 560 and 816 that lead to ligand- -
independent c-Kit kinase activation have been described in human mast cell leukemia
lines. The D816V mutation is the most common mutation found and may be most
prevalent in the indolent form of SM. The D816V Kit activating mutation is located
within the activation loop of the kinase domain and confers resistance to imatinib by
virtue of a structural change leading to a destabilization of the inactive conformation of .
the kinase. Both in vitro cell lines and patient detived mast cells that harbor the D816V
mutation of c-Kit are not sensitive to imatinib. Although a single case report published by
Agis, et al (2005) indicated sensitivity to imatinib therapy in a patient with SM and the
D816V mutation (this patient had concomitant Ph+ CML), the larger body of clinical
evidence does not support the effectiveness of imatinib therapy in the treatment of
patients with SM who have the D816V mutation. Other mutations, such as the V560G
Jjuxtamembrane mutation of ¢-Kit are sensitive to imatinib in vitro, and patients harboring
this mutation have also derived clinical benefit from imatinib therapy. Activating

. mutations involving the juxtamembranous codons interfere with the “control” function of
the tyrosine kinase, but remain sensitive to imatinib inhibition. Patients with SM and wild
type c-Kit have also been described to benefit from imatinib- therapy. In a subset of SM
patients with associated eosinophilia, a novel tyrosine kinase generated from the fusion of
the Fip1-like-1 (FIP1L1) gene with the PDGFRa gene has been described by Pardananti,
et al (2003b). The fusion results from an interstitial deletion that includes the CHIC2'
locus on chromosome 4q12. The FIP1L1-PDGFRa is a constitutively activated PTK that
is highly sensitive to imatinib. Patients with SM with associated eosmophlha and
FIP1L1-PDGFRa are often male and develop rapid and complete response to treatment

“with 1matm1b :

The increased understanding of the role of genetics in the etiology of SM has added to the
clinicopathologic classifications of patients with mast cell disorders. Table 4 above
incorporates ¢c-Kit mutation information into the diagnostic criteria for SM and Table 5
below is the latest consensus classification system for the vatious variants of -
mastocyt031s recogmzed in the updated WHO clasmﬁcatxon

NDA 21-588S-014 . .16 . ' A }
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Table 5: WHO Variants of Mastocytosis

Mastocytosis Variant

I Cutaneous mastocytosis (CM)
a) Maculopapular CM
b) Diffuse CM
c¢) Mastocytoma of skin

2 Indolent systemic mastocytosis
a) Smoldering SM-
b) Isolated bone marrow mastocytosis

3 Systemic mastocytosis with an associated clonal hematological non-mast cell
lineage disease (SM-AHNMD)

4 Aggressive systemic mastocytosis
With eosinophilia

5 Mast cell leukemia (MCL)
Aleukemic MCL

6 Mast cell sarcoma

7_Extracutaneous mastocytoma

In this classification, the SM variant described in thevtable as SM-AHNMD describes the
patients with associated FIP1L1-PDFGRa. fusion kinase detected on mutational analysis.

3.0 SIGNIFICANT FINDINGS FROM OTHER DISCIPLINES
3.1 CMC (And 'Produlct Microbiology. If Applicable) |

‘No new data are available and therefore no changes of the label are required.

3.2 Animal Pharmacology/Toxicology | ,
No new data are available and therefore no changes of the label are required.

4.0 Data Sources, Review Strategy And Data Integrity"

4.1 Sources of Clinical Data A :
Electronic Document Room document Cdsesub1\N2158 8\S_014\2006-2-28\

!

4.2 Table of Clinical Studies

Published clinical studies are summarized in Table 6. There were 25 SM patients in .the
published studies (28 patients with aggressive disease; 1 patient of Pardanani and one of

Pottier had indolent SM). In addition, a phase II open label study [B2225] in patients with

malignancies known to be associated with one or more imatinib-sensitive tyrosine
kinases included 5 SM patients.

NDA 21-588S-014 _ 17
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-Table 6: Published Clinical Studies

Study No. of patients treated Genotypic Imatinib Dose A
with imatinib mutations (mg/day)
Pardanani, etal 12 : c-Kit activating 100 —- 400
{2003a) '
Pardanani, et al 5 patients, all reported FIPIL1-PDGFRa, 100 - 400
(2003b) in Pardanani, et al (2003a) c-Kit activating A
Pottier, et al (2003) 1 ’ Not described 400
Akin, et al (2004) | - Phe522Cys 400
Elliott, et al (2004) 1 A FIPIL1-PDGFRa 100 — 400
Hennessy, et al (2004) 3 (out of 18 patients in Not sought 200 — 400
: total) ‘ :
Musto, et al (2004) 1 D816V 400
Pardanani, et al - 7 patients,3 already FIP1L1-PDGFRa 100
(2004a) reported in Pardanani, et al :
‘ (2003a) _

Agis, et al (2005) 1 D816V 400

| Zhang, et al (2005) 1 K5091 400
Total 25 '

4.3 Review Strategy

Efficacy data pertammg to hematologic and cytogenetic response rates and durations, as
approprlate were reviewed. All safety data was reviewed.

4.4 Data Quallty And lntegnty

- DSI i 1nspect10ns are plarined.

4.5 Compliance With Good Clinical Practices

All studies were conducted, as could best be determined, in full compliance with Good
Clinical Practice. The phase II clinical study was monitored by Novartis personnel or a
contract organization for comphance to the protocol and the procedures described in it.

4.6 Financial Dlsclosures

No clinical mvestlgators in study 2225 are full or part-ume employees of Novartis
Pharmaceuticals Corporation. Disclosable financial arrangements and interests are
identified on the spreadsheets by bolding the investigators name and are detailed in the
disclosure forms that follow [FDA Form 3455] These arrangements and interests were as
follows (Table 7): -

NDA 21-5885-014 18 B )
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Table 7: F inancia! Disclosure Information

fnvestigator Center | Amount Category of Disclosure
: No., | Disclosed | ' :
>$25,000
1 >$25,000 i b(6)
T $145,000 i

Financial disclosure information regarding the publications supporting this NDA
submission was determined directly from the publication disclosure statements. The _
Authors either did not describe financial interest in any of the publications or stated that
they had no conflict of interest or financial interest. : o '

5.0 CLINICAL PHARMACOLOGY

3.1 Pharmacokinetics | ,
No new data are available and therefore no changes of the label are required.

9.2 Pharmacodynamics |
No new data are available and therefore no changes of the label are required.

5.3  Exposure-Response Relationships
No new data are available and therefore no changes of the label are required.

6.0 INTEGRATED REVIEW__OF‘EFFICACY ' R
L ' B
6.1 Indication (Proposed) .. e R “\\'

6._._»1 -1 Methods

Clinical information concerning trial B2225 and the 23 referenced case reports were
reviewed. - ' -

