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DACOGEN™ (DECITABINE) FOR INJECTION

DESCRIPTION

Dacogen™ (decitabine) for Injection contains decitabine (5-aza-2’-deoxycytydine), an analogue of the
natural nucleoside 2’-deoxycytidine. Decitabine is a fine, white to almost white powder with the
molecular formula of CgH;,N404 and a molecular weight of 228.21. Its chemical name is 4-amino-1 -(2-
deoxy-B-D-erythro-pentofuranosyl)-1,3,5-triazin-2(1H)-one and it has the following structural formula:
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Decitabine is slightly soluble in ethanol/water (50/50), methanol/water (50/50) and methanol; sparingly
soluble in water and soluble in dimethylsulfoxide (DMSO). .

Dacogen™ (decitabine) for Injection is a white to almost white sterile lyophilized powder supplied in a
clear colorless glass vial. Each 20 mL, single dose, glass vial contains 50 mg decitabine, 68 mg
monobasic potassium phosphate (potassium dihydrogen phosphate) and 11.6 mg sodium hydroxide.

CLINICAL PHARMACOLOGY
Mechanism of Action

Decitabine is believed to exert its antineoplastic effects after phosphorylation and direct incorporation
into DNA and inhibition of DNA methyltransferase, causing hypomethylation of DNA and cellular
differentiation or apoptosis. Decitabine inhibits DNA methylation in vitro, which is achieved at
concentrations that do not cause major suppression of DNA synthesis. Decitabine-induced
hypomethylation in neoplastic cells may restore normal function to genes that are critical for the control
of cellular differentiation and proliferation. In rapidly dividing cells, the cytotoxicity of decitabine may
also be attributed to the formation of covalent adducts between DNA methyltransferase and decitabine
incorporated into DNA. Non-proliferating cells are relatively insensitive to decitabine.

Pharmacokinetics .

No information is available on the pharmacokinetics of decitabine at the indicated dosage of 15 mg/mz.
Patients with advanced solid tumors received a 72-hour infusion of decitabine at 20 to 30 mg/m”/day.
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Decitabine pharmacokinetics were characterlzed by a biphasic disposition. The total body clearance
(mean + SD) was 124 + 19 L/hr/m’, and the terminal phase elimination half-life was 0.51 + 0.31 hr.
Plasma protein binding of decitabine is negligible (<1%).

The exact route of elimination and metabolic fate of decitabine is not known in humans. One of the
pathways of elimination of decitabine appears to be deamination by cytidine deaminase found
principally in the liver but also in granulocytes, 1ntest1nal epithelium and whole blood.

Special Populations
The effects of renal or hepatic impairment, gender, age or race on the-pharmacokinetics of decitabine
have not been studied.

Drug-Drug Interactions

Drug interaction studies with decitabine have not been conducted. In vitro studies in human liver
microsomes suggest that decitabine is unlikely to inhibit or induce cytochrome P450 enzymes. In vitro
metabolism studies have suggested that decitabine is not a substrate for the human liver cytochrome
P450 enzymes. As plasma protein binding of .decitabine is negligible (<1%), interactions due to
displacement of more highly protein bound drugs from plasma proteins are not expected.
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CLINICAL STUDIES
Phase 3 Trial

A randomized open-label, multicenter, controlled trial evaluated 170 adult patients with myelodysplastic
syndromes (MDS) meeting French-American-British (FAB) classification criteria and International
Prognostic Scoring System (IPSS) High-Risk, Intermediate-2 and Intermediate-1 prognostic scores.
Eighty-nine patients were randomized to Dacogen therapy plus supportive care (only 83 received |
Dacogen), and 81 to Supportive Care (SC) alone. Patients with Acute Myeloid Leukemia (AML) were
not intended to be included. Of the 170 patients included in the study, independent review (adjudicated
diagnosis) found that 12 patients (9 in the Dacogen arm and 3 in the SC arm) had the diagnosis of AML
at baseline. Baseline demographics and other patient characteristics in the Intent-to-Treat (TT)

Approved Labeling

population were similar between the 2 groups, as shown in Table 1.

5/2/2006

Table 1 Baseline Demographics and Other Patient Characteristics (TT)
Demographic or Other Patient Characteristic Dacogen Supportive Care
N=89 N=81
Age (years) :
Mean (+SD) 69+10 67+10
Median (IQR) 70 (65-76) 70 (62-74)
(Range: min-max) (31-85) (30-82)
Gender n (%)
Male 59 (66) 57 (70)
Female 30 (34) 24 (30)
Race n (%)
White 83 (93) 76 (94)
Black 4 (4) 2 (2)
Other 2 (2) 3 4)
Weeks Since MDS Diagnosis
Mean (£SD) ' 86+131 77119
Median (IQR) 29 (10-87) 35 (7-98)
(Range: min-max) (2-667) (2-865)
Previous MDS Therapy n (%)
Yes 27 (30) 19 (23)
No 62 (70) 62 (77)
RBC Transfusion Status n (%) '
Independent 23 (26) 27 (33)
Dependent 66 (74) 54 (67)
Platelet Transfusion Status n (%)
Independent ' 69 (78) 62 (77)
Dependent 20 (22) 19 (23)
IPSS Classification n (%)
Intermediate~1 283D 24 (30)
Intermediate-2 38 (43) 36 (44)
High Risk 23 (26) 21(26)

CONFIDENTIAL




53
54

55

56
57
58
59
60
61
62
63

64

65
66

MGI PHARMA, Inc. Approved Labeling

NDA: 21-790 Dacogen™ (decitabine) for Injection 5/2/2006

Table 1 Baseline Demographics and Other Patient Characteristics (Cont'd)
Demographic or Other Patient Characteristic Dacogen Supportive Care

N=89 N=81

FAB Classification n (%)
RA 12 (13) 12 (15)
RARS 7(8) 4 (5)
RAEB 47 (53) 43 (53)
RAEB-t 17 (19) 14 (17)
CMML 6(7) 8 (10)

Patients randomized to the Dacogen arm received Dacogen intravenously infused at a dose of 15 mg/m’
over a 3-hour period, every 8 hours, for 3 consecutive days. This cycle was repeated every 6 weeks,
depending on the patient’s clinical response and toxicity. Supportive care consisted of blood and blood
product transfusions, prophylactic antibiotics, and hematopoietic growth factors. Co-primary endpoints
of the study were overall response rate (complete response + partial response) and time to AML or
death. Responses were classified using the MDS International Working Group (IWG) criteria; patients
were required to be RBC and platelet transfusion independent during the time of response. Response

criteria are glven in Table 2:

Table 2 Response Criteria for Phase 3 Trial*
Complete Bone On repeat aspirates:
Response (CR) Marrow e < 5% myeloblasts
> 8 weeks ¢ No dysplastic changes
Peripheral | In all samples during response:
Blood » Hgb > 11g/dL (no transfusions or erythropoietin)

¢ ANC > 1500/pL (no growth factor)
* Platelets > 100,000/pL (no thrombopoietic agent)
» No blasts and no dysplasia

Partial
Response (PR)
> 8 weeks

Bone On repeat aspirates:
Marrow e > 50% decrease in blasts over pretreatment values
OR
¢ Improvement to a less advanced MDS FAB classification
Peripheral | Same as for CR
Blood

* Cheson BD, Bennett JM, et al. Report of an International Working Group to Standardize Response Crlter]a for MDS.

Blood. 2000; 96:3671-3674.
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The overall response rate (CR+PR) in the ITT population was 17% in Dacogen-treated patients and 0%
in the SC group (p<0.001). (See Table 3) The overall response rate was 21% (12/56) in Dacogen-
treated patients considered evaluable for response (i.e., those patients with pathologically confirmed
MDS at baseline who received at least 2 cycles of treatment) The median duration of response (range)
for patients who responded to Dacogen was 288 days (116-388) and median time to response (range)
was 93 days (55-272). All but one of the Dacogen-treated patients who responded did so by the fourth
cycle. Benefit was seen in an additional 13% of Dacogen-treated patients who had hematologic
improvement, defined as a response less than PR lasting at least 8 weeks, compared to 7% of SC
patients. Dacogen treatment did not significantly delay the median time to AML or death versus
supportive care.

Table 3 Analysis of Response (ITT)
_ Dacogen Supportive Care |
Parameter N=89 N=81
Overall Response Rate (CR+PR) * 15 17%)** 0(0%)
Complete Response (CR) " 8 (9%) 0 (0%)
Partial Response (PR) 7 (8%) v 0 (0%)
Duration of Response
Median time to (CR+PR) response 93 (55-272) NA
Days (range) :
Median Duration of (CR+PR) response : 288 ('1 16-388) NA
Days (range)

** p-value <0.001 frt)m two-sided Fisher’s Exact Test coinparing Dacogen vs. Supportive Care.

"In the co-primary endpoint model, a p-value of < 0.024 was required to achieve statistical significance.

All patients with a CR or PR were RBC and platelet transfusion independent in the absence of growth
factors.

Responses occurred in patients with an adjudicated baseline diagnosis of AML.

- Phase 2 Studies

Two additional open-label, single-arm, multicenter studies in Europe were conducted to evaluate the
safety and efficacy of Dacogen in MDS patients with any of the FAB subtypes. Dacogen was
intravenously infused at a dose of 15 mg/m” over a 4-hour period, every 8 hours, on days 1, 2 and 3 of
week 1 every 6 weeks (1 cycle). The results of the Phase 2 studies were consistent with the results of
the Phase 3 trial with overall response rates of 26% (N=66) and 24% (N=98).
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INDICATIONS AND USAGE

Dacogén 1s indicated for treatment of patients with myelodysplastic syndromes (MDS) including
previously treated and untreated, de novo and secondary MDS of all French-American-British subtypes
(refractory anemia, refractory anemia with ringed sideroblasts, refractory anemia with excess blasts,
refractory anemia with excess blasts in transformation, and chronic myelomonocytic leukemia) and
intermediate-1, intermediate-2, and high-risk International Prognostic Scoring System groups.

CONTRAINDICATIONS

Dacogen is contraindicated in patients with a known hypersensitivity to decitabine.

WARNINGS
Pregnancy — Teratogenic effects: Pregnancy Category D

Dacogen may cause fetal harm when administered to a pregnant woman. The developmental toxicity of

“decitabine was examined in mice exposed to single IP (intraperitoneal) injections (0, 0.9 and 3.0 mg/m?,

approximately 2% and 7% of the recommended daily clinical dose, respectively) over gestation days 8,
9, 10 or 11. No maternal toxicity was observed but reduced fetal survival was observed after treatment
at 3 mg/m’ and decreased fetal weight was observed at both dose levels. The 3 mg/m’ dose elicited
characteristic fetal defects for each treatment day, including supernumerary ribs (both dose levels), fused
vertebrae and ribs, cleft palate, vertebral defects, hind-limb defects and digital defects of fore- and hind-
limbs. In rats given a single IP injection of 2.4, 3.6 or 6 mg/m” (approximately 5, 8 or 13% the daily
recommended clinical dose, respectively) on gestation days 9-12, no maternal toxicity was observed.
No live fetuses were seen at any dose when decitabine was injected on gestation day 9. A significant
decrease in fetal survival and reduced fetal weight at doses greater than 3.6 mg/m” was seen when

decitabine was given on gestation day 10. Increased incidences of vertebral and rib anomalies were seen

at all dose levels, and induction of exophthalmia, exencephaly, and cleft palate were observed at 6.0
mg/m’. Increased incidence of foredigit defects was seen in fetuses at doses greater than 3.6 mg/m’.
Reduced size and ossification of long bones of the fore-limb and hind-limb were noted at 6.0 mg/m”.

There are no adequate and well-controlled studies in pregnant women using Dacogen. Women of
childbearing potential should be advised to avoid becoming pregnant while receiving treatment with
Dacogen. If this drug is used during pregnancy, or if the patient becomes pregnant while taking this
drug, the patient should be apprised of the potential hazard to the fetus.

Use in Males

Men should be advised not to father a child while receiving treatment with Dacogen. and for 2 months
afterwards. (See PRECAUTIONS: Carcinogenesis, Mutagenesis, and lmpairment of Fertility for
discussion of pre-mating effects of decitabine exposure on male fertility and embryonic viability.)

CONFIDENTIAL



121
122

123
124
125
126
127
128
129
130

131
132
133
134
135

136

137
138
139
140
141
142
143
144

145
146

147
148
149

150
151

152
153

154
155

156

MGI PHARMA, Inc. Approved Labeling
NDA: 21-790 Dacogen™ (decitabine) for Injection 5/2/2006

PRECAUTIONS
General

Treatment with Dacogen is associated with neutropenia and thrombocytopenia. Complete blood and
platelet counts should be performed as needed to monitor response and toxicity, but at a minimum, prior
to each dosing cycle. After administration of the recommended dosage for the first cycle, dosage for
subsequent cycles should be adjusted as described in DOSAGE AND ADMINISTRATION. Clinicians
should consider the need for early institution of growth factors and/or antimicrobial agents for the
prevention or treatment of infections in patients with MDS. Myelosuppression and worsening
neutropenia may occur more frequently in the first or second treatment cycles, and may not necessarily
indicate progression of underlying MDS. :

There are no data on the use of Dacogen in patients with renal or hepatic dysfunction; therefore,
Dacogen should be used with caution in these patients. While metabolism 1s extensive, the cytochrome
P450 system does not appear to be involved. In clinical trials, Dacogen was not administered to patients
with serum creatinine > 2.0 mg/dL, transaminase greater than 2 times normal, or serum bilirubin > 1.5
mg/dL. '

Information for Patients

Patients should inform their physician about any underlying liver or kidney disease.

Women of childbearing potential should be advised to avoid becoming pregnant while receiving
treatment with Dacogen.

Men should be advised not to father a child while receiving treatment with Dacogen, and for 2 months

afterwards.

Laboratory Tests

Complete blood counts and platelet counts should be performed as needed to monitor response and
toxicity, but at a minimum, prior to each cycle. Liver chemistries and serum creatinine should be
obtained prior to initiation of treatment.

Drug-Drug Interactions

No formal assessments of drug-drug interactions between decitabine and other agents have been
conducted. (See CLINICAL PHARMACOLOGY )

Carcinogenesis, Mutagenesis, and Impairment of Fertility

No formal carcinogenicity evaluation of decitabine has been performed.
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The mutagenic potential of decitabine was tested in several in vitro and in vivo systems. Decitabine
increased mutation frequency in L5178Y mouse lymphoma cells, and mutations were produced in an
Escherichia coli lac-1 transgene in colonic DNA of decitabine-treated mice. Decitabine caused
chromosomal rearrangements in larvae of fruit flies.

The effect of decitabine on postnata] development and reproductive capacity was evaluated in mice
administered a single 3 mg/m” IP injection (approximately 7% the recommended daily clinical dose) on
day 10 of gestation. Body weights of males and females exposed in wutero to decitabine were
significantly reduced relative to controls at all postnatal time points. No consistent effect on fertility
was seen when female mice exposed in utero were mated to untreated males. Untreated females mated
to males exposed in utero showed decreased fertility at 3 and 5 months of age (36% and 0% pregnancy
rate, respectively). In male mice given IP injections of 0.15, 0.3 or 0.45 mg/m’ decitabine
(approximately 0.3% to 1% the recommended clinical dose) 3 times a week for 7 weeks, decitabine did
not affect survival, body weight gain or hematological measures (hemoglobin and WBC counts). Testes

'weights were reduced, abnormal hlstology was observed and significant decreases in sperm number

were found at doses > 0.3 mg/m”. In females mated to males dosed with > 0.3 mg/m’ decitabine,
pregnancy rate was reduced and preimplantation loss was significantly increased.

Pregnancy
Teratogenic Effects: Category D. See WARNINGS section

Nursing Mothers:

It is not known whether decitabine or its metabolites are excreted in human milk. Because many drugs
are excreted in human milk, and because of the potential for serious adverse reactions from Dacogen in
nursing infants, a decision should be made whether to discontinue the drug, taking into account the
mmportance of the drug to the mother.

Pediatric Use:

The safety and effectiveness in pediatric patients have not been established.

Geriatric Use:

Of the total number of patients exposed to Dacogen in the phase 3 study, 61 of 83 patients were age 65
and over, while 21 of 83 patients were age 75 and over. No overall differences in safety or effectiveness
were observed between these subjects and younger subjects, and other reported clinical experience has

8
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not identified differences in responses between the elderly and younger patients, but greater sensitivity
of some older individuals cannot be ruled out.

ADVERSE REACTIONS

Most Commonly Occurring Adverse Reactions: neutropenia, thrombocytopenia, anemia, fatigue,
pyrexia, nausea, cough, petechiae, constipation, diarrhea, and hyperglycemia.

Adverse Reactions Most Frequently (> 1%) Resulting in Clinical Intervention in the Phase 3 Trial
in the Dacogen Arm:

Discontinuation: thrombocytopenia, neutropenia, pneumonia, Mycobacterium avium complex infection,
cardio-respiratory arrest, increased blood bilirubin, intracranial hemorrhage, abnormal liver function
tests.

Dose Delayed: neutropenia, pulmonary edema, atrial fibrillation, central line infection, febrile
neutropenia.

Dose Reduced: neutropenia, thrombocytopenia, anemia, lethargy, edema, tachycardia, depression,
pharyngitis. '

Discussion of Adverse Reactions Information

Dacogen was studied in 2 single-arm Phase 2 studies (N = 66, N = 98) and 1 controlled Phase 3
(Supportive Care) study (N = 83 exposed to Dacogen). The data described below reflect exposure to
Dacogen in 83 patients in the Phase 3 MDS trial. In the Phase 3 trial, patients received 15 mg/m’
mtravenously every 8 hours for 3 days every 6 weeks. The median number of Dacogen cycles was 3
(range 0 t0 9). :

Table 4 presents all adverse events regardless of causality occurring in at least 5% of patients in the
Dacogen group and at a rate greater than supportive care.