6.1.2 General Discussion of Endpoints

Efficacy endpoints have been discussed with, and approved by, the FDA

NDA 21-5885-014 19
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6.1.3 Study Design o \

Study B2225 is an open label, multicentér, phase II clinical trial testing the efficacy and
~safety of imatinib in patients suffering from life threatening diseases associated with Abl,

Kit or PDGFR TKSs. Patients had disease that was refractory to standard therapeutic .

options or for which no conventional therapies of definitive benefit existed. Tissue
samples were to be collected and analyzed when possible and provided results to support
the possible functional significance of one or more.of the relevant imatinib-sensitive TKs.
Other inclusion criteria were an Eastern Cooperative Oncology Group (ECOG)
performance status 0 to 2, adequate end organ function, life expectancy of more than 3
months, adequate contraception and written, informed consent. Although patients were to
have had a fresh tissue biopsy prior to study treatment and an additional biopsy while
undergoing treatment, this was inconsistently done. Patients with hematologic
malignancies (e.g. AML/myelodysplasia who displayed cytopenia) were eligible for the
_study despite thrombocytopenia and low absolute neutrophil count (ANC) if approved by
Novartis after discussion with the investigator. Excluded from the study were patients
eligible for other imatinib clinical protocols, treated with any other investigational agents
within 28 days of first day of study drug dosing, had another primary malignancy or
having received chemotherapy within 4 weeks (6 weeks for nitrosourea, mitomycin-C or
any antibody therapy) prior to study entry. Patients were enrolled in the study over a 47-
month period from 5-Feb-2001.

The planned starting dose differed between the two groups of malignancies, with the 45
patients with hematological malignancies initially receiving imatinib at 400 mg p.o. daily
with a provision for a dose increase up to 800 mg p.o. daily if progression or absence of
significant improvemerit in the disease was observed after at'feast 4 weeks of therapy. -
The other 140 patients with solid tumors initially received imatinib at 800 mg p.o. daily-
with a provision for a dose increase up to 1000 mg p.o. daily if progression or absence of
significant improvement:in the disease was observed after at least 8 weeks in solid tumor
of therapy. Provisions for dose modification were included in the study protocol.
~Treatment was originally to be continued for 2 years; the protocol was later amended to

allow indefinite treatment for patients’ beneﬁtmg from treatment in absence of safcty
concerns. .

) The primary objectrve of the study was to assess the efficacy of rmatmrb The B2225 7
clinical study protocol as-well as the published studies did not specifically distinguish -
between hematological and cytogenetic response as primary or secondary efficacy end-
point, but hematological response was always used as primary endpoint, at least based
upon the temporal evolution of events. Of note, no definition of response was included in
the protocol for hematologic malignancies; the activity of imatinib was assessed
primarily by evaluating normalization of blood counts and of bone marrow appearance,
~ as well as cytogenetic analysis, FISH analysrs for detection of PDGFR rearrangement and
PCR analysis for its characterization. :

NDA 21-588S-014 . 20
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Because these criteria used to asses the peripheral blood and the bone marrow response

* correspond to the definition of complete hematological and complete cytogenetic

response used in other hematological malignancies, they are felt adequate to define the

therapeutic efficacy of the drug in the disease, and were used in all the case reports

' pubhshed and included in this application.

The defined secondary endpoint in was the ECOG status. No secondary endpoint
was specified in the published case reports, although cytogenetic response could be also
considered as a secondary endpoint. '

Other secondary objectives were to assess the safety and tolerability of imatinib, to

evaluate the pharmacokinetic (PK) profile of imatinib in selected patients and to assess, if
feasible, the functional significance of relevant signal-transduction components in target
tissues by evaluating the expression and activation status of the relevant tyrosine kinase,
molecules or associated signaling molecules, by measuring indices of cellular
proliferation and by correlating the changes in the above findings with clinical outcomes.
However, due to the inconsistent collection of biological samples, these latter secondary

- objectives were not evaluated.

Five to ten patients per indication, condition, or disease were initially enrolled. Lack of
‘clinical efficacy excluded future patients with the same indication, condition or disease
from the study. If however, évaluation of the results of the first five patients suggested a
positive effect of imatinib by conventional clinical response criteria or other
pharmacodynamic measures (e.g. decrease in 18- -fluorodeoxyglucose (18-FDG) uptake
by positron emission tomography (PET) scanning), additional patients with the same
~disease could have been enrolled into the study in order to enable adequate evaluation of
imatinib effects:

6.1.4

Efficacy Findings

Study B2225 investigators are listed in Table 8

Table 8: B222S Investigators

.

City, State

NDA 21-5885-014
Martin H. Cohen, M.D.
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Center | Principal Investigator Study Facility Country
101 Prof. Allan Van UZ Gasthuisberg diénst oncologie Leuven Belgium
Oosterom 4 -
201 - Prof. Jane Apperley Hammersmlth Hospltals Dept of London .United
. Prof. John Goldman Hematology . Kingdom
301 Dr. Luca Gianni- Istituto Nazionale Tumori Milano Italy .
401 Dr. Jaap Verweij Rotterdam Cancer Institute Rotterdam | Netherlands
501 | Dr. George Demetri Harvard Medical School Boston, MA USA
503 Dr. Bart Barlogie . | University of Arkansas Little Rock, AR usa
504 ° - | Dr. Michael Heinrich - Oregon Health Sciences Univ Portland OR USA
505 Dr. Robert Shepard UVA Health System Charlottesville USA
' ' ' . VA ‘ .
601 Prof. Heikki Joensuu”_ | Helsinki University Central Hospital | Helsinki Finland

—;i% N
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701 Dr. Denis Soulieres Ceatre Hospitalier Umversntalre de Montreal

Canada
. Montreal | (Quebec) ,
702 Dr. Hal Hirte Hamilton Regnonal Cancer Centre Hamilton Ontario { Canada
' McMaster University Medical Centre ‘ ' .
801 Dr. Richard Herrman Unikliniken Kantonsspital Basel “Basel Switzerland
901 Dr. Grant McArthur Peter MacCallum Cancer Institute Melboume Australia

Demographics for Study B2225 SM patients are summanzed in Table 9. No cytogenetlcs

information was obtained for these patients.

Table 9: ‘Demographics Characteristics — Study B2225, SM patients

Demographic vanable Total (N = 5)
Sex —n (%) ’ Male - 4(80.0)
o ol Female 1 (20.0)
Race —n (%) ~ Caucasian 5 (100)
Agegroups-n (%) | = <65 years 2 (40.0)
> 65 years 3(60.0)
Age (years) Mean (£SD) 65.0 (10.02)
. : ' Range 49 -174

Among the 5 patients with SM in study 2225 there were 1 PR, 1 SD and 3 unknown
responses (Table 10). Time to progression is summarized in Table 11. The median
duration of therapy for the 5 patients was 13 months with a range of 43 to 680 days.

Table 10: Best overall responses — Study B2225 SM patlents

Best response n - Y%
Partial response (PR) 1 20.0

Stable Disease (SD) 1 20.0
Unknown 3 - 60.0

Table 11: SM - Best response and duration 'p'atients “

Country/Center/  Best response Time to

Duration of

Subject : : progression (days) response
GBR/201/162 - PR _ 680+ 127
GBR/201/165 - UNK 1+

GBR/201/174 CUNK* 402

‘USA/501/118 UNK i+

AUS/901/125 SD 170+

| PR = Partial response, SD = Stable disease, UNK = unknown.

* Best response required that responses be accurately coded on.two successful
| visits for confirmation. Otherwise it is listed officially as “Unknown”. This patient
| was felt by the investigator to have responded and was kept on therapy

" NDA21-5885-014 E ' 22
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Résponse and response duraﬁonof literature SM patients is described in Table 12.

Table 12: Literature SM Patients-Characteristics, Response and Response Duration

.S

Nof - Sex Age MCD type _Mutation Chic-2 Daily Dose | Response | Response
pts o detected deletion (mg T duration (mo)
1 Pardanani, et al (2003a) and Pardanani, et al (2003b) ) ) :
12 M 46 SM-eos FIPILt Yes 100 Complete 10+
M 31 SM-eos FIPIL1 “Yes 400 — 100 | Complete 19+
M 72 SM-eos FIPIL1 Yes 100 Complete 1+
F 78 SM-eos | D816V . No 100 — 400 None
F 85 SM-eos D816V No 100 — 400 None
JFo 45 SM None ND 100 - Partial - 105+
M 70 SM None ND 400 " Partial B+
M 6l SM None ND NR PD
NR NR SM None ND NR None NR
NR NR SM None ND | 100 —400 Partial - NR
NR NR SM None ND 100 — 400 Partial NR
, NR NR - SM . None ND . NR None
Pottier, et al (2003)- _ S
1 M 32 | SMeos | ND | 400 | Complete | 6+
Akin et al (2004) o ’ . .
it F 25 I SM ] Phe522Cy l ND | 400 l Partial | T+

Elliott, et al (2004) .

L M 30 | SMweos | FIPILL | ND [ 400100 | Complete | 19+
Hennessy, et al (2004) L ' - -
{3 F 64 . SM " ND ND - NR None A NR
F 42 SM ND | ND 400 | Partial - NR : -
M 80 SM |- ND ND 200 |- Partial NR | %
Musto, et al (2004) : . - i
11 M 33 [ sM [ Dsiev | ND | 400 | pD |
‘Pardanani, et al (2004a) ]
7 M 46* SM-eos - FIPIL1 |. Yes 100 Complete - | 18+
M 30* SM-eos | FIPILE Yes 109+ -} Complete | 28+
M 72% SM-eos . FIPIL1 Yes . 100 | Complete |- -9+
M 49 SM-eos . FIPIL1 Yes 100 Complete 5+
M 5i - SM-eos | FIPILL- Yes 100 Complete o Ar
M 50 " SM-eos | FIPILI Yes 100 | Complete |- = 30+
M 26 SM-eos FIPILI Yes 100 | Complete 7+
‘Agis, et al (2005) o ' ' ' ,
1 F 43 | sM | D8I6V | | 400 | Complete | NR_
Zhang, et al (2005) . o - : o ‘ :
1. F 46 | SM - ] K509 | A | 400, ] Patial |  NR_

NR Not recorded; ND not done; PD = progressive disease; SM = systemic. mastocyt051s SM-
~eos = SM with eosinophilia; FIP1L1 = FIP1L1/PDGFRa fusion

* These patients likely were prev1ously reported by Pardanani, et al (2003a) based on patient age
and enrollment data. Additional response duration is provided in this publication.
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Table 13 presents a summary of cytogenetic abnormalities and treatment response.

Table 13: Cytogenetic Abnormalities and Treatment Response

' Cytogenetic Number of Best Response Duration (months at
Abnormality Patients time of reports)
FIPLLI-PDGFRa fusion kinase ’

(or CHIC?2 deletion) L .
Elliott, et al (2004) B | 1 Complete , 19+
Pardanani, et al (2003a) 3 _ : 3 Complete - 10+, 19+, 1+

Pardanani, et al (2004a) 4 4 Complete 5+, 44,30+, 7+
Total , - 8 8 Complete ' ‘
Juxtamembrane mutation : ‘ : »

Zhang, et al (2005) 1 _ ! Partial - ) 24+ .
Akin, et al (2004) | » -1 Partial 7+
Total 2 - 2 Partial '
D816V mutation ' _ _
Pardanani; et al (2003b) 2 None . NA
o : o None - , NA -
Musto, et al (2004) { None ‘ NA
Agis, et al (2005) 1** "1 Complete S 18+

Total ’ - 4 : 1 CR
Unknown or no cytogenetic ' B
abnormality detected

Pardanani, et al (2003b) 7 - 4 Partial .~ . ' 10+, 8+
' _1None 11 weeks
1 Unknown - NA
1 Death unrelated to study drug 10 days
Hennessy, et al (2004) 3 2 Partial NA
' , : . : _ 1 None - © NA-
Pottier, et al (2003) 1 1'Complete - - : 6t
Novartis B2225 _ 5 1 Partial
' - 1 Stable disease
. . .‘ . o ST 3 Unknown**¥ &~
Total . . ' e 16 . 1CR, 7PR, 1SD
“Overall Total 30 10 Complete, 9 Partial .

** After 6 months of therapy the patient was in complete cytogenetic remission. *** Best response
- required that responses be accurately coded on two successive visits for confirmation. Otherwise it

was listed officially as “Unknown”. One patient with “Unknown” as Best Response was felt by the

investigator to have had PR and was kept on therapy. '

All eight SM patients with the FIP1L1-PDGFRa fusion kinase detected either by direct

RTPCR mutational analysis or by FISH-based detection of the CHIC2 locus deletion (as

a surrogate for the presence of the fusion kinase) achieved sustained CR or PR with
imatinib therapy for up-to 30+ months. Likewise, the detection of an activating kinase
mutation in the juxtamembranous “control” region of the tyrosine kinase is also a good
predictor of a beneficial response to imatinib therapy. The 2 patients with ~
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juxtamembranous mutations in the published literature had sustained PR for up to 24+
months. When detected, patients with FIP1L1-PDGFRao fusion kinase or
juxtamembranous mutations exhibited a 100% response rate to imatinib, with response .

_durations of 1+ to 30+ months. Sixteen patients out of 30 had unknown or no detected
cytogenetic abnormality. Of these patients, 8 (50%) achieved sustained response for up to
10+ months.