CONFIDENTIAL
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223 Table4 Adverse Events Reported in >5% of Patients in the Dacogen Group and at a Rate
224 Greater than Supportive Care in Phase 3 MDS Trial

Dacogen Supportive Care
N =283 (%) N = 81 (%)

Blood and lymphatic system disorders

Neutropenia ‘ 75 (90) 58(72)

Thrombocytopenia 74 (89) 64 (79)

Anemia NOS 68 (82) 60 (74)

Febrile neutropenia 24 (29) 5(6)

Leukopenia NOS 23 (28) 11 (14)

Lymphadenopathy 10(12) 6(7)

Thrombocythemia 4(5) 1(1)
Cardiac disorders

Pulmonary edema NOS _ 5(6) 0 (0)

Eye disorders -

Vision blurred 5 (6) 0(0)

Gastrointestinal disorders

Nausea 35 (42) : 13 (16)
Constipation ) 29 (35) 11(14)
Diarrhea NOS 28 (34) 13 (16)
Vomiting NOS 21 (25) 7(9)
Abdominal pain NOS 12 (14) 5(6)
Oral mucosal petechiae 11(13) 4(5)
Stomatitis 10(12) 5(6)
Dyspepsia 10 (12) 1(1)
Ascites g (10) 2(2)
Gingival bleeding 7(8) 5(6)
Hemorrhoids 7(8) 3(4)
Loose stools 6(7) 3(4)
Tongue ulceration ' ' 6(7) 2(2)
Dysphagia 5(6) ’ 2(2)
Oral soft tissue disorder NOS 5(6) 1 (1)
Lip uiceration 4 (5) 3(4)
Abdominal distension 4 (5) 1(1)
Abdominal pain upper 4(5) 1(1)
Gastro-esophageal reflux disease 4 (5) 0(0)
Glossodynia : 4(5) 0(0)

General disorders and administrative site

disorders

10
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Dacogen Supportive Care
N =83 (%) N =81 (%)
Pyrexia 44 (53) 23 (28)
Edema peripheral 21 (25) 13(16)
Rigors 18 (22) 14 (17)
Edema NOS 15(18) 5(6)

. Pain NOS 11 (13) 5(6)
Lethargy 10 (12) 34
Tenderness NOS S9(n 0(0)
Fall 7(8) 34
Chest discomfort 6(7) 3(4)
Intermittent pyrexia 5(6) 34
Malaise 4(5) i)
Crepitations NOS 4(5) 1{D)
Catheter site erythema 4(5) 1 (1)
Catheter site pain 4(5) 0
Injection site swelling 4 (5) 0 (0)

Hepatobiliary Disorders
Hyperbilirubinemia 12 (14) 4(5)

Infections and Infestations
Pneumonia NOS 18 (22) 11(14)
Cellulitis 10(12) 6 (7
Candidal infection NOS §(10) 1(1)
Catheter related infection 7(8) 0(0)
Urinary tract infection NOS 6(7) 1(1)
Staphylococcal infection 6(7) 0(0)
Oral candidiasis 5(6) 2(2)
Sinusitis NOS 4(5) 2(2)
Bactererma 4 (5) 0 (0)

Injury, poisoning and procedural complications
Transfusion reaction 6 (7) 34
Abrasion NOS 4(5) 1 (D

Investigations
Cardiac murmur NOS 13 (16) 9(11)
Blood alkaline phosphatase NOS increased 9(11) 7(9)
Aspartate aminotransferase increased 8 (10) 7(9)
Blood urea increased 8 (10) ()
Blood lactate dehydrogenase increased 7(8) 5(6)
Blood albumin decreased 6(7) 0(0)
Blood bicarbonate increased 5 (6) (D)
Blood chloride decreased 5 (6) (D)
Protein total decreased 4 (5) 34
Blood bicarbonate decreased 4(5) (D)
Blood bilirubin decreased 4(5) 1 (D)

Metabolism and nutrition disorders
Hyperglycemia NOS 27 (33) 16 (20)
Hypoalbuminemia 20 (24) 14 (17)

11
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Dacogen Supportive Care
N =83 (%) N =81 (%)
Hypomagnesemia 20 (29) 6(7)
Hypokalemia 18 (22) 10 (12)
Hyponatremia 16 (19) 13 (16)
Appetite decreased NOS 13 (16) 12 (15)
Anorexia 13 (16) 8 (10)
Hyperkalemia 11(13) 3(4)
Dehydration 5 (6) 4(5)
Musculoskeletal and connective tissue disorders
Arthralgia 17 (20) 8 (10)
Pain in limb 16 (19) 8(10)
Back pain 14 (17) 5(6)
Chest wall pain 6(7) 1 ()
Musculoskeletal discomfort 5(6) 0(0)
Myalgia 4(5) (D
Nervous system disorders
Headache 23 (28) 11 (14)
Dizziness 15(18) 10 (12)
Hypoesthesia 9(11) 1 (1)
Psychiatric disorders
Insomnia 23 (28) 11 (14)
Confusional state 10 (12) 3(4)
Anxiety S 8(10)
Renal and urinary disorders
Dysuria 5(6) 34)
Urinary frequency 4(5) 1 (1)
Respiratory, thoracic and mediastinal disorders
Cough 33 (40) 25 (31
Pharyngitis 13 (16) 6(7)
Crackles lung 12 (14) 1(1)
Breath sounds decreased 8 (10) 7(9)
Hypoxia - 8(10) 4(5)
Rales 7(8) 2(2)
Postnasal drip 4(5) 2(2)
Skin and subecutaneous tissue disorders
Ecchymosis 18 (22) 12 (15)
Rash NOS 16 (19) 7(9)
12
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Dacogen Supportive Care
N =83 (%) N =281 (%)
Erythema _ 12 (14) 5(6)
Skin lesion NOS _ 91 3(4)
Pruritis ’ 9(11) 2(2)
Alopecia 7 (8) 1(1)
Urticaria NOS ' 5(6) 1(1)
Swelling face 5(6) 0(0)
Vascular disorders .
Petechiae 32 (39) 13 (16)
Pallor 19 (23) 10(12)
Hypotension NOS 5(6) 4¢5) .
Hematoma NOS 4(5) 3(4)

Discussion of Clinically Important Adverse Reactions:

In the Phase 3 trial, the highest incidence of Grade 3 or Grade 4 adverse events in the Dacogen arm
were neutropenia (87%), thrombocytopenia (85%), febrile neutropenia (23%) and leukopenia (22%).
Bone marrow suppression was the most frequent cause of dose reduction, delay and discontinuation.
Six patients had fatal events associated with their underlying disease and myelosuppression (anemia,
neutropenia, and thrombocytopenia) that were considered at least possibly related to drug treatment.
(See PRECAUTIONS). Of the 83 Dacogen-treated patients, 8 permanently discontinued therapy for
adverse events; compared to 1 of 81 patients in the supportive care arm. '

No overall difference in safety was detected between patients > 65 years of age and younger patients in
these myelodysplasia trials. No significant gender differences in safety or efficacy were detected.
Patients with renal or hepatic dysfunction were not studied. Insufficient numbers of non-white patients
were avatlable to draw conclusions in these clinical trials.

Serious Adverse Events that occurred in patients receiving Dacogen regardless of causality, not

_previously reported in Table 4 include:

Blood and Lymphatic System Disorders: myelosuppression, splenomegaly.

Cardiac Disorders:  myocardial infarction, congestive cardiac failure, cardio-respiratory arrest,
cardiomyopathy, atrial fibrillation, supraventricular tachycardia.

Gastrointestinal Disorders: gingival pain, upper gastrointestinal hemorrhage.

General Disorders and Administrative Site Conditions: chest pain, asthenia, mucosal inflammation,
catheter site hemorrhage.

Hepatobiliary Disorders: cholecystitis.

13
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~Infections and Infestations: fungal infection, sepsis, upper respiratory tract infection, bronchopulmonary

aspergillosis, peridiverticular abscess, respiratory tract infection, pseudomonal lung infection,
Mycobacterium avium complex infection. :

Injury, poisoning and procedural éomplications: post procedural pain, post procedural hemorrhage.
Nervous system disorders: intracranial hemorrhage.

Psychiatric Disorders: mental status changes.

Renal and Urinary Disorders: renal failure, urethral hemorrhage.

Respiratory, Thoracic and Mediastinal Disorders: dyspnea, hemoptysis, lung infiltration, pulmonary
embolism, respiratory arrest, pulmonary mass. ’

Allergic Reaction: Hypersensitivity (anaphylactic reaction) to Dacogen has been reported in a Phase 2
trial.

OVERDOSAGE

There is no known antidote for overdosage with Dacogen. Higher doses are -associated with increased
myelosuppression including prolonged neutropenia and thrombocytopenia.  Standard supportive
measures should be taken in the event of an overdose.

DOSAGE AND ADMINISTRATION
First Treatment Cycle .

The recommended Dacogen dose is 15 mg/m” administered by continuous intravenous infusion over 3
hours repeated every 8 hours for 3 days. Patients may be premedicated with standard anti-emetic
therapy. '

Subsequent Treatment Cycles

The above cycle should be repeated every 6 weeks. It is recommended that patients be treated for a
minimum of 4 cycles; however, a complete or partial response may take longer than 4 cycles. - Treatment
may be continued as long as the patient continues to benefit.

Dose Adjustment or Delay Based on Hematology Laboratory Values

If hematologic recovery (ANC > 1,000/uL and platelets > 50,000/pL) from a previous Dacogen
treatment cycle requires more than 6 weeks, then the next cycle of Dacogen therapy should be delayed
and dosing temporarily reduced by following this algorithm:

e Recovery requiring more than 6, but less than 8 weeks - Dacogen dosing to be delayed for up to
2 weeks and the dose temporarily reduced to 11 mg/m2 every 8 hours (33 mg/mz/day, 99
mg/mz/cycle) upon restarting therapy.
14
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e Recovery requiring more than 8, but less than 10 weeks - Patient should be assessed for disease
progression (by bone marrow aspirates); in the absence of progression, the Dacogen dose should
be delayed up to 2 more weeks and the dose reduced to 11 mg/m’ every 8 hours (33 mg/m*/day,
99 mg/m*/cycle) upon restarting therapy, then maintained or increased in subsequent cycles as
clinically indicated.

If any of the following non-hematologic toxicities are present, Dacogen treatment should not be
restarted until the toxicity is resolved: 1) serum creatinine > 2 mg/dL; 2) SGPT, total bilirubin > 2 times
ULN; and 3) active or uncontrolled infection.

Use in Geriatric Patients

Geriatric patients were generally dosed at the same level as younger adult patients. Dose adjustments
for toxicity should be conducted as specified for the general population.

Preparation of Dacogen

Dacogen is a cytotoxic drug and, as with other potentially toxic compounds, caution should be exercised

when handling and preparing Dacogen. Please refer to Handling and Disposal section.

Dacogen should be aseptically reconstituted with 10 mL of Sterile Water for Injection (USP); upon
reconstitution, each mL contains approximately 5.0 mg of decitabine at pH 6.7-7.3. Immediately after
reconstitution, the solution should be further diluted with 0.9% Sodium Chloride Injection, 5% Dextrose
Injection, or Lactated Ringer’s Injection to a final drug concentration of 0.1 - 1.0 mg/mL. Unless used
within 15 minutes of reconstitution, the diluted solution must be prepared using cold (2°C - 8°C)
infusion fluids and stored at 2°C - 8°C (36°F 46°F) for up to a maximum of 7 hours until administration.

HOW SUPPLIED

Dacogen™ (decitabine) for Injection is supplied ds a sterile lyophilized white to almost white powder, in
a single-dose vial, packaged in cartons of 1 vial. Each vial contains 50 mg of decitabine. (NDC 58063-
600-50).

Storage
Store vials at 25°C (77°F); excursions permitted to 15-30°C (59-86°F).

Stability

Unless used within 15 minutes of reconstitution, the diluted solution fnust be prepared using cold (2°C -

- 8°C) infusion fluids and stored at 2°C - 8°C (36°F - 46°F) for up to a maximum of 7 hours until

administration.

Handling and Disposal

Procedures for proper handling and disposal of antineoplastic drugs should be applied. Several
guidances on this subject have been published."® There is no ‘general agreement that all of the
procedures recommended in the guidelines are necessary or appropriate. '

15
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Division of Oncology Drug Products
Medical Team Leader’s Review

NDA: 21790

Sponsor; MGI Pharma

Drug Product: decitabine, Dacogen®
PDUFA Date: May 26, 2006
Summary:

This reviewer recommends approval of Dacogen (decitabine) for the treatment of
patients with myelodysplastic syndrome for all French-British-American (FAB)
classifications and intermediate-1, intermediate-2, and high risk populations
according to the International Prognostic Scoring System (IPSS).

This review is my second review concerning the data submitted in support of the
approval of Dacogen (DAC) for the treatment of patients with myelodysplastic
syndrome (MDS). The resubmission was necessary because the Division of
Scientific Investigation uncovered discrepancies during their audit between the
case report forms, data listings, and patient records for transfusions. Since the
transfusion data is crucial for determining whether patients had responded or not,
the application could not be approved. Thus an approvable letter was issued on
August 31, 2005.

in the approvable letter the Agency recommended that the sponsor consider
providing one of the following as a response to their approvable letter: -

1. Verify all transfusion data with the source documentation and, based on that
data verification, submit an amendment to the NDA revising the study report, .
CRFs, data listings, and data sets as necessary. Following the resubmission, DSI
would inspect these and other study sites; or

2. Submit the results from study EORTC 06011: Phase 3 randomized trial of

intravenous low dose decitabine versus supportive care in elderly patients with
primary MDS, secondary MDS or Chronic Myelomonocytic Leukemia (CMML)
who are not eligible for intensive therapy. ‘

The Agency sent additional recommendations and comments which were not
addressed in this submission for details concerning these please see the
approvable letter dated August 30, 2005. _

In this resubmission MGI Pharma conducted a data verification plan wherein all
transfusions primary source records were reviewed for accuracy and then
compared with data listings and data sets. Please see Dr. Kaminskas’ review for
details. In addition, MGl Pharma reanalyzed the transfusion and response data to
conform to the more recently published International working Group criteria. In
the originally submitted analysis, patients were transfusion independent if there



was at least one 6-week period in which the patient required no transfusions. In
this submission, the transfusion independence definition was modified and
increased to an 8-week duration requirement similar to that stated in the IWG
criteria. Patients were considered to be transfusion independent on-study if they
had a period of at least 56 consecutive days with no transfusions between
randomization and study discontinuation.

In this resubmission, the Complete (CR) and Partial Response (PR) rates were
unchanged. However, the individual response assessments for 2 patients in the
DAC arm were changed. One patient with hematological improvement (HI) was
reassessed as having a CR and a second patient originally classified as having a
CR was reassessed as having an HI. Two additional patients (1 in each arm)
were reclassified as having an HI. Based on the data verification there was a
change in the median duration of response from 266 to 288 days for the DAC CR
and PR patients. Differences in percentages of patients who were RBC
transfusion dependent at baseline and became RBC transfusion independent on
study differed between the original study report and the revised study report due
to the data verification process and application of the requirement for 8 weeks of
transfusion independence.

The sponsor’s table below outlines the outcome changes that occurred as a
result of the data verification and reanalysis.

Sponsor’s Table 3. Summary of Changes in Outcomes (ITT Population)

Various Patient Categories Dacogen Supportive Care
Response Original Revised Original Revised
CR 8 8 0 0
PR 7 7 0 0
HI ' 11 12 5 6
Median Duration of Response (days) 266 288 NA NA
Median Duration of Improvement (days) 253 264 212 191
% of patients RBC transfusion dependent at . o o o o
baseline who became independent on study 39% 23% 27% 15%

Change in Response (CR + PR)
Response Duration 8 . NA
Response Status 2

Change in Improvement (CR + PR + HI)
Improvement Duration 16 1
Improvement Status 1 !




The Division of Scientific Investigation conducted a reinspection of two sites
based on MGI Pharma’s data verification plan and concluded the new data
submitted were reliable.

Conclusions and Recommendations:

The results of the data verification and reanalyses did not change the statistically
significant difference seen between arms reported in the original submission for
Dacogen. For the primary endpoint of response rate, the difference was 17% for
DAC compared with 0% for supportive care (p<0.001). Based on the response
rate, the achievement of transfusion independence and the long duration of
responses, this reviewer recommends that Dacogen receive full approval for the
treatment of myelodysplastic syndrome (all FAB subtypes and INT-1, INT-2, and
high-risk IPSS classification.

In addition, this reviewer would like the sponsor to provide the results of the
following study when complete: EORTC 06011 Phase Ill randomized trial of
intravenous low-dose decitabine versus supportive care in elderly patients with
primary MDS, secondary MDS or Chronic Myelomonocytic Leukemia (CMML)
who are not eligible for intensive therapy. This request would not be a phase 4
commitment.

The sponsor should also complete the CMC and Clinical Pharmacology and
Biopharmaceutics requests in the August 30, 2005 approvable letter.
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Division Director Summary Review of an NDA Resubmission

NDA: 21-790

Drug: Dacogen™ (decitabine) for Injection
Applicant: MGI PHARMA, Inc.

Date: April 25, 2006

For a summary of the original NDA submission see the Division Director Summary
Review of a New Drug Application dated August 27, 2005.

This NDA resubmission seeks approval of Dacogen™ (decitabine) for Injection for the
following indication:

Dacogen is indicated for treatment of patients with myelodysplastic syndromes
(MDS) including previously treated and untreated, de novo and secondary MDS
of all FAB subtypes (refractory anemia, refractory anemia with ringed
sideroblasts, refractory anemia with excess blasts, refractory anemia with excess
blasts in transformation, and chronic myelomonocytic leukemia) and
intermediate-1, intermediate-2, and high-risk IPSS groups.

On August 31, 2005 an approvable letter was issued with the following deficiency:

The Division of Scientific Investigations (DSI) audited the two sites that accrued
the most patients to the major trial (D-0007). These sites were the H. Lee Moffitt
Cancer Center and Research Institute in Tampa, FL and the Washington
University School of Medicine in St. Louis, MO. When the inspectors compared
the source documentation with the case report forms (CRFs) and data listings,
they uncovered multiple instances where patients’ data were inconsistent. At the
Moffitt Cancer Center, 34 patients were enrolled in the study. Of these 34
patients, 12 patient records were inspected. Of these 12 patient records, 6 (50%)
had inconsistent data where the source document recorded that the patient had a
transfusion and the CRF or data listings did not or the source document did not
record a transfusion but the CRF and data listing did. At the Washington
University site, similar observations were found, although the frequency appeared
to be less. Since the primary endpoint encompassed data on transfusions and the
demonstration of decitabine’s proposed clinical benefit was the elimination of
transfusions, the transfuston data appear too unreliable to be used for an approval
decision.

In the letter the applicant was asked to do one of the following:

1. Verify all transfusion data with the source documentation and, based on that
data verification, submit an amendment to the NDA revising the study report,
CRFs, data listings, and data sets as necessary. Following the resubmission, DSI
would inspect these and other study sites; or



2. Submit the results from study EORTC 06011: Phase 3 randomized trial of
intravenous low-dose decitabine versus supportive care in elderly patients with
primary MDS, secondary MDS or Chronic Myelomonocytic Leukemia (CMML)
who are not eligible for intensive therapy.

The applicant chose the first option and resubmitted the application on November 15,
2005. The following is a summary of the resubmitted clinical data.