Literature SM patients are summarized below:

Pardanani, et al (2003a): Responses to imatinib were assessable in 10 out of 12 p_aﬁents
with mast cell disease (MCD). Imatinib was given at dose of 100-400 mg/day to 12
patients with MCD. Patients not responding to lower imatinib doses were eventually all -
treated with 400 mg/day. Five patients (one indolent and four with aggressive disease)
had associated eosinophilia (eosinophils > 1500/uL). Three of these five patients,
negative for Asp816Val mutation, had striking response on 100 mg/day imatinib within .
few days and CCR within 12 weeks. The patients were maintained at 100 mg/day
imatinib. Two patients with elevated eosinophil count were refractory to imatinib at 400
mg/day both were ¢-Kit Asp816Val positive. The seven MCD patients not associated
with peripheral blood eosinophilia were all c-Kit Asp816Val-negative. At 6 months
- follow-up, two patients with aggressive MCD (refractory to 2-chlorodeoxyadeosine
chemotherapy or interferon-o) had important mast-cell cytoreduction when-treated with
100 mg/day or 400 mg/day, respectively; two other patients with indolent MCD with
predominantly cutaneous manifestations had complete CCR and CHR. These results’
suggest that imatinib either inhibits the growth-promoting role of wild type ¢-Kit, or
‘targets an unknown oncogenic tyrosine kinase. ‘

Pardanani, et al (2003b): This was a new publication on five patients already described in
the earlier Pardanani, et al (2003a). In this report the patients were examined for the
presence of the FIP1L1 fusion to the PDGFRa gene (FIP1L1-PDGFRa). Additionally,
this fusion gene was detected by a FISH test identifying the chromosome deletion at
CHIC? that results in the fusion kinase formation. The three patients who had SM-eos .
and who had responded to imatinib tliérapy with completé clinical and hematological
responses all showed a loss of one of the CHIC2 alleles by one color FISH testing of

interphases, thus confirming the presence of the FIP1L1 -PDGRFo. The other two patlents ’

had the D816V mutation, lacked CHIC? allele lpss and did not respond to imatinib..

Pottier, et al (2003): Described a 32 year old male patient diagnosed with an idiopathic
HES associated with cutaneous mastocytosis. After failure of interferon-a and
- hydroxyurea therapy, CCR and CHR were induced within 3 weeks by imatinib treatment

at 400 mg/day. The urticaria plgmentosa lesions per51sted The patient was contmumg on -

therapy improved after six months.

Akin, et al (2004): Déscribed a 25 year old female patient with SM with c-Kit Phe522Cys
mutation. After non-response to treatment with interferon-a, imatinib was initiated at
NDA 21-588S-014 25
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increasing does up t0.400 mg/day. Bone marrow analysis after 2 months of treatment
revealed a notable reduction on the extent of bone marrow mast cell infiltration. Serum
tryptase levels decreased from 173 ng/mL to 115 ng/mL after 4 doses of 100 mg/day
imatinib, and to 21.5 ng/mL after approximately 3.5 months on 400 mg/day; they
remained at 20 ng/mL as of 7 months on treatment. '

Elliott, et al (2004) described a patient with SM-eos. A 30 year old male patient presented
with a 5 month history of fatigue, fever, night sweats and a 20 kg weight loss. He was
found to have splenomegaly, anemia and leukdcytosi_s with 16% eosinophils. Screening
for cardiac disease was negative. A prolonged course of hydroxyurea led to profound
pancytopenia and transfer to another hospital. Bone marrow examination showed
hypercellularity and aggregates of c-Kit (CD1 17) and tryptase positive atypical mast
cells. Flow cytometry revealed coexpression of CD117 and CD25, but not CD2. PCR
analyses for c-Kit mutations were negative for D816V and V459G. The patient was
treated with interferon-a, but did not improve. Imatinib was begun at 400 mg/day.

. Leukocyte counts improved within two days with normalization of the leukocyte and
eosinophil counts within 5 days. After one week of therapy the imatinib dose was
reduced.to 100 mg/day. By six weeks the patient was in a complete clinical remission. At
three months a bone marrow examination was performed and was normal. The patient
had remained in complete remission for 19 months at the time of the report and continued-
to receive imatinib. Archival tissue revealed the presence of FIP1L1- PDGFRa mutation.

Hennessy, et al (2004): summarized the MD Anderson experience for patients with SM
coming to their institution from 1944-2002. Eighteen cases were identified with the
authors noting that mastocytosis had not been traditionally classified as a malignancy and
that MD Anderson is not a reputed center for its treatment. Three of these patients :
received imatinib at some point-during their treatments and two of the three patients were
reported to have responded, but the completeness and duration of the responses were not
reported. The authors did note that none of these patients had associated eosinophilia.

Musto, et al (2004): Described a 33 year old male patient with a 3-year history of
aggressive, sporadic SM treated with imatinib at 400 mg/day. After 16 weeks of therapy,
neither improvement of the clinical symptoms nor reduc_tion of mastocytic infiltration
was observed, and the treatment was stopped. Later retrospective analysis of archival
tissue revealed the presence of the c-Kit D816V mutation. '

Pardanani, et al (2004a): the authors further expanded their investigations by identifying
‘89 consecutive patients, either prospectively or retrospectively, who had the database
string of “eosinophilia”, “hypereosinophilic syndrome”, “eosinophilic leukemia” or “mast
cell disease”. Following central re-review of histories and diagnostic material the cases
were classified into “HES (57 patients, 64%)”, “systemic mast cell disease with
associated eosinophilia (SMCD-eos) (19 patients, 21%)”, “chronic eosinophilic syndrome
(5 patients, 6%)” and “reactive eosinophilia (8 patients, 9%)”. Ten of the patients with
SMCD-eos had CHIC2 deletion and seven of these patients received imatinib at a dose of
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100 mg/day. All expenenced a complete clinical and hematologxcal remission rapldly and
all were in continuing response and therapy at the time of the report. The authors also
pointed out that the mast cell infiltrations of the bone marrow in patients with CHIC2
deletions tended to be more diffuse with only small aggregates (10 to 30 cells) of tryptase
positive mast cells. Of the 9 patients in the'series who had SMCD-eos but did not show

- the CHIC2 deletion, three carried the D816V mutation. Five of these patients with

~ SMCD-eos and no CHIC2 deletion detected received imatinib, but nione were repdrted to

- respond (the mix of D816V mutations in this group is not reported). Interestingly, all 10
patients with SMCD-eos and a CHIC2 deletion were males, whereas 6 of 9 patients with
no CHIC2 deletion were females. In this publication the sponsor was able to identify 7

-additional patients with SMCD-eos and CHIC2 'deletion that had previously been
reported by the authors (matched by reported age and date of diagnosis), but we were
unable to tell whether the SMCD-eds without CHIC?2 deletions were represented by
earlier case reports or not. We surmise that two of these seven. patients were previously
reported and that three of these total patients received imatinib without response. |

Agis, et al (2005): Reported a 43 year old female patient with typical Ph+ CML in whom
a co-existing bone marrow mastocytosis, a special variant of SM, was diagnosed. The
marrow demonstrated positive staining for tryptase in the mast cells and the spindle
shaped cells in the marrow were immunoreactive for CD117 and CD25. c-Kit point
mutational analysis using microdissected cells from the bone marrow. PCR analysis of
the microdissected mast cells showed the presence of the D816V mutation. The patlent
was begun on imatinib at 400 mg/day. After six months of therapy the patient was in
complete cytogenetic remission as well as had cleared her bone marrow of mast cell
infiltrates. After 18 months of therapy the patient remained in complete remlssmn of both
diseases and had a normal serum tryptase level.

Zhang, etal (2005) Reported a case of familial mastocytosis without D816V mutation
but where a novel K5091 mutation in exon 9 was present. The mother, age 26, developed
worsening symptoms. Her bone marrow WBCs were sensitive to imatinib in vitro and the
patient was subsequently statted on imatinib at a dose of 400 mg/day. Her liver function
lmproved with a drop in ALT, alkahne phosphatase and yGT levels. Her liver reduced in
size from 10 to 6 cm below the costal margin.

Secondary efficacy results

The secondary end-point evaluated for efficacy was the ECOG status. In the-overall

- population, the ECOG performance status worsened at study end in most of the patients,
whichis to be expected considering that the majority of the patients left the study because
of unsatisfactory results. corresponding fo progressive disease in most cases. The ECOG

- performance status for the SM population is not different to that of the overall population,
but the small number of patlents prevents from performing m—depth analysis.

- 6.1.5. Chmcal_Mlcroblology
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Not applicable
6.1.6 Efficacy Conclusions

One uncontrolled study (B2225) enrolling 5 patients and ten publications including 25
SM patients (23 aggressive SM) support the efficacy claim. Eight out of the 28 patients
~with aggressive SM (30%) experienced a complete hematological response. In Study -
B2225 one patient had a confirmed partial response, a second patient had an unconfirmed
partial response, and one further patient experienced stable disease as best overall

- response. In the published literature, eight patients experienced a partial response.
Overall, counting confirmed complete and partial responders, imatinib induced a
hematological response in 17 out of 28 patients (61%). In addition to improvement in
hematologic and bone marrow abnormalities there were also improvements in
symptomatology and other organ dysfunction abnormalities.

Cytogenetic abnormalities were evaluated in20 of the 23 patients with aggressive SM
treated in the published reports. Seven out of these 20 patients had FIP1L1 -PDGFRao
fusion kinase, as determined either by actual mutational analysis showing FIP1L1-
PDGFRa fusion kinase or by a CHIC? allele deletion detected by FISH methodology
implying presence of the FIP1L.1-PDGFRa fusion kinase. Patients with this cytogenetic
abnormality are most likely to be males and to have eosinophilia associated with their
SMCD. Two patients showed a c-Kit mutation in the juxtamembrané region (one
Phe522Cys and one K5_09I‘). ‘Patients that harbor the D816V mutation of ‘c-Kit are not
sensitive to imatinib. All 7 patients with the FIP1L1-PDGFR« fusion kinase had a CHR.

7.0 INTEGRATED REVIEW OF SAFETY
7.1 Methods And Findings -

Safety assessments consist of evaluating adverse events and serious adverse events,
laboratory parameters including hematology and chemistty, vital signs, physical
examinations, and documentation of all concomitant medications and/or therapies.

Information about all adverse events, whether volunteered by the patient, discovered by
investigator questioning, or detected through physical exarnination, laboratory test or
other means, were collected and recorded on the Adverse Event Case Report Form and
followed as appropriate. ' '

Medical conditions/diseases present before starting study treatment are only considered
- adverse events if they worsened after starting study treatment. Clinical events occurring
before starting study treatment but after signing the informed consent form were recorded
~on the Medical History/Current Medical Conditions Case Report Form only if the patient
received study treatment. Abnormal laboratory values or test results constituted adverse
events only if they induced clinical signs or symptoms or required therapy, when they
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were recorded on the Adverse Events Case Report Form under the srgns symptoms or
diagnosis associated with them.

Any Adverse Event occurring after the study completion and within four weeks of last
drug intake was recorded on the Adverse Event CRF page.

Information about all serious adverse events was collected and recorded on the Serious

Adverse Event Report Form. To ensure patient safety each serious adverse event must

also had to be reported to Novartis within 24-hours of learning of its occurrence. A |

serious adverse event is defined in general as an untoward (unfavorable) event which:

1. is fatal or life-threatening, - :

2. required or prolonged hospitalization,

3. was significantly or permanently disabling or incapacitating,

4. constitutes a congenital anomaly or a birth defect, :

5. may jeopardize the patient and may require medical or surgical intervention to prevent
* one of the outcomes listed above.

Any pregnancy or fathering the child during the study wrll be considered as an SAE for

the purpose of study reporting. ~

Events not considered serious are hospitalizations occurring under the following
circumstances: planned before entry into the clinical study; for elective treatment of a
preexisting hospitalization (unless fulfilling the criteria above); routine treatment or
monitoring of the study indication and not associated with any deterioration in condition.

Any SAE oceurring within four weeks after completion of the study has to be reported
and recorded. In addition any pregnancy within 84 days (12 Weeks 3 months) after the
last STI571 intake has to be reported and recorded as an SAE.

The institution performed laboratory analyses according to the Visit Schedules.
At any time during the study, abnormal laboratory parameters which are clinically

relevant (e.g. require dose modification and/or i'nterruptiogr of study drug, lead to clinical .
symptoms or signs or require therapeutic intervention), whether specifically requested in -

the protocol or not, must be recorded on the appropriate comment CRF page in addition’
~ to the appropriate laboratory CRF page. When abnormal laboratory values or test results -

constitute-an adverse event (i.e., induces clinical signs/symptoms or requires: therapy)

they must be recorded on the Adverse Events CRF. AE’s are summarized in Table 14.

¢
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Table 14: Adverse events regardless of study drug relationship

SM patieﬁts_ N=5. ,
Preferred term ' - n (%)
Diarrhea . S 4(80.0)
Nausea 4(80.0)
Ascites i 3 (60.0)
Dyspnea ' ' 3 (60.0)
Muscle cramp B 3.(60.0) -
| Fatigue . ' -2 (40.0)
Edema peripheral ' 2 (40.0)
Anemia . 2 (40.0)
Pruritus S 2 (40.0)
Rash ‘ ' 2 (40.0) .
Lower respiratory tract - S 2'(40.0)
infection : ' '

7.11 Deaths

~ One patient with SM died on study, patient 201/165, a 73 year old malé, who died of
unknown causes. '

7.1.2 Other Serious Adverse Events
One SM patient 501/118 developed a grade 4 splenic infarction on-day 42.
7.1.3 Dropouts and Other Significant Adverse Events

In SM patients, there was only one instance of CTC grade 3 alkaline phosphatase -
increase. No SM patient was withdrawn from the study due to abnormal laboratory
values. R

7.1.4 Other Se_afch 'S'trategies:”-
None - -
7.1.5 | Common-Advérse Events‘
See Table 14 .

7._1 6 'Laborat‘or‘y Findings

See Table 14
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7.4.7 * Vital Signs

|
A4
A
g

No special analysis of vital signs were conducted in the trials presented in this report.