Safety and efficacy were demonstrated in an open-label, multicenter, randomized,
controlled trial in 170 adult patients with all five French-American-British (FAB)
subtypes of MDS and with International Prognostic Scoring System scores of
High-Risk, Intermediate-2 and Intermediate-1. Eighty-nine patients were
randomized to decitabine plus supportive care and 81 were randomized to
supportive care. Patients randomized to the decitabine arm received received the
drug intravenously at a dose of 15 mg/m” over a 3-hour period every 8 hours for 3
consecutive days. This treatment cycle was repeated every 6 weeks, depending on
the patient’s clinical response and toxicity. Supportive care consisted of blood and
blood product transfusions, prophylactic antibiotics, and hematopoietic growth
factors.

Responses were classified using the MDS International Working Group criteria.
Patients were required to be RBC and platelet transfusion independent during the
period of response. The overall response rate (CR+PR) in the intent-to-treat
population was 17% in the decitabine-treated group and 0% in the supportive care
group (p<0.001). In the decitabine-treated group the median duration of response
was 288 days and the median time to response was 93 days. All but one of the
decitabine-treated patients who responded did so by the fourth cycle. Decitabine
treatment did not significantly delay the median time to acute myelogenous
leukemia or death.

A total of 164 patients were accrued to two additional open-label, single-arm,
multicenter studies of decitabine in patients with any of the FAB subtypes of
MDS. The overall response rates in these two studies were 26% (N=66) and 24%
(N=98).

The major toxicity of decitabine was myelosuppression as manifested by
neutropenia, thrombocytopenia, anemia, and febrile neutropenia. Other common
adverse events included nausea, vomiting, diarrhea, constipation, fever, edema,
hyperglycemia, hypomagnesemia, hypokalemia, arthralgias, back pain, cough,
headache, insomnia, rash, petechiae, and pallor.

Clinical and Statistical Review

The combined Chinical and Statistical Review of the resubmission made the following
recommendation on regulatory action.



1. Approval of decitabine for treatment of patients with myelodysplastic -
syndrome (MDS). The approval is recommended on the basis of a Complete
Response by the sponsor to the approvable letter by the Agency. On the basis of a
positive report by the Division of Scientific Investigations on the inspections of
study sites (see below in 4.4 Data Quality and Integrity), the remonitored and
verified data by the sponsor supports the efficacy and safety of decitabine in
MDS... '

2. Decitabine is an inhibitor of DNA methylation, promoting differentiation of
hematopoietic cells, and is also a cytotoxic agent causing cell cycle arrest and
apoptosis. It is effective in about 17% to 26% of MDS patients in completely or
partially restoring normal blood cell counts and normal percentage of blasts in the
bone marrow, and in reducing or eliminating transfusion dependence. The
therapeutic effects are generally long lasting (median durations of response were
146 to 288 days). Decitabine treatment has not been shown to result in survival
benefit. Responses to decitabine have been shown to occur in patients with all
FAB subtypes, with high-risk, intermediate-2, and intermediate-1 IPSS subtypes,
in previously treated as well as untreated patients, and in patients with de novo or
secondary MDS.

3. The dose of decitabine is 15 mg/m” administered intravenously over 3 hours;
this dose is repeated every 8 hours for 3 days every six weeks. The dose is
adjusted according to blood cell counts. Patients should be treated for a minimum
of four 6-weck cycles. A complete or partial response may take longer than 4
cycles. Treatment may be continued for as long as the patient continues to benefit.

The review provided the following summary of the data quality and integrity.

During the first review cycle, the Agency’s Division of Scientific Investigations
audited the 2 largest sites of patient enrollment in the randomized D-0007 trial.
These were Moffitt Cancer Center in Tampa, FL and Washington University in St.
Louis, MO. The FDA investigators concluded that data from both sites are
unreliable. The key issue was the accuracy of transfusion data, since response
rates and clinical benefit hinge on these data.

Following an Approvable Letter from the FDA on September 1, 2005, the .
Sponsor initiated a Data Verification Plan to review and record all transfusion
information for all patients (N=170) at all 23 sites in the D0007 phase 3
controlled trial. Site medical records (hospital and clinic), and all available
medical records from referring or collaborating medical facilities, site blood bank
transfusion records, available off-site transfusion records and other available
source documentation were reviewed at each of these sites for each patient. New
case report form (CRF) pages specific to transfusion data were completed, and
forwarded to the Sponsor’s Clinical Operations group, where they were compiled
for analysis. An independent assessor reviewed and verified all transfusion



records. The Sponsor resubmitted the NDA with all changes resulting from the
Data Verification Report for a second review cycle.

The Division requested the Division of Scientific Investigations to audit 2 sites,
one previously inspected (Moffitt Cancer Center in Tampa, FL) and one not
previously inspected (Rush Cancer Institute, Rush-Presbyterian St. Luke’s
Medical Center, Chicago, IL).

The inspection at Moffitt Cancer Center involved review of previously inspected
records of 6 subjects and of 5 subjects’ records that had not been previously
reviewed. The inspector’s assessment of data integrity was that the transfusion
data from this site are now reliable.

The inspection at Rush-Presbyterian St. Luke’s center involved records reviews of
7 of the 20 subjects enrolled in the D-0007 trial. The inspector issued a Form

FDA 483 citing 4 major inspectional observations relating to patients’

assessments (especially missing Quality of Life assessments), failures to report
SAEs within 24 hours to the IRB, failures in the maintenance of adequate and
accurate case histories, including source documentation of off-site blood
transfusion records for on-site review, and failure to obtain signed informed
consents from two subjects. However, the inspector’s assessment of the integrity
of the primary efficacy data is that the data from this site are reliable.

The review had the following Phase 4 study suggestions.

e Completion of EORTC 06011 Phase 3 randomized trial of intravenous low-
dose decitabine versus supportive care in elderly patients with primary MDS,
secondary MDS or Chronic Myelomonocytic Leukemia (CMML) who are not
eligible for intensive therapy.

- Metabolism of decitabine, in particular whether any of the cytochrome P450
enzymes is involved in the biotransformation of decitabine,

e Pharmacokinetics and safety of decitabine in patients with mild hepatic
mmpairment, and

e Pharmacokinetics and safety of decitabine in patients with mild to moderate
renal impairment.

e Dosing regimens that are at least as effective as the present one, and can be
administered without a three day hospitalization.

Medical Team Leader Review

The review of the resubmission by Dr. Ann Farrell had the following conclusions and
recommendations. ‘

The results of the data verification and reanalyses did not change the statistically
significant difference seen between arms reported in the original submission for
Dacogen. For the primary endpoint of response rate, the difference was 17% for



DAC compared with 0% for supportive care (p<0.001). Based on the response
rate, the achievement of transfusion independence and the long duration of
responses, this reviewer recommends that Dacogen receive full approval for the
treatment of myelodysplastic syndrome (all FAB subtypes and INT-1, INT-2, and
high-risk IPSS classification.

In addition, this reviewer would like the sponsor to provide the results of the
following study when complete: EORTC 06011 Phase 111 randomized trial of
intravenous low-dose decitabine versus supportive care in elderly patients with
primary MDS, secondary MDS or Chronic Myelomonocytic Leukemia (CMML)
who are not eligible for intensive therapy. This request would not be a phase 4
commitment.

The sponsor should also complete the CMC and Clinical Pharmacology and
Biopharmaceutics requests in the August 30, 2005 approvable letter.

Clinical Inspection Summary

The Clinical Inspection Summéry of March 7, 2006 provided the following overall
assessment of findings and general recommendations.

The sites inspected, that of Dr. Hussain and Dr. Gregory, were found to generally
adhere to the applicable regulations governing the conduct of clinical
mvestigations; with noteworthy observations cited on a Form FDA 483 for Dr.
Gregory’s sight. Those observations revealed that while the study was active and
under the responsible control of Dr. Azra Raza, the former CI, numerous protocol
violations were noted that included but were not limited to missing several
protocol-required primary efficacy endpoint supporting measurements and a
number of required measurements for determining secondary endpoint
measurements, in particular quality of life. These observations, of the conduct of
the study under ClI Dr. Azra Raza, while reflecting poorly on the management of
study protocol adherence and safety and monitoring activities should not grossly
impact the reliability of primary efficacy data submitted to the agency in support
of NDA 21790/000. However, quality of life measurements, a secondary efficacy
measurement, should be considered unreliable for the data produced by study 51te
#1046 under the CI Dr. Azra Raza, Rush Cancer Institute, Chicago, IL.

Sponsor monitoring and oversight activities of the study D-0007 appeared to have
been inadequate. The reported protocol violations found on FDA inspection, poor
protocol adherence reported in this clinical inspection summary and poor record
keeping in particular with respect to source documentation to support CRF
transfusion history’s per study subject (reference: DSI reviewer Mary Mease
Clinical Inspection Summary dated July 28, 2005) could have been detected and
corrected by oversight and monitoring by the sponsor. The findings and
observations reported here and those reported in the DSI Clinical Inspection
Summary dated July 28, 2005 suggest that the agency should consider re-



evaluation of these observations and their impact on data validity and ntegrity
“each time data from study D-0007 is proposed to be used to support any post-
marketing FDA actions regarding safety or efficacy...

Clinical Pharmacology and Biopharmaceutics Review

The review of the resubmission by Roshi Ramchandani, Ph.D. had the following
conclusion and recommendation.

The Office of Clinical Pharmacology (OCP) has reviewed the Clinical
Pharmacology section of NDA 21-790 and finds it to be acceptable, with the
following recommendations:

e We recommend that you conduct in vitro studies in human hepatic
microsomes to evaluate if decitabine inhibits CYP2CS.

DMETS Consultation

The DMETS Consultation of March 6, 2006 found the proprietary name to be acceptable
and identified deficiencies in the package insert, carton labeling, and container label.
These were communicated to the applicant and were addressed in the CMC review below.

Chemistry, Manufacturing and Controls Review

The CMC Review by Josephine Jee had the following recommendation and conclusion
on approvability.

Manufacturing and Controls (CMC). The deficiencies identified in Review No. 1
and Review No. 2 related to the drug substance and drug product have been
addressed by the applicant. In addition, deficiencies identified in the package
labeling insert, carton label and container label have been addressed on 23-MAR-
2006.

J. Barletta, Ph.D. also recommended for approval on 15-JUL-2005 from the
standpoint of Microbiology.

All outstanding issues on carton and container and package insert labeling have
. been adequately addressed in the amendment dated 23-MAR-2006.

DDMAC Consult

The February 1, 2006 DDMAC Consult by Joseph Grillo and Iris Masucci provided
comments on the draft labeling which were considered during the labeling meetings.



Conclusions and Recommendation

I concur with the recommendations for approval of the application. The applicant has
verified the transfusion data and the efficacy results have not changed significantly. DSI
mspected two study sites during this review cycle and concluded that while there were a
number of noteworthy findings at Dr. Gregory’s site, they “should not grossly impact the
reliability of primary efficacy data submitted to the agency in support of NDA
21790/000.” I agree that no phase 4 studies are required and that the suggestions for
phase 4 studies should be communicated to the applicant.

Robert L. Justice, M.D., M.S.
Acting 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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1. EXECUTIVE SUMMARY

1.1 Recommendation on Regulatory Action

1. Approval of decitabine for treatment of patients with myelodysplastic syndrome (MDS). The
approval is recommended on the basis of a Complete Response by the sponsor to the approvable
letter by the Agency. On the basis of a positive report by the Division of Scientific Investigations
on the inspections of study sites (see below in 4.4 Data Quality and Integrity), the remonitored
and verified data by the sponsor supports the efficacy and safety of decitabine in MDS. This
review will largely be concerned with sections in which there are changes from the original
review filed in DFS on August 29, 2005. Sections in which there are no changes are either
copied from the original review (for ease in following the review), or referenced to the original
review.

2. Decitabine 1s an inhibitor of DNA methylation, promoting differentiation of hematopoietic
cells, and is also a cytotoxic agent causing cell cycle arrest and apoptosis. It is effective in about
17% to 26% of MDS patients in completely or partially restoring normal blood cell counts and
normal percentage of blasts in the bone marrow, and in reducing or eliminating transfusion
dependence. The therapeutic effects are generally long lasting (median durations of response
were 146 to 288 days). Decitabine treatment has not been shown to result in survival benefit.
Responses to decitabine have been shown to occur in patients with all FAB subtypes, with high-
risk, intermediate-2, and intermediate-1 IPSS subtypes, in previously treated as well as untreated
patients, and in patients with de novo or secondary MDS.

3. The dose of decitabine is 15 mg/m” administered intravenously over 3 hours; this dose is
repeated every 8 hours for 3 days every six weeks. The dose is adjusted according to blood cell
counts. Patients should be treated for a minimum of four 6-week cycles. A complete or partial
response may take longer than 4 cycles. Treatment may be continued for as long as the patient
continues to benefit.

1.2 Recommendation on Postmarketing Actions

1.2.1 Risk Management Activity

Standard procedures for adverse event reporting.

1.2.2 Required Phase 4 Commitments

None.
1.2.3 Other Phése 4 Requests

The following Phase 4 suggestions should be communicated to the applicant:
e Completion of EORTC 06011 Phase 3 randomized trial of intravenous low-dose
decitabine versus supportive care in elderly patients with primary MDS, secondary MDS
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or Chronic Myelomonocytic Leukemia (CMML) who are not eli gible for intensive
therapy.

¢ Metabolism of decitabine, in particular whether any of the cytochrome P450 enzymes is
involved in the biotransformation of decitabine, '

* Pharmacokinetics and safety of decitabine in patients with mild hepatic impairment, and

* Pharmacokinetics and safety of decitabine in patients with mild to moderate renal
impairment. : ‘

* Dosing regimens that are at least as effective as the present one, and can be administered
without a three day hospitalization.

1.3 Summary of Clinical Findings

1.3.1 Brief Overview of Clinical Program

Product name, class, starting dose and route of administration: Dacogen™ for Injection (DAC)
contains decitabine, an analogue of the natural deoxyribonucleoside 2’-deoxycytidine.
Decitabine promotes cell differentiation and is also cytotoxic. DAC is administered by a 3-hour
intravenous infusion at a starting dose of 15 mg/m” every 8 hours for three days every 6 weeks.
Indications and populations studied: Adult patients with all FAB subtypes and with high-risk,
intermediate-2 and intermediate-1 IPSS categories of myelodysplastic syndrome.

Number of pivotal efficacy and safety trials: One phase 3 controlled trial, supported by two
single-arm phase 2 trials.

Number of patients enrolled in the primary trials: 170 in the phase 3 trial and 164 in the phase 2
trials.

Overall number of patients in the safety database and extent of exposure: 240 patients in the
three primary studies and 183 patients in six ongoing studies. In the phase 3 controlled trial, the
average dose per treatment cycle was 247 mg, median number of cycles was 4, and the median
cumulative dose received was 735 mg (range, 203 - 2614 mg).

1.3.2 Efficacy

Efficacy of DAC in treatment of MDS is demonstrated in the supportive care-controlled,
randomized phase 3 trial D-0007. In this trial 89 patients were randomized to DAC and 81
patients to supportive care (SC). Of the 89 patients randomized to DAC, 83 were treated with
DAC. Of the 81 patients randomized to SC, 3 patients crossed over to the DAC arm. Similar
efficacy results were found in the two single arm, multicenter phase 2 studies, PCH 95-11 and
PCH 97-19, in which 66 patients and 98 patients, respectively, were treated with DAC. All three
trials had enrolled patients with MDS of all FAB subtypes and of high-risk, intermediate-2 (INT-
2) and intermediate-1 (INT-1) IPSS categories.

Endpoints: There were two primary endpoints in the controlled trial, overall response rate
(complete or partial) and time to progression to acute myeloid leukemia or death. Secondary
endpoints included survival, transfusion requirements, overall response rate plus the rate of
hematological improvement (a lesser response than partial response), quality of life measures,
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and cytogenetic response. The primary endpoints in both phase 2 studies were best hematological
response (defined as complete remission, partial remission, improvement, stable disease, relapse,
or progression), transfusion requirements, and changes in performance status.

Endpoint issues:

The sponsor initially proposed overall response rate as the primary endpoint for the
controlled trial, while the Agency suggested time to progression to AML or death. Both
became co-primary endpoints. The possibility of achieving a statistically significant delay
in time to progression to AML or death with DAC treatment was suggested by the
CALGB 9221 trial in which MDS patients were treated with azacitidine, an agent with a
similar mechanism of action. A later statistical analysis of this trial by the Agency
concluded that such a delay was not demonstrated. Thus, there is so far no evidence that
any agent is effective in prolonging the time to progression to AML of death in MDS
patients.

“The definitions of overall response rates differ between the pivotal controlled trial and the

phase II studies, as criteria for response rates changed with publications by international
working groups. The main difference is that a complete or partial response by the later
criteria needs to be maintained for at least 8 weeks, while the earlier criteria have no such
requirement.

Efficacy Conclusions:

Patients treated with DAC had an overall response rate of about 17% (in ITT
population) as compared to no responses in the SC patients. This difference was
statistically significant (p < 0.001). DAC-treated patients in the single-arm studies had
overall response rates of 24% and 26% (ITT populations).
Time to progression to AML or death was not significantly different in DAC-treated
patients from that in SC patients (p=0.160).
The clinical benefit of DAC-induced responses was normalization of blood counts and
bone marrow blast percentages and elimination of the need for transfusions in patients
who were transfusion-dependent at baseline.
The responses were long-lasting. The median durations of responses were 288 days,
146 days, and 250 days in the controlled trial D-0007, PCH 97-19 study, and PCH 95-
11 study, respectively. The median time to response in the controlled trial was 93 days.
Subgroup analyses revealed: :
o Patients with MDS of all FAB subtypes and IPSS classifications had
approximately similar response rates.
o Patients of all age ranges had similar response rates.
o Female patients had twice the response rates of male patients in two of the
studies, and about the same response rate as male patients in the third study.
This reviewer, in light of similar response rates in female and male MDS
patients in the azacitidine trials, is not convinced that there is gender difference
in response rate to DAC.



Clinical Review

Edvardas Kaminskas, M.D.
NDA 21-790

Dacogen™ (decitabine)

O Response rates were not analyzed by race/cthnicity, because more than 90% of
the subjects were White.

o Responses occurred in patients with or without prior therapy for MDS and in
patients with de novo and with secondary MDS, although there were too few
patients with secondary MDS or with prior therapy for MDS to make
comparisons of response rates.

® Analyses of secondary endpoints revealed:

o DAC treatment resulted in decreased RBC and platelet transfusion requirements
in transfusion-dependent patients, and decreased the risk of patients becoming
transfusion-dependent.

o Febrile neutropenia occurred more frequently in DAC-treated patients than in
supportive care patients. "

© Hematological Improvement rates (Complete Response plus Partial Response
plus Hematological Improvement) were higher in DAC-treated patients than in
supportive group patients.