718 Electrocardio.grams (ECGs)

No ECGs were performed for the MDS study.

719 Immunogenicity
There is no new relevant information.
7.1.10 Human Carcinogenicity |
Tﬁere is no new relevant informatiqn.
7.1.11 Special Safety Studies
There is no new relg:vaht information.
7.1.12 Withdrawal Phenomena and/or Abuse PoAten-tiaI '
Gleevec has no kﬁown potential for ab}usev..
7.1.13 Human Reproduction and Pregnancy Daté

~ Because of the potential risks to the human fetus, women of child-bearing potential were
advised to avoid becoming pregnant and to use effective contraception during treatment. %
As of 31-Dec-2003, a total of 21 pregnancies had been reported among women
participating in clinical trials who had received imatinib for 5- 65 weeks. The pregnancies
were detected at 5- 22 weeks of gestation. The patients included 20 women with chronic
phase-CML (16 of whom had received imatinib 400 mg and one who had received 600
mg), and one patient in blast crisis who received imatinib 600 mg. OQutcomes were
~ available for all 21 pregnancies; 10 underwent therapeutic abortions, four had -
spontaneous abortions (including one at 18 weeks gestation) and seven proceeded to.term
-following discontinuation of imatinib. There was one delivery at 35 weeks. Among the
infants, 6 were normal (including the offspring of the patient in blast crisis who had
received imatinib for 30 weeks), and one had hypospadias. Imatinib is not genotoxic
though reduced spermatogenesis was. noted in animal studies, possibly due to inhibition
of c-kit in testicular tissues. Therefore, the sperm of male patients taking imatinib should
be genotyplcally normal, though low sperm counts are a possibility. Fifteen prégnancies
have been reported in partners of male CML patients taking imatinib. Therefore, the issue
of low sperm counts may not be chmcally relevant though it requires further study.
Among these 15 male patients, 11 were in chronic phase CML (all received imatinib 400
mg), 4 had accelerated CML (all received imatinib 600 mg). Outcomes were available for
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14 of the pregnancies; 10 pregnancies proceeded to term with delivery of normal infants
(1 of which had respiratory distress syndrome), one pregnancy is ongoing as of 3 I- Dec-
2003, there were 2 therapeutic abortions on social grounds, and 1 death in utero at 14
weeks followed by an induced abortion. :

7.1.15 Assessment of Effect on Growth
No data was reported.
7.1.16 Overdose Experience

Experience with doses greater than 800 mg is limiited. Isolated cases of Gleevec overdose

- have been reported. In these instances the highest dose ingested was 1600 mg/day for
several days. A patient with myeloid blast crisis inadvertently took Gleevec 1200 mg for
6 days and experienced Grade 1 elevations of serum creatinine, Grade 2 ascites and
elevated liver transaminase levels, and Grade 3 elevations of bilirubin. Therapy was ,
temporarily interrupted and there was complete reversal of all abnormalities within one
week. Treatment was resumed at a dose of 400 mg without recurrence of problems.
Another patient developed severe muscle cramps after taking 1,600 mg of Gleevec daily

for six days. Complete resolution of muscle cramps occurred following interruption of
therapy and treatment was subsequently resumed. Another patient took 400 mg three
times a day (1,200 mg) for two days. Therapy was intefrupted, no adverse events
occurred and the patient resumed therapy. '

7.1.17 Postmarketing Experience

The Post marketing experience with Gleevec has-been reviewed on an ongoing basis in 4% ,.
the following PSUR and the US Periodic Reports respectively: )
* PSUR 1 covering the period 10 May 2001-30 November 2001
* PSUR 2 covering the period 01 Dec 2001-31 May 2002
& PSUR 3 covering the period 01 June 2002- 30 Nov 2002
* PSUR 4 covering the peridd 01 Dec 2002 - 16°May 2004 -
* PSUR 5 covering the period 11 May 2003 - 10 May 2004
* PSUR 7 covering the period 11 May 2005 - 10 May 2006 :
¢ USPR Capsule formulation covering'thc period 10 Nov 2002 — 9 Feb. 2004
~ « USPR Tablet formulation covering the period 18 July 200314 May 2004

The Core Data Sheet (CDS) in effect at the beginning of the launch period is the Basic
Prescribing Information (BPI) dated 27 February 2001 amended on 23 October 2001, 26
June 2002 and 19 February 2003 (Hard Gelatin Capsule) and dated 19 November 2002
amended 19 February 2003 (Film Coated Tablets), which is used as reference for the
prescribing information in all countries where the product is marketed.
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The Basic Prescribing Information (BPI/CDS) and the US Package Insert (USPI) have
been updated to reflect the results discussed in these PSURs and USPRs. The most recent
version of the BPI dated February 2003 reflects the safety aspects of the drug except that
in the last PSUR, number 5, issued on 6 July 2004, the event of “Sweet’s Syndrome” was
proposed for inclusion to the BPI. '

In PSUR version 4 the following events were identified as requiring close monitoring:
myocardial infarction, angina pectoris, cardiomegaly/cardiomyopathy thrombo- cythemia

disseminated intravascular coagulation hemolytic anemia glucose metabolism disorders),

deafness/ hypoacusia-Raynaud’s phenomenon/intermittent claudication /ischemic
episodes Parkinson’s disease Sweet’s syndrome and rhabdomyolysis. Furthermore, the
following events were monitored at the request of the CPMP: Thrombosis /embolism), .
splenic rupture) and myopathy / myositis). Monitoring of cases of inflammatory bowel
disease, worsening of ulcerative colitis and Crohn’s disease), intestinal-ulcer, splenic
necrosis), suicide attempt), nephrolithiasis/renal colic, scleroderma, hepatic™

~ necrosis/cirrhosis, arthritis and pulmonary hypertension.- ‘

Based upon cumulative reviews-in PSUR version 5 it was recommended to continue to
monitor the following events: Myocardial infarction, angina pectoris, ‘
cardiomegaly/cardiomyopathy, thrombocythemia, disseminated intravascular
coagulation, Raynaud’s phénomenon/intermittent claudication /ischemic episodes,

- Parkinson’s disease, rhabddmyolysis, hemolytic anemia, glucose metabolism disorders,
deafness/hypoacusia, nephrolithiasis, myopathy/myositis, arthritis, inflammatory bowel
disease, worsening of ulcerative colitis and Crohn’s disease, intestinal ulcer, splenic

- necrosis, suicide attempt, splenic rupture, renal colic, scleroderma, hepatic - :
necrosis/cirrhosis and pulmonary hypertension will continue to be monitored. Sweet’s
syndrome was considered for inclusion in the Core Data Sheet.

In PSUR 7 and in a recent literature report congestive heart failure and left ventricular
dysfunction associated with Gleevec treatment were updated. A recent.article published
online i’ Nature Medicine (Kerkela R, Grazette L, Yacobi R et-al. Cardiotoxicity of the
cancer therapeutic agent imatinib mesylate. Nature Medicine; advance online publication
July 23rd. 2006) reported 10 Gleevec treated patients who developed severée congestive
heart failure and left ventricular dysfunction. Supplemental data available on the Nature
Medicine website show that prior to Gleevec treatment all 10 patients had New York
Heart functional class 1 and normal left ventricular ejection fractions. Some of these-

~ patients had pre-existing conditions including hypertension, diabetes and coronary artery
disease. In an abstract published in the Journal of Cardiac Failure (Iliescu C, Wamique
Yusuf S, Auerbach L, et al. Impact of angiotensin converting enzyme inhibitors & .

_ carvedilol on recovery of cardiac function in imatinib associated cardiomyopathy. Journal
of Cardiac Failure 2005; 40 No. 6 Suppl. Abstract 054. 9th Annual Scientific Meeting of
the Heart Failure Society of America, Sept 18-21st 2005) the authors stated that _
treatment with angiotensin converting enzyme inhibitors (ACE-I) and carvedilol resulted
in significant improvements in left ventricular ejection fraction (LVEF) and New York
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Heart Association (NYHA) Class. Three of these patients, when re-challenged, were
‘reported to have no further diminution of cardiac function.

The Nature Medicine article also reports on preclinical studies showing that Gleevec
treated mice develop left ventricular contractile dysfunction. Gleevec also induces cell

~ death in isolated cardiomyocytes. The authors hypothesize that development of cardiac
dysfunction is related to inhibition of the Abl receptor and may be a possibility with any
drug that targets the Abl receptor. ' ,

A thorough review of the sponsor’s safety database yielded 148 spontaneous cases of
cardiac events. The median age was 65 years. Of 1 17 patients with sufficient clinical
~information for analysis approximately 50% had a history of cardiovascular disease
before the onset of Gleevec treatment (mostly hypertension and ischemic heart disease),
~ 40% were on cardiac. medications and 8.5% experienced worsening of preexisting heart
- disease. : '

Thus heart failure is a recognized, potentially severe, but uncommon complication of
Gleevec therapy. Current information does not support routine screening and monitoring
of cardiac function in patients taking Gleevec. Any patients with known cardiac disease
or risk factors for cardiac failure should be monitored carefully, and any patient with
symptoms consistent with cardiac failure should be aggressively evaluated and treated.

7.2 Adequacy of Patient Expostre And Safety Assessments

7.2.1 Description of Primary Clinical Data Sources (Populations Exposed
and Extent of Exposure) Used to Evaluate Safety '

Patients with SM had a median e_Xposure of 13.0 months (max 22.3 months).

Intensity of exposure to study drug is shown in Table 15.

- Table 15: Intensity of exposure

Absolute Dose 'SM patients
Intensity (mg/day) [1] - N=5§
Mean+SD . - 214.2 £169.49
Median 155.9
Min-Max -~ = 19.6 —393.2

[1] Total dose over the course of the trial/total number of days in trial

- 1.2.2 Description of Secondary Clinical Déta Sources Used to Evaluate
- .- Safety - e o ' '

See literature review, Section 8.6 .
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7.2.3 Adequacy of Overall Clinical ‘Exp‘erience

An adequate number of subjects were studied.
Doses and durations of exposure were adequate to assess safety for the intended use.
Study design was adequate to answer critical questions.
Potential class effects were adequately evaluated. :
~ There were no study exclusions that limit the relevance of safety assessments..

7.24 Adequacy of Special Animal and/or ln Vitro Testing

No new information was provnded Animal and/or. In~V1tro Testmg was adequate based
on prev1ous submissions.

7.2.5 Adequacy of Routine Clinical Testing

Adequate

7.2.6 Adequacy of M'etabo‘lic. Clearance. ahd lnteraction Workup
Adequate

7.2.7 ‘Adequacy of Evaluatlon for Potential Adverse Events for Any New
Drug and Particularly for Drugs in the Class Represented by the New Drug;
Recommendations for Further Study

Evaluatlon for potential adverse events was adequate No new recommendatlons for
further study. ' ) _ . » )
V - £ SRS

7.2.8 Assessment of Quality 'ahd 'C_ompleteness of.Dat_a'
Data was of high quality and was complete. |

7.29 Additional Submissions. Including Safety Update
All relevant information was submitted. '

7.3 Summary Of Selected Drug- Related‘AdverseEvents._
Important Limitations Of Data And Conclusions '

_ Safety of imatinib has been best evaluated in phase I trials in CML. The majority of
CML patients experienced drug-related adverse events (AEs) at some time, but most
were mild to moderate in severity. Discontinuation for drug related AEs occurred in 2%,
of patients in chronic phase CML. Skin rash and elevated transaminases were the most
common reason for drug discontinuation (each in <1% of patients). The most frequently

- reported AEs were mild nausea, vomiting, diarrhea, superficial edema (pnmarlly
periorbital or lower limb), myalgxa and muscle cramps Grade 3/4 events occurring in .
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<4% of patients included fluid retention (pleural or pericardial effusions, ascites,.
. pulmonary edema), skin rash, liver toxicity and gastrointestinal (GI) hemorrhage.

' ~ Myelosuppression was a consistent finding across studies. Grade 3/4 neutropenia.and
thrombocytopenia were more frequent in CML patients in accelerated phase or blast
crisis patients than in chronic phase. In a randomized Phase III study in 1106 newly
diagnosed CML patients, Gleevec 400 mg daily has been compared to the combination of
IFN + Ara-C (study 0106). Gleevec associated myelosuppression was less frequent in this
study. Grade 3/4 neutropenia occurred in 33% and 12% of patients in studies 0110 and
0106, respectively, and grade 3/4 thrombocytopenia in 21% and 7% of patients. The
long-term follow-up (>2 years of exposure) has not significantly modified the safety
profile of Gleevec. The proportion of patients discontinuing treatment for adverse events
has increased only modestly (in newly diagnosed patients, this percentage increased from
2% to 3.1% with-an additional 18 months of follow-up). The frequency of grade 3 or 4
hematologic toxicity has also slightly increased in the two chronic phase trials 0110 and
0106. However, this has to be interpreted with caution as an increasing proportion of
patients had their dose increased from 400 to 600 or 800 mg daily per protocol. The data
indicate that the drug is well tolerated in the target population. : :

The currently reported AE’s in patients with SM are similar to the above known Gleevec
adverse effects. ' ' : .

7.4 General Methodology
7.4.1 Pooling Data Across Studies to Estimate and Compare Incidence’

Separate safety data was provided for each study. Because oti different Gleevec doses,
because of the small number of patients studied in each report and because of the large .
amount of safety data already available it was not felt to be worthwhile to pool safety
data. . ' '

. 7.4.2 Explorations for Predictive Factors -

Predictive factors including dose dependency, time dependehc'y, drug-demographic
interactions, and drug-disease interactions were not explored in the current study.