© In Quality of Life analyses, DAC-treated patients had statistically superior
global health status, less dyspnea and less fatigue.

o About 19% (9/48) of patients with clonal abnormalities at baseline) had a major
cytogenetic response (no Temaining abnormality) and 2% (1/48) had a minor
cytogenetic response (> 50% reduction in abnormal metaphases) in the DAC
treatment arm. About one-half (8/15) of patients who had a CR or PR had a
major cytogenetic response. About 6% (2/33) of patients in the SC arm had a
major cytogenetic response.

Dosage regimen is appropriate, since controlled tria] patients received 97% of the prescribed
dose. Delays of treatment and dose reductions in subsequent cycles occurred in about one-third
of patients.

Role in armamentarium: The efficacy of DAC in MDS is similar to that of azacitidine as
measured by response rate.

1.3.3 Safety

* Atotal of 240 patients with MDS received DAC at the same dose as specified in the
NDA in the three primary studies. DAC was administered in cycles of 6 weeks, and the
median number of cycles was 3, with some patients receiving up to 9 cycles.

* There were no deaths that were attributed to DAC toxicity, although thrombocytopenia
aggravated by DAC treatment may have contributed to bleeding, including intracerebral
hemorrhage. The number of deaths was greater in the supportive care arm than in the

* Hematological adverse events (neutropenia, febrile neutropenia, thrombocytopenia,
anemia and leukopenia) were prominently more common in the DAC arm than in the SC
arm. Hematological adverse events did not decrease with successive cycles unless the

8



Clinical Review

Edvardas Kaminskas, M.D. )
NDA 21-790

Dacogen™ (decitabine)

patient had a response. Gastrointestinal disorders (nausea, constipation, diarrhea,
vomiting, abdominal pain, stomatitis, dyspepsia and ascites) were more common in the
DAC arm than in the supportive care arm. They decreased after the first two cycles of
DAC therapy with appropriate medications. F ever, bacterial and fungal infections,
painful joints or muscles, backaches, chest wall discomfort, headache, insomnia,
confusional state, ecchymoses, pallor, erythemas, alopecias and skin disorders were also
more common in the DAC arm than in the SC arm. There were no greater than grade 2
hepatic or renal function abnormalities. Vital signs reflected general clinical condition
rather than MDS or DAC therapy.

® Adverse events (thrombocytopenia, lymphadenopathy, neutropenia, pneumonia, M. .

of patients (because of COPD and of dyspnea). About 19% of patients had dose delays,
about 5% of patients had dose reduction, and about 11% of patients had dose reduction
and dose delay.

® There are no safety data on pregnant or lactating women (who were excluded from
enrollment), or on infants and children (MDS is very rare in childhood) in this
submission. ,

* Overdose data is available from older studies in which patients were treated with several-
fold higher DAC dosages. The main toxicity was hematological.

* The most common adverse events due to DAC overlap those of MDS, making attribution

1.3.4 Dosing Regimen and Administration

DAC is administered by a 3-hour intravenous infusion at a starting dose of 15 mg/m? every 8
hours for three days every 6 weeks.

1.3.5 Drug-Drug Interactions

Severe thrombocytopenia was reported in a patient receiving DAC and tamoxifen with bleeding
and subdural hematoma. Antineoplastic agents appear to accentuate tamoxifen-associated
thrombocytopenia, which has been reported with tamoxifen monotherapy as well.

1.3.6 Special Populations
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2 INTRODUCTION AND BACKGROUND

2.1 Product Information

HO

Dacogen™ for Injection contains 5-aza-2’-deoxycytidine or decitabine (abbreviated as
DAC in the rest of the review), an analogue of the natural deoxyribonucleoside 2’-
deoxycytidine. In 5-aza-2’deoxycytidine the carbon at position 5 of the pyrimidine ring is
replaced by a nitrogen (see Figure 1 below).

Dacogen™ for Injection is a white sterile lyophilized powder supplied in a clear colorless
glass vial. Each vial contains 50 mg decitabine, potassium dihydrogen phosphate and
sodium hydroxide. It is to be reconstituted with 10 mL of Sterile Water for Injection and
then further diluted with 5% D/W, NS, or Lactated Ringer's for intravenous (IV) infusion.

- The final drug concentration is to be 0.1 — 1.0 mg/mL.

The generic name is decitabine.
The chemical name is 4-amino-l-(2-deoxy-B-D-erythro-pentoﬁlranosyl)-1 ,3,5-triazin-
2(1H)-one.

Proposed trade name is Dacogen™.

Figure 1. Decitabine

It is a new molecular entity (NME).

Pharmacologic class: DAC is an antineoplastic agent. It is incorporated into DNA
following phosphorylation to 5-aza-dCTP and is a specific inhibitor of the DNA
methyltransferase enzymes. DNA methylation occurs after DNA replication and involves
the transfer of a methy! group from S-adenosyl-methionine to the position 5 of the
deoxycytidine residues. These reactions are carried out by DNA-methyltransferases 1, Illa
and I1Ib. Decitabine is able to inhibit DNA methylation by the formation of a stable
complex between the DNA methyltransferase enzymes and 5-aza-cytosine-substituted
DNA. In general, methylation of DNA Tepresses gene expression, whereas demethylation
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results in gene activation. In mammalian cells, about 5% of the doxycytidine residues in
DNA are present as 5-methyldeoxycytidine. By inhibiting DNA methylation, DAC
prevents DNA hypermethylation of CpG islands, which is associated with a variety of
tumors and MDS. By hypomethylation of replicating DNA, DAC induces neoplastic cell
differentiation into normal cells. DAC also causes cell cycle arrest and apoptosis. Thus, it
i1s both a cell differentiation inducing agent and a cytotoxic agent.

* Indication for DAC is treatment of patients with myelodysplastic syndrome (MDS)
including previously treated and untreated, de novo and secondary. The recommended
dosing regimen is 15 mg/m® administered by continuous IV infusion over 3 hours
repeated every 8 hours for 3 days every 6 weeks. Age restriction is not specified.

2.2 Currently Available Treatment for Indications

Vidaza™ (5-azacitidine) was approved on May 19, 2004 for a similar indication. The

mechanisms of action of 5-azacitidine and of decitabine on the inhibition of DNA methylation
are thought to be identical.

23 Availability‘of Proposed Active Ingredient in the United States

The product is not currently marketed in this country.

2.4 Important Issues with Pharmacologically Related Products

The pathophysiology of MDS overlaps to a great extent the most common toxicities of
azacitidine and DAC, which result from myelosuppression. Consequently, anemia, leukopenia,
neutropenia, infections, thrombocytopenia, bleeding, hematomas and patechiae are common
events with MDS and with treatment with azacitidine and DAC. Gastrointestina] adverse events,
such as anorexia, nausea, vomiting, diarrhea, and constipation are common during treatment with
azacitidine and DAC. Transient elevations of hepatic enzymes are common to both agents.
Hepatic failure may develop in patients with pre-existing hepatic disease. :

Overall response rates are approximately the same with DAC and azacitidine.

2.5 Presubmission Regulatory Activity

See original review filed on August 29, 2005.

2.6 Other Relevant Background Information

See original review filed on August 29, 2005.
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3 SIGNIFICANT FINDINGS FROM OTHER REVIEW DISCIPLINES

3.1 CMC (and Product Microbiology, if Applicable)

See original review filed on August 29, 2005,

3.2 Animal Pharmacology/Toxicology

See original review filed on August 29, 2005.

4 DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY

4.1 Sources of Clinical Data

See original review filed on August 29, 2005.

4.2 Tables of Clinical Studies

See original review filed on August 29, 2005.

4.3 Review Strategy

See original review filed on August 29, 2005.

4.4 Data Quality and Integrity

During the first review cycle, the Agency’s Division of Scientific Investigations audited the 2
largest sites of patient enrollment in the randomized D-0007 trial. These were Moffitt Cancer
Center in Tampa, FL and Washington University in St. Louis, MO. The FDA Investigators
concluded that data from both sites are unreliable. The key issue was the accuracy of transfusion
data, since response rates and clinical benefit hinge on these data.

Following an Approvable Letter from the FDA on September 1, 2005, the Sponsor initiated a
Data Verification Plan to review and record all transfusion information for all patients (N=170)
at all 23 sites in the DO007 phase 3 controlled trial. Site medical records (hospital and clinic),
and all available medical records from referring or collaborating medical facilities, site blood
bank transfusion records, available off-site transfusion records and other available source

- documentation were reviewed at each of these sites for each patient. New case report form (CRF)
pages specific to transfusion data were completed, and forwarded to the Sponsor’s Clinical
Operations group, where they were compiled for analysis. An independent assessor reviewed and
verified all transfusion records. The Sponsor resubmitted the NDA with all changes resulting
from the Data Verification Report for a second review cycle.

12
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The Division requested the Division of Scientific Investigations to audit 2 sites, one previously
inspected (Moffitt Cancer Center in Tampa, FL) and one not previously inspected (Rush Cancer
Institute, Rush-Presbyterian St. Luke’s Medical Center, Chicago, IL).

The inspection at Moffitt Cancer Center involved review of previously inspected records of 6
subjects and of 5 subjects’ records that had not been previously reviewed. The inspector’s
assessment of data integrity was that the transfusion data from this site are now reliable.

The inspection at Rush-Presbyterian St. Luke’s center involved records reviews of 7 of the 20
subjects enrolled in the D-0007 trial. The inspector issued a Form FDA 483 citing 4 major
inspectional observations relating to patients’ assessments (especially missing Quality of Life
assessments), failures to report SAEs within 24 hours to the IRB, failures in the maintenance of
adequate and accurate case histories, including source documentation of off-site blood
transfusion records for on-site review, and failure to obtain signed informed consents from two
subjects. However, the inspector’s assessment of the integrity of the primary efficacy data is that
the data from this site are reliable.

4.5 Compliance with Good Clinical Practices

See original review filed on August 29, 2005.

4.6 Financial Disclosures

See original review filed on August 29, 2005.

S CLINICAL PHARMACOLOGY

5.1 Pharmacokinetics

See original review filed on August 29, 2005.

5.2 Pharmacodynamics

See original review filed on August 29, 2005.

5.3 Exposure-Response Relationships

See original review filed on August 29, 2005.
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6 INTEGRATED REVIEW OF EFFICACY

6.1 Indication

The sponsor proposed the following indication: Decitabine is indicated for treatment of patients
with myelodysplastic syndrome (MDS), including previously treated and untreated, de novo and
secondary MDS, of the following subtypes:

* By FAB classification: refractory anemia, refractory anemia with ringed sideroblasts,
refractory anemia with excess blasts, refractory anemia with excess blasts in
transformation, and chronic myelomonocytic leukemia.

* By IPSS classification: High Risk, INT-2, and INT-1.
The revised indication as shown in the Labeling Review (section 10.1) is:

Dacogen is indicated for treatment of patients with myelodysplastic syndromes (MDS) including
previously treated and untreated, de novo and secondary MDS of all FAB subtypes (refractory
anemia, refractory anemia with ringed sideroblasts, refractory anemia with excess blasts,
refractory anemia with excess blasts in transformation, and chronic myelomonocytic leukemia)
and intermediate-1, intermediate-2, and high-risk IPSS groups.

6.1.1 Methods

See original review filed on August 29, 2005. Only the results of the phase 3 controlled trial will
be described. The results of the single-arm phase 2 trials are not changed from the original
review filed on August 29, 2005.

As a result of the Data Verification process described above, the definition of transfusion
independence was changed. In the original analysis, patients were considered to be transfusion
independent if there was at least one fixed 6-week period in which the patient required no v
transfusions. In the reanalysis, the definition of transfusion independence was modified to the 8-
week duration requirement stated in the International Working Group criteria. Patients were
considered to be transfusion independent on-study if they had a period of at least 56 consecutive
days with no transfusions between randomization and study discontinuation.

6.1.2 General Discussion of Endpoints

The phase 3 controlled trial (D-0007) was the major source of data for the efficacy review. The
single-arm trials and literature reports were used to support the results of the controlled trial.

Patients in the controlled trial consisted of all 5 FAB subgroups and of High-risk, Intermediate-2
(INT-2) and Intermediate-1 (INT-1) subgroups of the IPSS classification.

14
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Study Objectives.

® The overall objective of this multi-center study was to demonstrate the superiority of
DAC injection over SC for treatment of adults with MDS.

® The secondary objectives included
® Overall survival
¢ Transfusion requirements
* Rates of febrile neutropenia
* Percent of patients achieving Hematological Improvement (CR + PR + HI)
¢ Quality of Life
e Cytogenetic Responses and Safety.

Primary endpoint: The co-primary endpoints were i
* Overall Response Rate (CR + PR) as defined by the MDS International Working Group
* criteria, and : ‘
* Time to AML or Death.

Secondary endpoints:
¢ Survival
¢ Transfusion Requirements
¢ Improvement (CR + PR + Hematological Improvement)
*  Quality of Life, and
¢ Cytogenetic Response.

6.1.3 Study Design

The study design of the controlled D-0007 trial meets the regulation on adequate and well-
controlled studies (21 CFR 314.126) and the results provide a reasonable assessment of benefit.

This was an open-label, parallel-group, randomized trial of 170 adult patients with histologically
confirmed MDS who met IPSS criteria for INT-2 or high-risk categories, and later, as allowed by
Protocol Amendment 3, patients meeting the INT-1 risk category.

Given that DAC is administered IV every 8 hours for 3 days, a double-blind study was not
possible. A blinded review of all bone marrow aspirates and biopsies was performed by an expert
hematopathologist.

Study Entry Procedures

* Bascline history, physical examination, bone marrow aspirates, biopsies, and

- Cytogenetics samples, CBC, serum chemistries, serum hCG, and the EORTC Quality of
Life questionnaire completed.

* Randomization to DAC or SC treatment arms was 1:1 using a centralized, call-in
randomization process. The Biometrics and Statistics Department of SuperGen
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supervised each randomization. Patients were stratified by study center, IPSS
classification and type of MDS (de novo or secondary).

* Baseline Demographics and Other Patient Characteristics are shown in Reviewer’s Table
1 (data from Sponsor’s Table 7) below in Selection of Study Population (6.1.2.5 in the
submission).

Treatment Procedures

* Both treatment groups received standard supportive care, including PRBC or platelet
transfusions, erythropoietin, thrombopoietin, prophylactic antibiotics, and hospitalization.

e Patients in the DAC arm received DAC 15 mg/m” injection as nine 3-hour infusions over
3 days (one infusion every 8 hours for 3 days) per 6-week cycle administered in the
hospital, clinic or through home infusion care. ‘

* Selection of doses: The dose and schedule in the 3 trials submitted in this NDA was
derived from a phase 1/2 dose-escalation study in 38 patients with AML, CML or MDS
(PCH 88-01). The subsequent phase 2 studies (PCH 95-11 and PCH 97-19) used the
lowest dose level in MDS patients (15 mg/m? administered over 4 hours every 8 hours for
3 days) in PCH 88-01 to reduce myelotoxicity and to allow for bone marrow recovery.

* Every 6 weeks patients received a medical H & P, CBC, serum chemistries, and Q of L
questionnaire. Cycles were repeated once the patient’s hematologic parameters returned
to pretreatment or to normal levels. :

* Criteria for dose reduction or cycle delay: If blood count recovery took > 6 weeks, but <
8 weeks, DAC was held for up to 2 weeks and the dose was reduced to 11 mg/m’ every 8
hours; if blood count recovery took > 8 weeks but <10 weeks, patient was assessed for
disease progression by bone marrow aspirate; if there was no progression, DAC was held
for 2 more weeks and the dose was reduced as above. If the following non-hematological
toxicities occurred, DAC treatment was not restarted until the toxicity resolved: serum
creatinine > 2 mg/dL, SGPT, serum bilirubin > 2 x ULN, or active uncontrolled infection.

* Every 12 weeks a BM aspirate and biopsy were performed to evaluate response to
treatment. After any 2 cycles, DAC arm patients were taken off study if they
demonstrated progressive disease (PD), as defined by the MDS International Working
Group. Other patients were continued on treatment for a maximum of 10 cycles.

¢ At the end of study, the final bone marrow aspirate and biopsy, CBC, serum chemistries,
and hCG were obtained, and Q of L questionnaire was administered. '

* Crossover: Patients in the SC arm who progressed to AML or experienced rapidly
progressive disease were initially allowed to cross over and receive DAC. This practice
was stopped with Amendment 2 (by that time 3 patients had crossed over). Subsequently,
such patients were permitted to participate in a different phase 2 protocol of DAC for
AML.

* Selection bias was minimized by a centralized all-in randomization process.

* Evaluation bias was limited by the use of a blinded central review of all bone marrow
aspirates and biopsies in addition to the initial diagnoses by local pathologists. (The inter-
pathologist concordance in hematologic classification of MDS is 67%).
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Selection of Study Population

Inclusion Criteria:

Diagnosis of MDS (de novo or secondary) of any of 5 FAB classifications and IPSS

>0.5, as determined by CBC, bone marrow assessment, and cytogenetics within 30 days of
randomization.

18 years or older

ECOG or WHO PS of 0—2

Signed informed consent

Adequate renal and hepatic function (creatinine < 1.5 mg/dL, bilirubin < 1.5 mg/dL,
SGPT <2 x ULN)

Not pregnant, adequate pregnancy prevention, not lactating.

Exclusion Criteria:

AML or other progressive malignant disease

Treatment with danazol, androgenic hormones, or colony-stimulating factors within 7
days of start of study

Any investigational agent within 30 days prior start of study

Uncontrolled cardiac disease, CHF, uncontrolled restrictive or obstructive pulmonary
disease

Active viral or bacterial infection

Concurrent autoimmune hemolytic anemia or thrombocytopenia

HIV serology

Mental illness

Not recovered from prior therapy toxicity; been off all chemotherapy for less than 4
weeks (6 weeks for nitrosoureas and BMT)

Removal of Patients from Therapy or Assessments:

Evidence of disease progression, per protocol, at any time during the study
Transformation to AML

Failure to achieve PR after 6 cycles of DAC

Failure to achieve CR after 8 cycles of DAC |

Any CTC Grade 4 (life-threatening) non-hematological toxicity; or any Grade 3 (severe)
non-hematological toxicity failing to improve within 10 weeks following a DAC
treatment cycle

Failure to recover from prolonged cytopenia within 10 weeks after administration of a
reduced dose of DAC

Patient’s request to end study treatment

Patient withdrawal of informed consent

SC patients that progressed to AML or had rapid progression of disease qualified for
AML protocol
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Study Population: Demographic and Other Baseline Characteristics randomized to the two study
arms are shown in Reviewer’s Table 1 below (from Sponsor’s Table 7).

Reviewer’s Table 1. Baseline Demographics and Other Baseline Characteristics

Demographic or Other Patient | Decitabine, N = 89 Suppeortive Care, N = 81

Characteristic \ -

Age, mean, median and (range) 69, 70 (31 — 85) 67,70 (30 - 82)

in years : .

Age stratification

< 65 years (%) 23 (26%) 30 (37%)

65— 74 (%) 42 (47%) 35 (43%)

75- (%) ' 24 (27%) _ 16 (20%)

Gender : Male ' 59 (66%) , 57 (70%)

Female 30 (34%) 24 (30%)

Race: White 83 (93%) 76 (94%)
Afro-American 4 (4%) 2 (2%)
Other 2 (2%) 3 (4%)

Weeks since MDS diagnosis

Mean 86 77

Median 29 35

Range 2-667 2-—865

Percent Blasts in BM :

Mean 11% 11%

Median 10% 9%

Range — -—

Missing values - L

Type of MDS .

De novo MDS ' 77 (87%) 70 (86%)

Secondary MDS 12 (13%) ' 11 (14%)

Previous MDS Therapy*

Yes 27 (30%) 19 (23%)

No 62 (70%) 62 (77%)

IPSS Classification

INT-1 28 (31%) 24 (30%)

INT-2 38 (43%) 36 (44%)

High Risk 23 (26%) 21 (26%)

FAB Classification :

RA 12 (13%) 12 (15%)

RARS 7 (8%) 4 (5%)

RAEB 47 (53%) 43 (53%)

RAEB-T 17 (19%) 14 (17%)

CMML 6 (7%) 8 (10%)

WHO Performance Status :

0 24 (27%) 28 (35%)

| 61 (69%) : 48 (59%)

2 4 (4%) 4 (5%)

Missing 0 1(1%)
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Figure 2 Patient Dispasition Between Treatment Arms
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Reviewer’s Table 2. Reasons for Patient Discontinuation from Study

Table 4 Eeasen: for Patient Discorfinnatien from Study
Eandomized o Bacoren Bandorsized f0 Suppordve Care
Reacon for DMzcorminnsrion N = §8 %= §1
X it} (%)
Complesed Protocol 33 {6 50 (62)
Toeeapy Complated 212 14T
Progrossion of Dissase (AL, 17 {18} 2B (T
RPL 1=d PL
Cezth 1315 7
Crogping 2r Daiabass Lock il 3 (G}
Discontinzapont ' 36 (403 31 (38)
Adverss Svan: S 1y
Parsn: Witlvirew Comsoenr GG 13{1€&
Maver Traaned ${7z § (0}
Cher Jotl) IR 1724y
Talared Codl Tount Febound 134716} § i
Patien: axded tharapy 20 IS
Patizn: songzt ohw oeamsn: N 3¢h
Hems pdmisismacen filuss ol 3 {51
Pzignt non-compiiance i1 3 p4)
Ievastigaioes discration i I8
Bans marrow of steea ceil g 3%
Tazsplam
Newoalarsd wecondary camoer - Rt |
TRUUTSOCE

"Two Dacogsn pasienrs {1143-3142 and 102 5-51+7) repocsed Zaew 25 compiemes hed Sotehed six rreles of mrsatmsct
and were sell = folow-ux 2t dembase lock withen: ez “of study™ Jorme complanad.

For Protocol Deviations, Treatment Compliance, Exposure to Decitabine or Supportive Care by
Cycle, Statistical Considerations of Efficacy Variables, and Study Protocol Amendments see
original review filed on August 29, 2005. '

6.1.4 Efficacy Findings

6.1.4.1 Co-Primary Efficacy Endpoint: Overall Response Rate (CR + PR)

The combined percentage of CR and PR according to the Verified Data Set was used to evaluate
the Overall RR in the ITT and Evaluable Population analyses. To be classified as CR or PR using
MDS IWG criteria, the patient was required to be RBC transfusion independent for 8 weeks
during the time of response. ‘
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Summary of Changes in Outcomes following data verification is shown in Reviewer’s Table 3
(Sponsor’s Table 2 in Data Verification Report — Final).

The overall response rates in ITT and Evaluable Populations are unchanged after the data
verification process. There were 2 patients in the DAC arm whose response assessments changed
as a result of reassessment. One patient with hematological improvement (HI) was reassessed as
having a CR. This patient had a bone marrow and cytogenetic CR response and became
transfusion independent. The second patient originally classified as having a CR was reassessed
as having an HI due to the presence of dysplasia in all bone marrow exams.

The number of patients with hematological improvement (HI), not a primary endpoint, increased
by one in each treatment arm.

The median duration of response in all 15 patients increased from 266 days to 288 days. The
median duration of HI or better in all 27 patients in the DAC arm increased from 253 days to 264
days, while it decreased from 212 to 191 days in the 6 patients with HI in the SC arm.

Reviewer’s Table 3. Summary of Changes in Outcomes (ITT Population)

Various Patient Categories Dacogen Supportive Care
Response Original Revised Original Revised
CR ' 8 8 0 0

PR 7

HI 11 12 5 6
Median Duration of Response (days) 266 288 NA NA
Median Duration of Improvement (days) 253 264 212 191
o - -

% of Patlents RBC trapsfusnon dependent at 39% 23% 27% 15%
baseline who became independent on study

Change in Response (CR + PR)

Response Duration 8 NA
Response Status : ) 2

Change in Improvement (CR + PR + HI)

Improvement Duration 16 1
Improvement Status : 1 1

The revised analysis of Overall Response Rate following the data verification process is shown
below in Reviewer’s Tables 4 and 5 (data from Sponsor’s Table 4).
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Reviewer’s Table 4. Overall Response Rate (CR + PR) in ITT Population

Best Hematological Response Decitabine Supportive Care N=81 p-Yalue
N=89
Complete Response (CR) 8 (9%) 0
Partial Reponse 7 (8%) 0
Overall (CR + PR) 15 (17%) 0 <0.001
Median time to CR + PR (days) 93 (55-272) -
(Range)
Median duration of CR + PR 288 (116 — 388)* -
(days)

*The range is based only on patients with confirmed disease progression dates.

Reviewer’s Table 5. Overall Response Rate (CR + PR) in Evaluable Population

Best Hematological Response Decitabine Supportive Care N=78
N=56 '
Complete Response (CR) 6 (11%) 0
Partial Reponse 6 (11%) 0
- Overall (CR + PR) : 12 (21%) 0
Median time to CR + PR (days) 91 (55-272) -
{Range) ‘
Median duration of CR + PR 288 (116 — 337)*
(days)
*See above.

‘In the ITT analysis, 8 patients had CR and 7 had PR for an Ovetall Response Rate of 17%
(15/89). In the Evaluable Population analysis, 6 patients had CR and 6, PR for an ORR of 21%
(12/56). The median time to response was 93 days, i.¢. after about 2 cycles of therapy. The
median duration of responses was 288 days. As noted above, the median time to response (93
days vs. 89 days) and the median duration of response (288 days vs. 270 days) were only slightly
different in data verified results compared to the originally submitted results.

There were no responders in the SC arm. Hence, these findings were significant (p < 0.001 by
two-sided Fisher’s Exact Test).

Changes in the duration of response in ten patients as a result of data verification are shown in
Reviewer’s Table 6 (Sponsor’s Table 3). Data on patients whose duration of response did not
change as a result of data verification are not shown.
* Patient 1006-5045 originally classified as HI was reclassified as having a CR.
* Patient 1032-5067 originally classified as having a CR was re-assessed as having an HI.
* Two patients who were previously reported as having SD were determined to have HI (1
m DAC arm and 1 in SC arm). _
e There were 2 patients (1 CR and 1 PR) whose duration of response increased and 6
patients (3 CR and 3 PR) whose duration of response decreased.
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* Patients were censored at the time of study discontinuation if the date of disease
progression was unknown. '

These changes resulted in a small increase in the median duration of response, from 266 days to
288 days.

Reviewer’s Table 6. Changes in Duration of Response Following Data Verification

Table3  Changes in Duration of Response Following Data Verification

Original Duration | Revised Duration Overall Change
Patient . Best Response (days) (days) (days)
0121-5065 CR 259 239 -20
0121-5081 CR 319 208 -111
1002-5148, PR 189 ST 188
1003-5070 PR 239 302 +63
1006-5006 PR 131 116 -15
1007-5069 CR 346 388 _ +42
1008-5060 PR 342 >246v -96
1033-5151 Y 294 >175 119
1006-5045. CR NA >36b.4 136
1032-5067. HI 182 NA NA

NA = not applicable
a Patient 1002-5 148 had a bone marrow transplant 35 days after study discontinuation.
b Censored at the time of study discontinuation.

< Change in response status affected the change in response duration.

aNo transfusion data found after date.

6.1.4.2 Response Rate in Patients with AML at Baseline

Nine patients in the DAC arm and three patients in the SC arm had AML at baseline as assessed
retrospectively by the blinded independent hematopathology expert. Of these patients, 5/9 (56%)
in the DAC arm and 0/3 in the SC arm had CR or PR. Among the patients with responses, there
were 2 with CR, 1 with CRi (morphologic CR with incomplete blood count recovery), and 2 with
PR. These limited data suggest that the patients re-classified as having AML at baseline
responded very, well to DAC therapy.
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6.1.4.3 Co-Primary Efficacy Endpoint: Time to AML or Death

The results for this endpoint are unchanged from the original submission, and are shown in
Reviewer’s Table 7 below (data from sponsor’s Table 6 in Clinical Summary - Revised).
According to the co-primary endpoint model in the statistical analysis protocol, p < 0.024 was
required to reach statistical significance. A median time to event was 121 days greater in the
DAC group than in SC group. However, this difference had only a p=0.160 by two-sided log-

rank test.

Reviewer’s Table 7. Time to AML or Death* (ITT Population) at 92 Events

Parameter Decitabine, N=89 Supportive Care, N=81 | p-value
Number of events' (%) 46 (52%) 46 (57%)
Median time to event, days 340 (285 —407) 219 (148 —379) 0.160

(95% CI)

Range, days (min — max)

24 - 624

7-432

*Reflects analysis after 92 events.

Patients who crossed over or never received randomized treatment are censored.

Sponsor’s Figure 5 shows the Kaplan-Meier curves for this endpoint in the ITT population.
There 1s an early separation between the curves, with the DAC curve showing delayed events.
Subsequently, the DAC curve goes to zero because it reflects an actual event, while the
supportive care group is truncated because the largest value is censored.
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Reviewer’s Figure 3

Subgroup analyses of Co-Primary Endpoints. Subgroup analyses of Overall Response Rate

showed only one difference after data verification of results, one female patient with RA was
classified as a responder and a male with RAEB-T, as a non-responder. Subgroup analyses of
Time to AML or Death were unchanged in the results following data verification, and will not be

recapitulated in this review.
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6.1.4.4 Secondary Efficacy Endpoints
6.1.4.4.1 Overall Survival (unchanged from the original review)

In the ITT population, the median survival in the DAC arm was 391 days (range, 24-745)
compared to 417 days (30-797) in the supportive care arm. The difference was not statistically
significant.

6.1.4.4.2 Transfusion Requirements

In September of 2005, RBC and platelet transfusions were verified and entered in a new
transfusion database. MDS IWG criteria were used to define transfusion dependence and
independence, as described above. As a result of transfusion data verification and the application
of the IWG criteria, the percentage of patients who were transfusion dependent and who became
transfusion independent during the study changed, as shown above in Reviewer’s Table 3. These
percentages decreased in both arms — from 39% (35 patients) to 23% (20 patients) in the DAC
* arm and from 27% (22 patients) to 15% (12 patients) in the SC arm. The difference between the
two arms remained, but it decreased from 12% to 8%.

¢ Responder Evaluation. At baseline, 10 of 15 responders were transfusion dependent. Nine
were RBC transfusion dependent and 5 were platelet transfusion dependent. All became
transfusion independent and remained independent during the response. In addition, the 6
patients who were independent at baseline remained transfusion independent during the
response. These data are summarized in Reviewer’s Table 8 (from Sponsor’s Table 8 in
Clinical Summary — Revised). :

Reviewer’s Table 8. Transfusion Status for DAC Responders (CR + PR)

RBC Transfusion Status Platelet Transfusion Status

Dependent at Baseline, N=9 Dependent at Baseline, N=5

Dependent to Independent, N=9 (100%) Dependent to Independent, N=5 (100%)
Independent at Baseline, N=6 Independent at Baseline, N=10

Independent during Response, N=6 (100%) Independent during Response, N=10 (100%)

* HI Responder Evaluation (Reviewer’s Table 9). At baseline 6 patients who were going to
have an hematological improvement - erythropoietic (HI-E) response were RBC
transfusion dependent. All 6 became transfusion independent during response. One
patient was RBC transfusion independent baseline, became dependent during the study
and then independent during response. One patient who was platelet transfusion
dependent at baseline and six who were independent at baseline were all transfusion
independent during the time of response (HI-P).
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Reviewer’s Table 9. Transfusion Status for HI-E and HI-P Responders

RBC Transfusion Status

Platelet Transfusion Status

Dependent at Baseline, N=6
Dependent to Independent, N=6 (100%)

Dependent at Baseline, N=1
Dependent to Independent, N=1 (100%)

Independent at Baseline, N=1
Independent during Response, N=1 (100%)

Independent at Baseline, N=6
Independent during Response, N=6 (100%)

Average number of transfusions per cycle did not decrease in the DAC arm, as shown in
Reviewer’s Table 10 (data from Sponsor’s Table 9 in clinical Summary — Revised). They

increased in both arms.

Reviewer’s Table 10. Average Number of Transfusions per Cycle

Transfusion type Period All Decitabine Supportive Care
N=89 N=81
RBC Transfusions Per Pre-Study (8 weeks) 2.5 1.5
Patient (mean) '
On-Study (6-week 2.8 1.8
cycles)
Platelet Transfusions Pre-Study (8 weeks) 0.7 0.7
Per Patient (mean)
On-Study (6-week 2.0 0.9

cycles)

Responder analysis shows that transfusions decreased in DAC resp“onder_s and increased in non-
responders, as shown in Reviewer’s Table 11 below (data from Sponsor’s Table 9 in clinical

Summary — Revised).

Reviewer’s Table 11. Average Number of Transfusions per Cycle in DAC Responders and
’ Non-Responders

Transfusion type Period DAC Responders DAC Non-Responders,
: N=15 N=74
RBC Transfusions Per Pre-Study (8 weeks) 1.6 2.7
Patient (mean)
On-Study (6-week 0.8% 3.6
cycles) -
Platelet Transfusions Pre-Study (8 weeks) 1.0 0.6
Per Patient (mean) ]
On-Study (6-week 0.7*

cycles)

2.5

*Transfusions were 0 during CR or PR.

The frequencies of RBC transfusion over time are confounded by the decreases in the numbers
of patients in each study arm during the study. Thus, by cycle 6 the number of patients in the
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DAC arm decreased from 89 to 23 and in the Supportive Care arm, from 81 to 15. These data are

shown in the August 30, 2005 review.

6.1.4.4.3 Improvement (CR + PR + Hematological Improvement).

In addition to the 17% CR + PR rate, there were 12 patients (13%) in the DAC arm with
Hematological Improvement by IWG criteria (7 with HI-E Major, 7 with HI-P Major, and 3 with
HI-N Major [patients could have more than one type of a major response]). Six patients in the
Supportive Care arm had HI. The Overall Response Rate (CR + PR + HI) was 30% in the DAC
arm and 7% in the Supportive Care arm. The difference between the two arms was statistically
significant (p < 0.001). These data, as well as median days to response and median duration of
response are shown in Reviewer’s Table 12 (Sponsor’s Table 7) below.

Reviewer’s Table 12. Rate and Duration of Improvement (CR + PR + HI)

Table 7 Rate and Duration of Improvement (CR + PR + HI)
Parameter Dacogen Supportive Care p-Values
Intention to Treat Analysis N=59 N=81
Complete Re:-p{}me {CR) 8 [9%) 0 (3%} -
Partiai Response {PR) 7 (B%a) G (0%} -
Hemstelogas Iprovement (B 12{33% & {7%%)
Overall Response Rate (CR + PR -~ HI) 27 (302 & (745 < 4,601
31 {11-206; 59 (=101 -
264 (504485 191 (71-33y

1 Frosn twe-sided Fisher's Exact Test for equal Improvement {CR + PR + HI) Rare.

The raage v based on patients wod confirmed diseane grogression dates.

Source:

0007 Study Report: Table 14.2.1.1 Independsar Reviewsr's

hentz Table 14.2.1.2 Independent Reviewer's Davs o
: Jable 14.2.1.3 Independemr Reviewer's Duratos
Response — All Patiente; Appendix 16.2.6.2 Listing of Durat

5 Appendix 16.1.9.4.2 Kaplas-Meier Estimates for Dusatios

6.1.4.4.4 Quality of Life Analysis. See August 29, 2005 review.

ssoments of Patients” Responses —
aittal Partial Hespon

iz or Complete

of Paztial Response or
Best Respense to Treatment
of Henmtelogic Impeovement

6.1.4.4.5 Cytogenetic Responses. The only change from the August 29, 2005 review is
the addition of Patient 0121-5002 in the DAC arm. This patient had a major cytogenetic

response.

6.1.5 Clinical Microbiology. The Microbiolo

DAC. See July 15, 2005 review.

gy reviewer recommended approval of
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6.1.6 Efficacy Conclusions. (From August 29, 2005 review with changes as indicated by

the results in the current submission).

1. The co-primary endpoints in the controlled Phase 3 trial were 1) Overall Response Rate
(CR + PR) and 2) Time to Progression to AML or Death. The difference in Overall
Response Rate (17%) in the DAC arm was significantly greater than in the supportive
care arm (0%) (p < 0.001, Fisher’s Exact test). The difference in Time to Progression to
AML or Death between the DAC arm and the SC arm did not reach statistical
significance (p=0.160 by log-rank test, p=0.043 by Wilcoxon test). Thus, efficacy of
DAC was demonstrated by the Overall Response Rate, but not by Time to Progression to
AML or Death. _

2. Responses to DAC occurred in the controlled study and in the two single-arm studies at
similar rates. Reviewer’s Table 13 below shows the data for the ITT populations in the
three studies. The mean ORR for the three studies was 22%.

Reviewer’s Table 13. Summary of Overall Response Rates to DAC in MDS

(ITT Populations)
Response D-0007 PHC 97-19 PHC 95-11 Total,
N=89 N=98 N=66 N=253
Overall (CR + PR) 15 (17%) 24 (24%) 17 (26%) 56 (22%)
CR 8 (9%) 19 (19%) 14 (21%) 41 (16%)
PR 7 (5%) 5 (5%) 3 (5%) 15 (6%)

3. The overall response rates in the Evaluable populations were higher than in the [TT
populations, as shown in the Reviewer’s Table 14 below. The ORR for the three studies was
31%. These higher response rates are to be expected, as patients who failed to complete at least
two cycles of therapy, mostly because of carly deaths, were excluded from the Evaluable
populations. Two cycles of therapy appear to be the minimum length of treatment for a response.
Patients adjudicated to have AML rather than MDS were also excluded from the Evaluable
populations, but this exclusion did not influence the response statistics as AML patients

responded at least as well as MDS patients to DAC therapy.