743 Cadsality'Déterminati"o;n

AE‘S ocecurring’ WithAGleevec,treatment likely represent the effect of the drug in the
population of patients with SM. :
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8.0 | ADDITIONAL CLINICAL ISSUES |

8.1 Dosing Regimen and Adrninistration

The recommended dosage of Gleevec (imatinib mesylate) is 100mg/day to 400 mg/day
for adult patients w1th SM

8.2 Drug-Drug Interactlons

Gleevec is a substrate for CYP3A4 1nd1cat1ng a'potential for decreased plasma levels
when administered concomltantly with inducers of this enzyme class. A loss of _
therapeutic efficacy can be anticipated when Gleevec is administered together with
inducers of this enzyme class. '

8.3 Special Populations

No new information is available.

8.4 Pediatrics

In accordance with 21 CFR 314.55 the sponsor requests a full waiver of the requlrements
for submission of data that are adequate to assess the safety and efficacy of Gleevec in
this population of pediatric patients. The basis for this waiver is 314.55¢(2)(ii): necessary
studies are impossible or highly impractical because the number of patients is so small. -

8.5 Advisory Committee Meeting

~ An ODAC meeting to dxscuss this application is not planned
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87 Postmarke’ung Risk Management Plan - ’“‘}

Based upon cumulative reviews in the most recent PSUR version S it was recommended
to continue to monitor the following events: Myocardial mfarctlon, angina pectoris,
cardiomegaly/cardiomyopathy, thrombocythemia, disseminated intravascular
coagulation, Raynaud’s phenomenon/mtermxttent claudication /ischemic episodes,
Parkinson’s disease, rhabdomyolysis, hemolytic anemia, glucose metabolism disorders, -
deafness/hypoacusia, nephrolithiasis, myopathy/myositis, arthritis, inflammatory bowel
disease, worsening of ulcerative colitis and Crohn’s disease, intestinal ulcer, splenic
necrosis, suicide attempt; splenic rupture, renal colic, scleroderma, hepatic
necrosis/cirrhosis and pulmonary hypertension will continue to be monitored. Sweet’s’
syndrome was considered for inclusion in the Core Data Sheet.

Based upon cumulative reviews in the most recent PSUR version 7 it was recommended
* to continue to monitor the following events: Congestlve heart failure and left ventrlcular
dysfunction. :

8.8 Other Relevant Materials

No new information is available.

9.0 OVERALL ASSESSMENT

9.1 Conclusions

The reviewer concurs with the sponsor's assessment of efficacy and safety of Gleevec in
the treatment of aggressive SM. ' :

9.2 Recommendation on Regulatory Action

The medical reviewer recommends that regular approval be granted for the following

_ indication:. “Gleevec is indicated for the treatment adult patients with aggressive
systemic mastocytosis without the D816V c-Kit mutation:er with cK'it mutational status
unknown”. Approval does not include patients with cutaneous mastocytosis, indolent systemic
mastocytosis (smoldering SM or isolated bone marrow mastocytosis), patients with SM and an
associated clonal hematological non- -mast cell lineage disease, mast cell leukemia, mast cell
sarcoma or extracutanéous mastocytoma. Patients that harbor the D816V mutatlon of-c-Kit
are not sensitive to Gleevec and should not recelve Gleevec.

Th'e rarity of occurrence of aggressive SM with absent c-Kit D816V mutation makes
randomized trials impractical. The number of patients suffering from smoldering and
aggressive SM in the USA is estimated to be 20,000, among which 8,000 are adults and
12,000 children. Kit D816V mutation is present in approximately 60% of the adults,
leaving 3000 adults without D816V mutation. Aggressive mastocytosis represents less
than 5% of adult cases or less than 150 patients.
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The Gleevec team is reviewing the proposed labeling update.

9.3 Recommendation On Postmarketing Actions

9.3.1 Risk Management Activity
Continue post-marketing surveillance

9.3.2 Required Phase 4 C_ommiﬁnents

No new commitments.

9.3.3 Other Phase 4 Reques.ts

Assure availability of a valiciated test kit for detection of the D816V c-kit rhutation: An

IDE or Pre-Market Application filing by Novartis or a 3% party should occur no later
than 4 months after Gleevec approval for this indication.

9.4 Labeling Review | ,
Label reviewed by DODP Gleevec team.

.' 9.5 Comments To Applicant

To expand the indication to indolent variants of SM randomized trial(s) will be necessary.

-10.0 APPENDICES

a7

- 10.1. Review Of Individual Study Reports

- . See clinical section

10.2 Line-By-Line Labeling Review

Done.
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Formulation

Gleevec® (imatinib miesylate) ﬁlm—coatéd tablets contain imatinib mesylate equivalent to
100 mg or 400 mg of imatinib free base. ' '

Dosing Regimen

For patients with HES/CEL the recommended dose of Gleevec is 400 mg/day. For
HES/CEL patients-with demonstrated FIP1L1-PDGFRaq fusion kinase, a starting dose of
100 mg/day is recommended. Dose increase from 100 mg to*400 mg for these patients -
may be considered in the absence of adverse drug reactions if assessments demonstrate
an insufficient response to therapy. '

The prescribed dose should be administered orally, with a meal and a large glass of
water. Doses of 400 mg or 600 mg should be administered once-daily, whereas a dose of
800 mg should be administered as 400 mg twice a day. 8

Indication(s)

Proposed Indication: Gleevec is indicated for the treatment of‘hypereosinophilic"f{)
~ syndrome (HES) and/or chronic eosinophilic leukemia (CEL). :

Other Indications: Gleevec® (imatinib mesylate) is indicated for the treatment of newly
diagnosed adult patients with Philadelphia chromosome positive chronic myeloid
leukemia (CML) in chronic phase. Follow-up is lim_ited.

Gleevec is also indicated for the treatment of patients with Philadelphia chromosome
positive chronic myeloid leukemia (CML) in blast crisis, accelerated phase, or in chronic-
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\ , _ ,
phase after failure of interferon-alpha therapy. Gleevec is also indicated for the treatment
of pediatric patients with Ph+ chronic phase CML whose disease has recurred after stem
cell transplant or who are resistant to interferon-alpha therapy. There are no controlled
trials in pediatric patients demonstrating a clinical benefit, such as improvement in
disease-related symptoms or increased survival.

Gleevec is also indicated for the treatment of patients with Kit (CD1.17) positive
unresectable and/or metastatic malignant gastrointestinal stromal tumors (GIST). The
effectiveness of Gleevec in GIST is based on objective response rate. There are no

controlled trials demonstrating a clinical beneﬁt such as improvement in disease-related

symptoms or increased survival.

Intended Population

See proposed indication.
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