Reviewer’s Table 14. Summary of Overall Response Rates to DAC in MDS

(Evaluable Populations)

Response D-0007 PHC 97-19 PHC 95-11 Total,
N=56 N=62 =48 N=166
Overall (CR +PR) | 12 (21%) 23 (40%) 17 (35%) 52 (31%)
CR 6 (11%) 19 (33%) 14 (29%) 39 (23%)
PR 6 (11%) 4 (7%) - 3 (6%) 13 (8%)

4. The clinical benefit of DAC-induced responses was normalization of blood counts and bone
marrow blast percentages and elimination of the need for transfusions in patients who were
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transfusion-dependent at baseline. Patients with responses who were pancytopenic but not
transfusion-dependent at baseline had normalization of blood counts. Patients with- responses
who had elevated blast counts in the bone marrow at baseline had normalization of blast
percentages. ‘

5. The median time to response to DAC therapy was 93 days in-the controlled trial. Responses
were long lasting, as shown in Reviewer’s Table 15 below. Median durations of response were

250 and 288 days in two studies and 146 days in one study, with very wide ranges in all studies.

Reviewer’s Table 15. Duration of Response (ITT Populations)

Duration of . D-0007 PCH 97-19 PCH 95-11
Response (days)
Median (range) 288 (116 —388) 146 (1 - 545) 250 (78 — 456)
Mean + SD 269.5+23.7 148 + 25 263+21.3

6. Responses occurred in patients with each of the five FAB subtypes of MDS, as shown in
Reviewer’s Table 16 below. Small numbers of patients in some subtype categories do not permit
comparison of response rates between FAB subtypes. Responses occurred at similar frequencies
among IPSS Intermediate-1, Intermediate-2 and High Risk patients.

Reviewer’s Table 16. Overall Response Rates (CR + PR) by IPSS and FAB Classifications

(ITT Populations)

MDS subtype D-0007 PCH 97-19 PCH 95-11 Total

N=89 N=98 N=66 N=253
FAB Classification
RA 2/12 (17%) 2/9 (22%) 177 (14%) 5/28 (18%)
RARS 0/7 (0%) 172 (50%) - 179 (11%)
RAEB 9/47 (19%) 10/34 (29%) 8/26 (31%) 27/107 (25%)
RAEB-t 3/17 (18%) 5/33 (15%) 524 (21%) 13/74 (18%)
CMML 1/6 (17%) 4/14 (29%) 2/8 (25%) 7/28 (25%)
IPSS Classification* .
Low 0/0 4/6 (67%) 0/1 4/7 (57%)
INT-1 4/28 (14%) 4/18 (22%) 4/19 (21%) 12/65 (18%)
INT-2 7/38 (18%) 7/14 (50%) 6/25 (24%) 20/77 (26%)
High Risk 4/23 (17%) 9/37 (24%) 7/21 (33%) 20/81 (25%)
Total 89 (100%) 75 (77%) 66 (100%)

*Not all patients in PCH 97-19 had cytogenetics and IPSS group could not be determined.

7. Responses occurred at about the same rate in all age groups, as shown in Reviewer’s Table 17
below.
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Reviewer’s Table 17. Overall Response Rates (CR + PR) by Age (ITT Populations)

Age group D-0007 PCH 97-19 PCH 95-11 Total

N=89 N=98 N=66 N=253
Age in years, mean (range) 69 (31-85) 70 (51-87) 68 (37-84)
<65 6/23 (26%) 4/22 (18%) 5/24 (21%) 15/69 (22%)
65-74 7/42 (17%) 11/48 (23%) 5/29 (17%) 23/119 (19%)
=75 2/24 (8%) 9/28 (31%) 5/13 (38%) 16/65 (25%)

8. Response rates in females were higher

(Reviewer’s Table 18).

in males in two of the studies and equal in one study

Reviewer’s Table 18. Overall Response Rates (CR + PR) by Gender (ITT Populations)

PCH 95-11,

Gender D-0007, PCH 97-19, Total

N=89 N=98 ‘ =66 N=253
Male 8/59 (14%) 18/72 (25%) 7/46 (15%) 33/177 (19%)
Female 7/30 (23%) 6/26 (23%) 8/20 (40%) 21/76 (28%)

9. Analyses of response rates by race by race/ethnicity were not performed because most of
the study subjects where White.

10. Response rates were higher in patients with no prior therapy for MDS than in patients
with prior therapy, as shown in Reviewer’s Table 19 below. De novo and secondary MDS
patients had the same response rates.

Reviewer’s Table 19. Overall Response Rates - Subgroup Analyses by Prior MDS Therapy
and Type of MDS (ITT Populations)

D-0007 PCH 97-19 PCH 95-11 Total
Prior MDS ' :
Therapy 3/27 (11%) 1/11 (9%) 0/1 4/39 (10%)
Yes 12/62 (19%) 23/87 (27%) 17/65 (26%) 52/214 (24%)
No
Type of MDS
De novo 13/77 (17%) Not available Not available 13/77 (17%)
| Secondary 2/12 (16%) 2/12 (16%)
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10.

11.

12.

13.

14.

15.

16.

DAC treatment resulted in a statistically longer median Time to AML or Death than SC
in IPSS High Risk patients (260 days vs. 79 days, unadjusted p=0.010 by two-sided log-
rank test), but not in INT-1 and INT-2 patients.

DAC treatment had no effect on overall survival; median survival in the DAC treatment
group was 391 days and in the supportive care group, 417 days. In PCH 97-19 study,
median survival was 468 days, and in PCH 95-11 study, 401 days. Of note is that median
survivals were similar in all three studies.

Rates of Hematological Improvement (CR + PR + HI) were greater and in the DAC
treatment group (30%) than in the SC group (7%). This difference was statistically
significant (p < 0.001). Median duration of improvement was 264 days in the DAC arm
and 191 days in the SC arm. :

In PCH 97-19 study, the rate of Hematological Improvement (CR + PR + HI) was 41%
(40/98 patients). In PCH 95-11 study, the rate of Hematological Improvement was 39%
(25/66 patients).

In Quality of Life analysis, DAC patients had the following statistically superior
parameters than SC patients: global health status, dyspnea and fatigue. In' the supporting
studies, performance status did not change during the course of DAC treatment.

Cytogenetic evaluation. In the DAC treatment arm, 9/48 (1 9%) of patients had a major
cytogenetic response and 1/48 (2%) had a minor response. Among patients with CR + PR
53% (8/15) had a major cytogenetic response. In the SC arm 2 (6%) of patients had a
major cytogenetic response. One had HI and one, progressive disease. There was a lack
of correlation between IPSS Cytogenetic Prognostic Group and response to treatment
with DAC.

The DAC dosage regimen is appropriate for this patient population, since in the
controlled study DAC arm patients received 97% of their prescribed doses.

Temporary changes in treatment regimen occurred in 35% of patients, either delays of the
next cycle (19%), delays of the next cycle and dose reduction (11%) or dose reductions
(5%). Dose delays and dose reductions were due to adverse events.

Limitations of the available data:

1.

The statistical plan of two co-primary endpoints (overall response rate and time to AML
or death) with statistical significance p-values of < 0.024 each was easily met by the
ORR endpoint (p-value of < 0.001). Spontaneous responses in MDS are rare and did not
occur in the SC arm of the controlled trial. DAC treatment did not result in statistically
significant increased time to AML or death, a clinical benefit that may be difficult to
document in MDS for a number of reasons (e. g. the very wide range of survival, the
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advanced age of many patients who may die of other illnesses, the heterogeneity of MDS
with varied probabilities of transformation to AML and of survival).

2. The criteria for responses in the controlled trial are the IWG response criteria for MDS,
specifying not only the changes in the peripheral blood counts and the bone marrow but
the duration of these changes. The earlier response criteria in the Phase 2 trials differ
primarily by the absence of the minimum duration of the hematopoietic changes.

3. The sponsor comments that the rate and durability of response, conversion to a better
response, time to AML or death, and survival could have been negatively impacted by the
design of the randomized trial. (Patients who achieved a CR, or a PR or an HI by Cycle 4
were to receive only two additional cycles of therapy and then be removed from the
study.)

7 INTEGRATED REVIEW OF SAFETY

7.1 Methods and Findings

As described in the August 29, 2005 review, a total of 240 patients with MDS had received DAC
in the three primary studies (154 patients in PCH 95-11 and PCH 97-19, and 83 randomized plus
3 crossover patients in the randomized trial D-0007). The dose of DAC was the same in all 3
studies (15 mg/m* IV every 8 hours for 3 consecutive days). The 4-hour infusion (in two 2-hour
aliquots) in the Phase 2 studies and the 3-hour infusion in the D-0007 trial did not appear to
cause any difference in effectiveness or adverse symptomatology. Data from these studies cannot
be fully integrated. The Phase 2 studies used WHO adverse event grading criteria, the D-0007
trial used NCI CTC. In addition to these three studies, the sponsor submitted older Phase 1/2-
studies in 129 patients with MDS or AML, in which higher dosing regimens were administered.
These studies cannot be pooled because of differences in reporting formats, but the data indicate
primary toxicity to be dose-dependent myelosuppression. '

The 120-Day clinical Safety Update submitted to the FDA on March 1, 2005 contained safety
data from the time of NDA submission on October 29, 2004 to January 31, 2005. The present
submission (Approvable Letter Safety Update) includes data obtained from February 1, 2005 to -
September 30, 2005.

The present Safety Update contains no additional information regarding the completed D-0007
trial, but contains some information from all ongoing sponsor trials under IND 71,160, including
DAC-011, DACO-017, DACO-018, DACO-020, and DACO-021. All SAEs received during the

reporting period are included in this Safety Update.

There are no new conclusions regarding the safety profile of DAC as a result of the safety
information in this submission.
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7.1.1 Deaths

Eighteen patients died while on study during this period, 1 in DACO-017, 3 in DACO-018, 6 in
EORTC D-2108, 7 in EORTC 06011, and 1 in PHI/082. Fourteen patients had received DAC
prior to death, 4 received Supportive Care

Seven deaths were considered as definitely, probably or possibly related to DAC therapy. The
SAEs resulting in deaths were:

One case of febrile neutropenia, pneumonia, and cerebral ischemia,

Four cases of sepsis accompanied by refractory hypotension, or cardiac arrest, or
pneumonia,

One case of renal failure, and

One case of aspergillus pneumonia.

7.1.2 Other Serious Adverse Events

Numbers in parentheses state the numbers of patients in the study.

.In DAC-011 (N=15): 2 cases of febrile neutropenia, 2, of thrombocytopenia, 2 of sepsis,

1 each of chest pain, bacteremia, cellulitis, and cerebral hemorrhage.

In DACO-017 (N=15): 7 cases of febrile neutropenia, 2 of pneumonia, 1 each of diarrhea,
catheter site infection, bacteremia, UTI, and elevated blood creatinine.

In DACO-018 (N=16): 4 cases of febrile neutropenia, 2 each of pneumonia and of chills,
1 each of neutropenia, cellulitis, fungal infection, sepsis, cerebral ischemia, and sensory
neuropathy.

In DACO-020 (N=8): 1 case of febrile neutropenia.

In EORTC D-2106 (06011) (N=132): 3 cases each of febrile neutropenia, sepsis and
pneumonia, 2 cases of neutropenia, and 1 each of cardiac arrest, diarrhea, pyrexia,
bronchial infection, neutropenic infection, septic shock, sinusitis, tooth abscess, and
phlebitis.

In EORTC D-2108 (00331) (N=56): 2 cases each of febrile neutropenia and pyrexia, 1
case each of neutropenia, abdominal pain, diarrhea, gingival edema, vomiting, aplasia,
anaphylactic reaction, pneumonia, aspergillus pneumonia, sinusitis, laryngeal edema, and
stridor.

In PH1/082 (N=33): 1 case of neutropenic infection.

In PH1/094 (N=9): 1 case of neutropenic sepsis.
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e In Protocol === (N=14): 5 cases of neutropenia.

¢ In Protoco] === (N=6): 1 case each of febrile neutropenia, hematemesis, and
vomiting.

7.1.3 Other Significant Adverse Events

Four serious and unexpected treatment-related AE cases were reported during this period. These
were 1) one case of anaphylaxis (swelling of gingival, stridor and swelling of larynx/trachea), 2)
© two cases of elevation of troponin I (probably related to depsipeptide rather than to DAC), and 3)
one case of apical lusters on X-ray, which turned out to be due a tooth abscess, not an
unexpected event.

7.1.4 Other Search Strategies.
A literature search in PubMed revealed no new publications on the safety of DAC.

7.1.5 Common Adverse Events

The most common adverse events in DAC-011 study (N=15) were neutropenia,
thrombocytopenia, anemia, febrile neutropenia, diarrhea, nausea, asthenia, bacteremia and
hypoalbuminemia.

In Protocol ID e study (N=100) the most common adverse events were fatigue, nausea,
dyspnea, hyperbilirubinemia, hypoalbiminemia, limb edema, elevated ALT/AST, cough, and
vomiting. .

These findings are consistent with those prev1ously reported in the original submission and the
120-day safety update.

7.1.6 Less Common Adverse Events. Described above in 7.1.3.

7.1.7 Laboratory F 1nd1ngs Described under adverse events. There are no new findings in
the Safety Update. ,

7.1.8 Vital Signs. See August 29, 2005 review.

7.1.9 Electrocardiograms (ECGs). See August 29, 2005 review.
7.1.10 Immunogenicity. See August 29, 2005 review.

7.1.11 Human Carcinogenicity. See August 29, 2005 review.

7.1.12 Special Safety Studies. See August 29, 2005 review.
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7.1.13 Withdrawal Phenomena and/or Abuse Potential. N/A.

7.1.14 Human Reproductlon and Pregnancy Data. Exposure in pregnant women has not
been reported.

7.1.15 Assessment of Effect on Growth. Effects on growth have not been reported in
human subjects.’

7.1.16 Overdose Experience. Early experience with DAC used 5- to 10-fold higher
doses. There have been no overdoses in the MDS trials.

7.1.17 Postmarketing Experience. DAC has not been marketed in any country.

7.2 Adequacy of Patient Exposure and Safety Assessments

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

See August 29, 2005 review. The Safety Update reports that a total of 150 patients were enrolled
in studies DAC-011, DACO-017, DACO-018, DACO-020, DACO-021 and Protocol ID
at the time of this report. A total of 144 patients have completed at least one cycle of therapy
and, combined, have received a total of 708 patient cycles.

Most of the patients (98) had MDS (ID s=me , DACO-18, DAC0-020 and DACO-021); 33 had
AML (DAC-011, DACO-017, DACO-018 and DACO-021). There were 97 males and 48
females (gender unknown in 5), ages ranged from 39 to 90 years (median ages of 65 to 72 years).

7.2.2 Description of Secondary Clinical Data Sources Used to Evaluate Safety

See review of August 29, 2005.

7.2.3 Adequacy of Overall Clinical Experience

(From August 29, 2005 review).

e Three studies were submitted in this NDA, one controlled by best supportive care arm,
the other two single-arm studies. In all, 240 patients were exposed to DAC in these
studies. In addition, a multi-center Phase 1/2 study enrolled 38 patients, who received
higher doses of DAC than the MDS patients. An EORTC trial of 220 patients randomized
to DAC or placebo is underway. Altogether, this number of patients should prov1de
adequate safety data.

e There are adequate numbers of male and female patients (in about 2:1 ratio, which is
characteristic for MDS).

e There is limited racial or ethnic representation, as most of the study subjects were White
(Caucasian).
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e Doses and durations of DAC in the three studies submitted in this NDA are the same as
proposed in the submitted package insert.

* One best supportive care-controlled randomized study of adequate size supported by two
single-arm studies with similar results is sufficient to answer critical questions.

e There is only one approved drug in this drug class, the ribonucleotide analog, azacitidine.
The toxicity profiles of the two drugs are very similar, if not identical. Both drugs act on
replicating cells, inhibit DNA methylation at CpG islands, induce cell differentiation and
result in cell cytotoxicity. They have no P450 isozyme interaction, are mainly excreted in
bile, but show little hepatotoxicity except in hepatically impaired patients, and little
evidence of renal toxicity in absence of cardiac failure and dehydration.

e The following exclusionary criteria that were used in the trials also are valid for the use
of DAC in practice as the drug may pose additional dangers: autoimmune anemia,
thrombocytopenia, active infection, neutropenia, HIV, uncontrolled cardiac disease,
mental illness or other conditions preventing full cooperation. '

7.2.4 Adequacy of Special Animal and/or In Vitro Testing
See August 29, 2005 review.
7.2.5 Adequacy of Routine Clinical Testing-
.See August 29, 2005 reviéw.
7.2.6 Adequacy of Metabolic, Clearance, and Interaction Workup

See August 29, 2005 review.

7.2.77 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

See August 29, 2005 review.

7.2.8 Assessment of Quality and Completeness of Data

See August 29, 2005 review.

7.2.9 Additional Submissions, Including Safety Update

See above in 7.1.
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7.3 Summary of Selected Drug-Related Adverse Events, Important Limitations of
Data, and Conclusions

(From August 29, 2005 review)

e Virtually all patients treated with DAC reported adverse events, more than patients in the
control arm. '

¢ Most common adverse events were hematologic, especially thrombocytopenia, febrile
neutropenia, leukopenia, and anemia.

e Likewise common were gastrointestinal disorders, such as nausea, vomiting,
constipation, diarrhea, abdominal pain, stomatitis, dyspepsia and ascites.

¢ Infections were common, probably related to leukopenia, and included pneumonia,
catheter infections, skin infections, and fungal infections.

¢ Fever, lethargy, peripheral edema, a variety of pains, headaches, hypesthesias, dizziness,
insomnia, and confusion occurred more commonly in the DAC group than in tHe control
group.

e Ecchymoses, patechiae, pallor, rashes, erythemas and other skin disorders were more
common in the DAC group than in the control group.

e Hepatic enzyme elevations and renal function abnormalities were rare and their
relationship to DAC uncertain.

e There were no drug-related deaths. (Note: see 7.1.1 above)

e SAESs were related to the MDS and mechanism of action of the drug resulting in
neutropenia and infection, anemia and cardiovascular complications, thrombocytopenia
and hemorrhage.

7.4 General Methodology

7.4.1 Pooling Data Across Studies to Estimate and Compare Incidence

The adverse events tables for controlled study D-0007 and the Phase 1I studies cannot be ful]y
integrated for reasons stated in 7.1. The incidence of many adverse events appear to be similar,
but hematological adverse events are unexplainably less frequent in the Phase II studies.

7.4.2 Explorations for Predictive Factors
See August 29, 2005 review.
7.4.3 Causality Determination
Since the pathophysiology of MDS results in similar adverse events as DAC, the sponsor chose

to use a numerical difference between DAC-treated patients and supportive care patients
experiencing a particular event to determine causality.
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8 ADDITIONAL CLINICAL ISSUES

8.1 Dosing Regimen and Administration

(From August 29, 2005 review).

The dosing schedule used in the three studies described in this NDA, which resulted in similar
efficacy and safety, lends confidence to this dosage regimen. In the controlled study, DAC arm
patients received 97% of prescribed doses.

e Thus, the starting dose of 15 mg/m? infused i.v. over 3 hours every 8 hours for three days
every six weeks is an appropriate starting dose.

e Dose modifications depended on adverse events or lack of efficacy.

e There were no dose modifications for patients with hepatic or renal impairment, as these
patients were excluded from the studies.

e Effect of food was not specifically investigated, since the drug is administered i.v.

The regimen can be improved in the following areas:

* DAC would be easier to administered if it could be administered subcutaneously rather
than intravenously, or intravenously once daily over a shorter infusion period. These
studies are being carried out either by the sponsor or by academic investigators. The most
promising regimen appears to be 20 mg/m’ infused i.v. over 1 hour once daily for 5 days
every 4 weeks. This regimen appears to be at least as effective and safe as the above
regimen; however, only relatively few patients been so treated, makmg this conclusion
premature.

Appropriate dose modifications should be explored for patients with mild to moderate hepatic or
renal impairment.

8.2 Drug-Drug Interactions

The use of concomitant medications paralleled the pattern of adverse events observed. For that
reason, concomitant medications were used far more frequently in the DAC group. Possible
potentiation by tamoxifen in causing severe thrombocytopenia (40,000/mm?) with subsequent
intracerebral bleeding occurred in one case.

8.3 Special Populations

Race. As noted above, the few non-White patients (4% African Americans, 2% from other
origins) precluded analysis by race. About 93% of patients were White in the D-0007 trial. In the
Phase II trials from Netherlands, Belgium and Germany most patients were presumed White, but
racial background was not always entered in CRFs.

Gender. Data are fully presented in the August 29, 2005 review. In summary, in the randomized
D-0007 trial
* Males in the DAC arm reported the following adverse events more frequently than
females : neutropenia, thrombocytopenia, anemia, abdominal pain, fever, asthenia,
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hyperbilirubinemia, pneumonia, cellulitis, staphylococcal infections, hyponatremia,
erythema, splenomegaly, dyspnea, and sweating.

e Females in the DAC arm reported the following adverse events more frequently than
males: febrile neutropenia, nausea, constipation, loose stools, stomatitis, headache,
crackles in the lung, ecchymosis, pruritis and patechiae.

» Males in the SC arm reported the following adverse events more frequently than females:
febrile neutropenia, splenomegaly, cardiac disorders, constipation, fever, pneumonia,
cellulites, nervous system and psychiatric disorders, cough, dyspnea, ecchymosis,
erythema, hyperhidrosis, and patechiae.

e Females in the SC arm had the fewest adverse events. The only adverse event in which
they surpassed males was headache.

Even though the numbers of events were probably too small to draw conclusions, at least a
doubling of patients with adverse events (male vs. female) in a background where these adverse
events are low in the SC arm suggest the following as possibly reflecting significant differences -
between genders:

e In males, splenomegaly, abdominal pain, hyperbilirubinemia, pneumonia, and erythema.

¢ In females, febrile neutropenia, and stomatitis.

8.4 Pediatrics. MDS is rarely seen in the pediatric age group.

8.5 Advisory Committee Meeting. There are no plans present this application to the
Oncology Drugs Advisory Committee.

8.6 Literature Review. See August 29, 2005 review.

8.7 Postmarketing Risk Management Plan

There is an on-going EORTC trial in which MDS patients have been randomized to DAC or SC,
and the primary endpoint is overall survival.

8.8 Other Relevant Materials. None.
9 OVERALL ASSESSMENT

9.1 Conclusions

1. DAC i1s an agent that reduces hypermethylation of DNA, which is common in MDS.
Decreased hypermethylation (or hypomethylation) of DNA is thought to result in -
restoration of normal growth control in hematopoietic cells. As a result, a response to
DAC results in complete or partial normalization of blood counts and bone marrow blast
percentages (where previously abnormal), and patients are no longer dependent on
transfusion of RBCs and/or platelets. Elimination of transfusion dependence results in
decreased discomforts and decreased risks of transfusion hemosiderosis, transfusion
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reactions, and possible infections. DAC treatment has not been shown to decrease the risk
of development of AML or to increase overall survival.

2. The data in this submission demonstrate that a minority of MDS patients (about 17%-
26% in the ITT populations of the three studies) had long-lasting complete or partial
responses to DAC. In the controlled trial, 17% of patients in the DAC treatment arm had
a response, while none of the patients in the supportive care arm had a response. This
difference in response rates between the two arms was highly significant (p <0.001).

3. The response rates were higher in those patients who were able to complete at least two
cycles of therapy, the minimum required for a response. Among these patients, the
response rates were about 21% to 40% in the three studies (the wide range in response
rates between studies may have been due in part to differences in definitions of
responses).

4. The responses were long-lasting. Median ranges for the three studies were 146, 250, and
288 days in the three studies.

5. Thus, DAC is useful for eliminating transfusion dependence in patients with complete
and partial responses and also in Hematological Improvement patients (whose responses
failed to meet the criteria for partial response). About 28% to 41% of DAC-treated
patients lost the need for transfusions.

6. Subgroup analyses showed that responses to DAC occurred at similar frequencies in all
FAB classification subtypes, in High-Risk, INT-2 and INT-1 IPSS subtypes, in all age
ranges, in both genders, in patients with prior therapy for MDS and in patients without
prior therapy, and in de novo MDS and secondary MDS. IPSS prognostic group did not
predict the probability of response.

7. Major and minor cytogenetic responses occurred in about one-half of complete and
partial responders.

8. Quality of life analyses showed improved global health status, dyspnea and fatigue in the
DAC treated patient group but not in supportive care patient group.

9.2 Recommendation on Regulatory Action

1. The data presented in this NDA suppbrt the approval of DAC for treatment of MDS patients
with all FAB subtypes and High-risk, INT-2, and INT-1 IPSS subtypes, previously treated as
well as untreated patients, and patients with de novo or secondary MDS.

2. DAC is an inhibitor of DNA methylation, promoting differentiation of hematopoietic cells,
and is also a cytotoxic agent causing cell cycle arrest and apoptosis. It is effective in about 17%
to 26% of MDS patients in completely or partially restoring normal blood cell counts and normal
percentage of blasts in the bone marrow, and in reducing or eliminating transfusion dependence.
The therapeutic effects are generally long lasting. DAC treatment has not been shown to result in
survival benefit. The goals of decitabine treatment should be to restore normal blood cell counts
and bone marrow blast percentages and to eliminate transfusion dependence. :
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3. The dose of decitabine is 15 mg/m? administered intravenously over 3 hours; this dose is
repeated every 8 hours for 3 days every six weeks. The dose is adjusted according to blood cell
counts. Patients should be treated for a minimum of four 6-week cycles.

4. Reviewer’s recommendations for decitabine (Dacogen™) labeling are incorporated into this
review.

9.3 Recommendation on Postmarketing Actions

9.3.1 Risk Management Activity

Postmarketing safety reports (21 CFR 314.80).

9.3.2 Required Phase 4 Commitments

None.

9.3.3 Other Phase 4 Requests

* Asnoted above, a controlled trial, in which MDS patients are randomized to DAC or
placebo with overall survival as the primary endpoint, is on-going under EORTC
auspices.

* Studies of metabolism of decitabine, in particular whether any of the cytochrome P450
enzymes is involved in the biotransformation of decitabine,

* Studies of pharmacokinetics and safety of decitabine in patients with mild hepatic
impairment,

* Studies of pharmacokinetics and safety of decitabine in patients with mild to moderate
renal impairment, and

* Studies of dosing regimens that arc at least as effective as the present one, and can be
administered without a three day hospitalization.

9.4 Labeling Review

Sponsor’s proposed labeling was extensively changed. See section 10.1.

The trade name was reviewed by Division of Medication Errors and Technical Support
(DMETS); there are no issues with the proposed name.

A medication guide is not necessary, as DAC will be administered by health care professionals.
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Deputy Office Director Memo

Re: NDA Submission Number 21-790
Sponsor: SuperGen Pharmaceuticals
Product: Decitabine, Dacogen™
Submission Date: November 1, 2004

PDUFA Action Date: September 1, 2005

Brief summary and recommended action

SuperGen Pharmaceuticals seeks market approval for decatibine (Dacogen™), a
nucleoside analogue, for the treatment of patients with Myelodysplastic Syndrome
(MDS). The reviews from each discipline are complete. I concur with the
recommendation for an Approvable Action based on deficiencies identified during
inspection of the two largest enrolling centers that participated in the major efficacy trial,
as described below. The CMC, Pharm/Tox, Microbiology, and Biopharm reviews have
not uncovered major deficiencies.

Clinical/Statistical/Scientific Integrity issues: The efficacy data are derived from a single
randomized, controlled phase 3 trial of Dacogen™ vs (best) supportive care in 170
patients with histological MDS of all subtypes and two phase 2 non-controlled trials in
similar patient populations, with sample sizes of 66 and 98 subjects. In the phase 3 trial,
referred to as D-0007, the Dacogen™ arm received dacatibine at 15 mg/m* injection as

- nine 3-hour infusions over 3 days (one infusion every 8 hours for 3 days) per 6-week

- cycle administered in the hospital, clinic, or through home infusion care. The dose and
schedule were selected based on phase 1 and phase 2 studies in MDS and other disease
populations.

D-0007 was designed with the co-primary efficacy endpoints: (a) proportion of
responders (CRs + PRs) and (b) time to progression to Acute Myeloid Leukemia (AML)
or death. The phase 2 supportive studies were primarily designed to assess response rate.
Definitions for response in trial D-0007:

CR is defined as follows:

Bone marrow: Repeat bone marrow showing >5% myeloblasts with normal maturation of all cell lines,
with no evidence for dysplasia. .

Peripheral blood (values must last at least 2 months): Hgb > 11g/dL, ANC > 1500/mm”, platelets >
100,000/mm” (patient not receiving erythropoietin, myeloid growth factor, or thrombopoietic agent),
absence of blasts, absence of dysplasia.

PR is defined as follows:

Bone marrow: Blasts decreased by 50% or more over pretreaiment, or a less advanced MDS FAB
classification than pretreatment, normal maturation of all cell lines, without evidence of dysplasia.
Peripheral blood: As in CR.

Of note, in order to be classified as a CR or PR, the patient must have been transfusion
independent for a minimum of 8 weeks in absence of administration of growth factors
during the period of response.



As per Dr. Kaminsky’s medical officer review, noteworthy findings from the phase 3 trial
include a significant difference in the ITT population between dacatlbme treated patients
and controls in overall response rate:

Parameter Dacogzen Supportive Care p-valusst
Enrention to Treat Analysis N=§9 =81
Complets Response (CR) g et G (0% -
Partizl Rasponse (PR} 8% G0y -
Overall Respomse Rate (CR + PR} I5(17%) O (ka) < 9.001
Midiar: time to (TR -+ PR} rzsponsa {days) (Range) 82 {53153 i -
Medise Duration of {CR + PR} respanse (davs) 266 (131-346) 3] -

The findings from the more clinically meaningful endpoint of time to progression to
AML or death were not significant at p < 0.025 (pre-specified level of significance for
co-primary endpoints) See table below.

LT.T. population — time to progression to AML or death

Parameter Decatibine, Supportive care | p-value
N=89 N=81

Number of events (%) 46 (52%) 46 (57%)

Median time to event, days 340 (285-407) 219 (148-379) 0.043, 0.160*

(95% CI)

Range, days (min — max)

24 - 624

7-432

*p=0.0043 two-sided Wilcoxon test for homogeneity of survival distributions, p=0.160

‘two-sided log-rank test.

However, because the endpoint of response rate includes transfusion independence, even
the finding of a significant difference in this outcome measure alone is a demonstration of
clinical benefit in its own right and could therefore support a full approval. Thus,
verification of transfusion requirements and transfusion independence is critical to
ensuring the intergrity of these outcome measurements. A bioresearch monitoring
inspection was carried out by the Division of Scientific Investigation at the two largest
enrolling sites in the phase 3 trial. The finding that transfusion data could not be verified
in a high proportion of the records evaluated (approximately 50%, or 6/12 records at one
site and 3/11 records at the second site) as well as other protocol violations and
deviations; see the consult from DSI) led to the conclusion that data collected by these
two sites are unreliable. The approvable letter contains the request to either confirm
transfusion requirements in study D-0007 or submit results of response rates and
transfusion requirements from an ongoing, EORTC sponsored, randomized, controlled
trial of Dacogen™ when such data are available.

The phase 2 trials enrolled a patient population and used a dosing regimen similar to that
in D-0007. The primary outcome measure for both trials was best hematologic response.
Response rates were similar for both trials; approximately 25%. Because the definition
of response differed from the phase 3 trial and there was no internal control, these data




can provide supportive evidence for drug effect but cannot be used to draw firm
conclusions about efficacy or safety.

In the controlled trial, D-0007, hematologic and gastro-intestinal toxicities weré the main
category of adverse events that were observed at higher rates relative to the controls. As
per Dr. Justice’s division director memo, I concur that the adverse event profile is
acceptable in relation to the clinical benefit of eliminating or reducing transfusion
dependence. This further underscores the need for data verification to confirm clinical
benefit.

In summary, I concur with the review division’s recommendation to issue an approvable
letter for this application. Approval will require submission of an amended application
addressing the clinical deficiencies described above.

ears This Wway
On Origind!
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4 LIST OF ABBREVIATIONS AND DEFINITION OF TERAMIS

Abbreviation
950 1
AE
ALL
ALT
AML
ANC
Ara-C
AST
b.id

%1
BN rags
BP
BSA
BUN
Bx
cAMP
CBC
CFR
cGCP
cGMP
Cl
cm
AL
cOoPD
CR
CRA
CRT
CT
CTC
CVA
DAC
dL
DNA
ECG
ECOG
EMEA
EORTC
EOPZ
EPO
FAB
DA
y-GT

93% cenfidence mterval

adverse event

acute lymphoblastic leukemia

alanme amunotransferase (see also SGPT)
acute myeloid leukemia

absolute neutrophil count

cytostne arabinoside ,

aspartate amunotransferase (see also SGOT)
twice daily

bone marrow

Brown Norway rats

blood pressure

body surface area

blood urea nitrogen

biopsy

cyclic adenosine monophosphate

complete blood count

Code of Federal Regulations

current Good Clmical Practices (as defined in CFR and ICH Guidelines)
currett Good Manufacturing Practices
confidence mterval

centuneter

chronic myelomonocytic leukemia

chronic obstructive pulmonary disease
complete response

Clinical Research Associate

case repori form

computerized tomography

common foxicity criteria

cerebrovascular accxdent

Dacogen, decitabine (5-aza-2-deoxvevtidine)
deciliter

deoxyribonucleic acid

electrocardiogram

Eastern Cooperative Oncology Group
European Medicines Agency

Eurepean Orgamzation for Research & Treatment of Cancer
End of Phase 11 {meeting with FDA)
erythrepotetin :
French-American-British Co-operanive Study Group classification system
Food and Drug Admnistration
gamma-ghitamyl-transpeptidase
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LIST OF ABBREVIATIONS AND DEFINITION OF TERMS (Cont’d.)

Abbreviation

G-CSF
GI
GM-CSF
h

Hcet
Hb
HBsAg
hCG
HI
HI-E
HI-N
HI-P
HIV
HLGT
HLT
HMBA
HPLC
IC
ICH
IDSR
IEC
IND
IPSS
IQR
IRB
IsSCX
ITT
IVRS
IWG
LV,

L

LDH
MAC
n

M

m
MDS
MedDRA
min
mL
NA
NCT

Definition

granulocyte colony-stimulating factor
gastrointestinal |
granulocvte-macrophage colony-stimulating factor
how(s)

hematocrit

hemoglobm

hepatitis B surface antigen
human chorionic gonadotropin
hematologic improvement

Jhematologic improvement, erythroid

hematologic nnprovement, neutrophils
hematologic mmprovement, platelets
human mumunodeficiency virus

MedDRA high level group term

MedDRA highest level term
hexamethylenebisacetamide
high-performance liquid chromatography
Informed Consent

International Conference on Harmonization
Investigational Drug Shipping Request

- Independent Ethics Commuitiee

Investigational New Drug application
International Prognostic Scoring System
Interquartile range

Institutional Review Board :
International System for Human Cytogenetic Nomenclature
tention-to-treat (patient population)
Interactive Voice Response System
International Working Group
mtravenous(ly)

liter

lactate dehydrogenase

Mycobacterium avium complex

minute

molar (mele/L)

square meters

myelodysplastic syndromes

medical dictionary for regulatory activities
minimum

mulliliter

not applicable

National Cancer Institute (US)
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LIST OF ABBREVIATIONS AND DEFINITION OF TERMS (Cont’d.)

Abbreviation Definition

ND not done

NE not evaluable

nm nanometer

M nancMolar

PAC Port-a-Cath

PD progressive disease

PI principal mvestigator

PK pharmacokinetics

Plt. ct. platelet count

p.o. by mouth (per os)

PR partial response

PRBC packed red blood cells

PT MedDRA preferred term

QLQ quality of life questionnaire

QC quality control '

RA refractory anemia

RAEB refractory anemia with excess blasts
RAEB-t refractory anemia with excess blasts in transformation
RAF Return Authorization Form

RARS : refractory anemia with ringed sideroblasts
RBC red blood cell

RPD rapidly progressive disease

SAE serious adverse event

SD stable disease

+SD ' tstandard deviation

SGOT serum glutamic-oxaleacetic transaminase (see also AST)
SGPT serum glutamic-pyruvic transaminase {also ALT)
S50C » MedDRA system organ class '
SOP standard operating procedure _

T ' terminal elinnnation half-life (of drug)
TIA transient ischemic attack

TBP Therapeutic Products Directorate {Canada)
USP United States Pharmacopeia

UA : urinalysis

UE unevaluable -

ULN upper lmit of normal range (laboratory)
WRC white blood cells,

WIC writtenr mformed consent

WHO World Health Organization

us microliter

uM microMolar
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1. EXECUTIVE SUMMARY

1.1 Recommendation on Regulatory Action

1. Approval of decitabine for treatment of patients with myelodysplastic syndrome (MDS). The
data in this NDA were reviewed as submitted. As described below, these data suggest that
decitabine is approvable for the stated indication. However, inspections of the two largest
sites of subject enrollment by the Division of Scientific Investigations led to the conclusion
that data collected by these two sites are unreliable (see below in 4.3 Data Quality and
Integrity). Therefore, from a clinical perspective, approval of decitabine is contingent on
the submission by the sponsor of verifiable data supporting the efficacy and safety of
decitabine in MDS.

2. Decitabine is an inhibitor of DNA methylation, promoting differentiation of hematopoietic
cells, and is also a cytotoxic agent causing cell cycle arrest and apoptosis. It is effective in about
17% to 26% of MDS patients in completely or partially restoring normal blood cell counts and
normal percentage of blasts in the bone marrow, and in reducing or eliminating transfusion
dependence. The therapeutic effects are generally long lasting (median durations of response
were 146 to 266 days). Decitabine treatment has not been shown to result in survival benefit.
Responses to decitabine have been shown to occur in patients with all FAB subtypes, with High-
risk, INT-2, and INT-1 IPSS subtypes, in previously treated as well as untreated patients, and in
patients with de novo or secondary MDS.

3. The dose of decitabine is 15 mg/m” administered intravenously over 3 hours; this dose is
repeated every 8 hours for 3 days every six weeks. The dose is adjusted according to blood cell
counts. Patients should be treated for a minimum of four 6-week cycles. A complete or partial
response may take longer than 4 cycles. Treatment may be continued for as long as the patient’
continues to benefit.

4. Reviewer’s recommendations for decitabine (Dacogen™) labeling are not incorporated into
this review for reasons stated above.

1.2 Recommendation on Postmarketing Actions

1.2.1 Risk Management Activity

Standard procedures for adverse event reporting.
1.2.2 Required Phase 4 Commitments
Completion of EORTC 06011 Phase III randomized trial of intravenous low-dose decitabine

. versus supportive care in elderly patients with primary MDS, secondary MDS or Chronic
Myelomonocytic Leukemia (CMML) who are not eligible for intensive therapy.

8
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1.2.3 Other Phase 4 Requests

The sponsor should evaluate in the post-marketing phase

* Metabolism of decitabine, in particular whether any of the cytochrome P450 enzymes is
involved in the biotransformation of decitabine,

e Pharmacokinetics and safety of decitabine in patients with mild hepatic impairment, and

* Pharmacokinetics and safety of decitabine in patients with mild to moderate renal
impairment. ‘

¢ Dosing regimens that are at least as effective as the present one, and can be administered
without a three day hospitalization.

1.3 Summary of Clinical Findings

1.3.1 Brief Overview of Clinical Program

Product name, class, starting dose and route of administration: Dacogen™ for Injection contains
decitabine, an analogue of the natural deoxyribonucleoside 2’-deoxycytidine. Decitabine
promotes cell differentiation and is also cytotoxic. Dacogen is administered by a 3-hour
intravenous infusion at a starting dose of 15 mg/m* every 8 hours for three days every 6 weeks.
Indications and populations studied: Adult patients with all FAB subtypes of myelodysplastic
syndrome.

Number of pivotal efficacy and safety trials: One Phase III controlled trial, supported by two
single-arm Phase II trials.

Number of patients enrolled in the primary trials: 170 in the Phase 111 trial and 164 in the Phase
H trials.

Overall number of patients in the safety database and extent of exposure: 240 patients in the
three primary studies and 183 patients in six ongoing studies. In the Phase III controlled trial,
the average dose per treatment cycle was 247 mg, median number of cycles was 4, and the
median cumulative dose received was 735 mg (range, 203-2614 mg).

1.3.2 Efficacy

Efficacy of decitabine in treatment of MDS is demonstrated in the controlled, randomized Phase
III trial D-0007, in which of 89 patients randomized to decitabine 83 were treated with decitabine
(plus 3 crossover patients from the supportive care arm) and 81 patients received supportive care
only. Similar efficacy results were found in the two single arm, multicenter Phase 11 studies,
PCH 95-11 and PCH 97-19, in which 66 patients and 98 patients, respectively, were treated with
decitabine. All three trials had enrolled patients with MDS of all FAB subtypes and of high-risk,
intermediate-2 and intermediate-1 IPSS categories.
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Endpoints: There were two primary endpoints in the controlled trial, overall response rate
(complete or partial) and time to progression to acute myeloid leukemia or death. Secondary
endpoints included survival, transfusion requirements, overall response rate plus the rate of
hematological improvement (a lesser than partial response), quality of life measures, and
cytogenetic response. The primary endpoints in both Phase 11 studies were best hematological
response (defined as complete remission, partial remission, improvement, stable disease, relapse,
or progression), transfusion requirements, and changes in performance status.

Endpoint issues:

The sponsor initially proposed overall response rate as the primary endpoint for the
controlled trial, while the Agency suggested time to progression to AML or death. Both
became co-primary endpoints. The possibility of achieving a statistically significant delay
in time to progression to AML or death with decitabine treatment was suggested by the
CALGB 9221 trial in which MDS patients were treated with azacitidine, an agent with a
similar mechanism of action. A later statistical analysis of this trial by the Agency
concluded that such a delay was not demonstrated. Thus, there is so far no evidence that
any agent is effective in prolonging the time to progression to AML or death in MDS
patients.

The definitions of overall response rates differ between the pivotal controlled trial and the
Phase II studies, as criteria for response rates changed with publications by international
working groups. The main difference is that a complete or partial response by the later
criteria needs to be maintained for at least 8 weeks, while the earlier criteria have no such
requirement.

Efficacy Conclusions:

(Please see Executive Summary 1.1. The conclusions below were based on data as

submitted).

Patients treated with decitabine had an overall response rate of about 17% (in ITT
population) as compared to no responses in the supportive care patients. This difference
was statistically significant (p < 0.001). Decitabine-treated patients in the single-arm
studies had overall response rates of 24% and 26% (ITT populations).
Time to progression to AML or death was not significantly différent in decitabine-
treated patients from that in supportive care patients (p=0.160).
The clinical benefit of decitabine-induced responses was normalization of blood counts
-and bone marrow blast percentages and elimination of the need for transfusions in-
patients who were transfusion-dependent at baseline.
The responses were long-lasting. The median durations of responses were 266 days,
146 days, and 250 days in the controlled trial D-0007, PCH 97-19 study, and PCH 95-
1T study, respectively. The median time to response in the controlled trial was 89 days.
Subgroup analyses revealed:
o Patients with MDS of all FAB subtypes and IPSS classifications had
approximately similar response rates.
o Patients of all age ranges had similar response rates.

10
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Female patients had twice the response rates of male patients in two of the
studies, and about the same response rate as male patients in the third study.
This reviewer, in light of similar response rates in female and male MDS
patients in the azacitidine trials, is not convinced that there is gender difference
in response rate to decitabine.

Response rates were not analyzed by race/ethnicity, because more than 90% of
the subjects were White. :

Responses occurred in patients with or without prior therapy for MDS and in
patients with de novo and with secondary MDS, although there were too few
patients with secondary MDS or with prior therapy for MDS to make
comparisons of response rates.

* Analyses of secondary endpoints revealed:

O
o}

Decitabine treatment had no effect on overall survival.

Decitabine treatment resulted in decreased RBC and platelet transfusion
requirements in transfusion-dependent patients, and decreased the risk of
patients becoming transfusion-dependent.

Febrile neutropenia occurred more frequently in decitabine-treated patients than
in supportive care patients. :
Hematological Improvement rates (Complete Response plus Partial Response
plus Hematological Improvement) were higher in decitabine-treated patients
than in supportive group patients. _

In Quality of Life analyses, decitabine-treated patients had statistically superior
global health status, dyspnea and fatigue.

About 19% (9/48 patients with clonal abnormalities at baseline) had a major
cytogenetic response (no abnormality) and 2% (1/48) had a minor cytogenetic
response (= 50% reduction in abnormal metaphases) in the decitabine treatment
arm. About one-half (8/15) of patients who had a CR or PR had a major
cytogenetic response. About 6% (2/33) of patients in the supportive care arm
had a major cytogenetic response.

Dosage regimen is appropriate, since controlled trial patients received 97% of the prescribed
dose. Delays of treatment and dose reductions in subsequent cycles occurred in about one-third

of patients.

Role in armamentarium: The efficacy of decitabine in MDS is similar to that of azacitidine as

measured by response rate.

1.3.3 Safery

(Please see Executive Summary 1.1. The conclusions below were based on data as

submitted).

* A total of 240 patients with MDS received decitabine at the same dose as specified in the
NDA in the three primary studies. Decitabine was administered in cycles of 6 weeks, and
the median number of cycles was 3, with some patients receiving up to 9 cycles.

i1



Chnical Review

E. Kaminskas, M.D.
NDA 21-790
Dacogen™ (decitabine)

* There were no deaths that were attributed to DAC toxicity, although thrombocytopenia
aggravated by DAC treatment may have contributed to bleeding, including intracerebral
hemorrhage. The number of deaths was greater in the supportive care arm than in the
DAC treatment arm during the study period; however, the total number of deaths during
the total observation period was about the same in both arms. Disease progression to
AML and infection were the most common causes of death in both arms.

* Hematological adverse events (neutropenia, febrile neutropenia, thrombocytopenia,
anemia and leukopenia) were prominently more common in the decitabine arm than in
supportive care arm. Hematological adverse events did not decrease with successive
cycles unless the patient had a response. Gastrointestinal disorders (nausea, constipation,
diarrhea, vomiting, abdominal pain, stomatitis, dyspepsia and ascites) were more
common in the decitabine arm than in the supportive care arm. They decreased after the
first two cycles of decitabine therapy with appropriate medications. Fever, bacterial and
fungal infections, painful joints or muscles, backaches, chest wall discomfort, headache,
insomnia, confusional state, ecchymoses, pallor, erythemas, alopecias and skin disorders
were also more common in the decitabine arm than in the supportive care arm. There
were no greater than grade 2 hepatic or renal function abnormalities. Vital signs reflected
general clinical condition rather than MDS or decitabine therapy.

* Adverse events (thrombocytopenia, lymphadenopathy, neutropenia, pneumonia, M.
avium infection, cardiac arrest, and elevated liver function tests) led to discontinuation of
decitabine therapy in 10% of patients, and of withdrawal from the supportive care arm in
2% of patients (because of COPD and of dyspnea). About 19% of patients had dose
delays, about 5% of patients had dose reduction, and about 11% of patients had dose
reduction and dose delay.

e There are no safety data on pregnant or lactating women (who were excluded from
enrollment), or on infants and children (MDS is very rare in childhood) in this
submission.

* Overdose data is available from older studies in which patients were treated with several-
fold higher decitabine dosages. The main toxicity was hematological.

* The most common adverse events due to decitabine overlap those of MDS, making
attribution and safety evaluation difficult. Decitabine therapy is effective in eliminating
or reducing transfusion dependence, and the adverse events appear to be tolerable for the
achievement of this goal.

1.3.4 Dosing Regimen and Administration

Decitabine is administered by a 3-hour intravenous infusion at a starting dose of 15 mg/m’ every
8 hours for three days every 6 weeks.

1.3.5 Drug-Drug Interactions

Severe thrombocytopenia was reported in a patient receiving decitabine and tamoxifen with
bleeding and subdural hematoma. Antineoplastic agents appear to accentuate tamoxifen-
associated thrombocytopenia, which has been reported with tamoxifen monotherapy as well.
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1.3.6 Special Populations

There is no information on patients with hepatic or renal impairment because they were excluded
from the trials. There is limited information on patients of different races/ethnic backgrounds
other than White.

2. INTRODUCTION AND BACKGROUND

2.1 Product Information

Dacogen™ for Injection contains 5-aza-2’-deoxycytidine or decitabine (abbreviated as
DAC in the rest of the review), an analogue of the natural deoxyribonucleoside 2’-
deoxycytidine. In 5-aza-2’deoxycytidine the carbon at position 5 of the pyrimidine ring is
replaced by a nitrogen (see Figure below).

Dacogen™ for Injection is a white sterile lyophilized powder supplied in a clear colorless
glass vial. Each vial contains 50 mg decitabine, potassium dihydrogen phosphate and.
sodium hydroxide. It is to be reconstituted with 10 mL of Sterile Water for Injection and
then further diluted with 5% D/W, NS, or Lactated Ringer's for intravenous (IV) infusion.
The final drug concentration is to be 0.1 — 1.0 mg/mL.

The generic name is decitabine.

The chemical name is 4-amino-1-(2-deoxy-f-D-erythro-pentofuranosyl)-1,3,5-triazin-

2(1H)-one,

Proposed trade name is Dacogen™.

Hz

N
PN
N \\f\i
lil

H

AR

1
2
G

It is a new molecular entity (NME).
Pharmacologic class: decitabine is an antineoplastic agent. It is incorporated into DNA

- following phosphorylation to 5-aza-dCTP and is a specific inhibitor of the DNA

methyltransferase enzymes. DNA methylation occurs after DNA replication and involves
the transfer of a methyl group from S-adenosyl-methionine to the position 5 of the
deoxycytidine residues. These reactions are carried out by DN A-methyltransferases I, IIla
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and HIb. Decitabine is able to inhibit DNA methylation by the formation of a stable
complex between the DNA methyltransferase enzymes and 5-aza-cytosine-substituted
DNA. In general, methylation of DNA represses gene expression, whereas demethylation
results in gene activation. In mammalian cells, about 5% of the doxycytidine residues in
DNA are present as 5-methyldeoxycytidine. By inhibiting DNA methylation, decitabine
prevents DNA hypermethylation of CpG islands associated with a variety of tumors and
MDS. By hypomethylation of replicating DNA, decitabine induces neoplastic cell
differentiation into normal cells. Decitabine also causes cell cycle arrest and apoptosis.
Thus, it is both a cell differentiation inducing agent and a cytotoxic agent.

¢ Indication is treatment of patients with myelodysplastic syndrome including previously
treated and untreated, de novo and secondary. The recommended dosing regimen is 15
mg/m’ administered by continuous IV infusion over 3 hours repeated every 8 hours for 3
days every 6 weeks. Age restriction is not specified.

2.2 Currently Available Treatment for Indications

Vidaza™ (5-azacitidine) was approved on May 19, 2004 for a similar indication. The
mechanisms of action of 5-azacitidine and of decitabine on the inhibition of DNA methylation
are thought to be identical. :

2.3 Availability of Proposed Active Ingredient in the United States

The product is not currently marketed in this country.

2.4 Important Issues with Pharmacologically Related Products

The pathophysiology of MDS overlaps to a great extent the most common toxicities of
azacitidine and decitabine, which result from myelosuppression. Consequently, anemia,
leucopenia, neutropenia, infections, thrombocytopenia, bleeding, hematomas and patechiae are
common events with MDS and with treatment with azacitidine and decitabine. Gastrointestinal
adverse events, such as anorexia, nausea, vomiting, diarrhea, and constipation are common
during treatment with azacitidine and decitabine. Transient elevations of hepatic enzymes are
common to both agents. Hepatic failure may develop in patients with pre-existing hepatic
disease.

Overall response rates are approximately the same with decitabine and azacitidine.

2.5 Pre-submission Regulatory Activity

Background and Rationale: The controlled study protocol was submitted in compliance with
Guidance for Industry, "Special Protocol Assessment” (May 2002) and as a result of the
discussion held between SuperGen, Inc. and FDA representatives at the pre-NDA meeting held
on February 6, 2004.
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Regulatory History:

Decitabine (like azacitidine) was originally synthesized in mid-1960s in the Chechoslovakian
Academy of Sciences as a potential therapeutic agent for cancer. The first publication in English
on the effect of decitabine against leukemic and hematopoietic tissue in AKR mice dates from
1968 (Sorm F, Vesely J. Neoplasma 1968;15:339-43). The effect on DNA methylation and
cellular differentiation date from 1980 (Jones PA, Taylor SM. Cellular differentiation, cytidine
analogs and DNA methylation. Cell, 1980;20:85-93). The first clinical study was reported in
1981 (Rivard GE, Momparler RL, Demers J et al. Phase I study on 5-aza-2’-deoxycytidine in
children with acute leukemia. Leuk Res. 1981;5:453-62). Decitabine was distributed since 1970s
by NCI as an investigational agent in treatment of acute and chronic leukemias, MDS and sickle
cell anemia. Pharmachemie became the original IND 33,929 holder.

On August 5, 1998, FDA met with Pharmachemie and discussed the development of decitabine
in the treatment of MDS. The Agency indicated that a single phase 3 study supported by a single
phase 2 study could be sufficient for an NDA in high risk patients. The Agency also commented
that hematologic response (CR, PR) could be acceptable as a potential surrogate endpoint in high
risk MDS patients and a randomized phase 3 trial might assess a composite endpoint.

On October &, 1999 SuperGen acquired decitabine from Pharmachemie. On January 31, 2001,
FDA met with SuperGen in an End of Phase 2 meeting regarding D-0007 phase 3 trial (“A
randomized, open-label, Phase III trial of decitabine [5-aza-2’-deoxycytidine] versus Supportive
Care in adults with advanced-stage myelodysplastic syndrome”) design. SuperGen proposed a
primary endpoint of Overall Response Rate (CR + PR) by the MDS Working Group Criteria.
FDA indicated that a composite endpoint of “ORR and time to progression to AML (>30% blasts
in the marrow) or death” would be required for full approval. The sponsor revised the protocol
with the new primary endpoint, including a revision of sample size to allow an interim analysis
following 45 events. The revised protocol (Amendment 1) was accepted by FDA on March 13,
2001. Amendment 2 on February 5, 2002 eliminated patient crossover and expanded the
inclusion criteria from IPSS (International Prognostic Scoring System) High Risk and
Intermediate-2 patients to also include Intermediate-1 MDS patients. Amendment 3 on July 18,
2002 included a retrospective review of bone marrows by an outside expert.

On April 25, 2003, the sponsor held a meeting with the Agency to discuss interim clinical results
from the first 45 events. The goal of the NDA application was defined as follows:

1. Regular approval, or

2. Accelerated approval by response rate, with EORTC study (time to AML progression or death’
as primary endpoint) as phase 4 commitment.

The sponsor submitted a revised Statistical Analysis Plan (SAP), which proposed a co-primary
endpoint of Overall Response Rate (CR + PR) or Time to AML or Death. The data generated in
the Phase 3 trial (Study 0007) were to form the basis of this NDA, supported by two Phase 2 and
several Phase 1 and 2 studies. Fast Track designation for decitabine was granted on May 12,
2003.
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Orphan Drug Status was granted for decitabine in treatment of patients with MDS in the U.S. to
Pharmachemie USA, Inc. on March 8, 1999. On November 22, 2000 Orphan Drug status was
transferred to SuperGen, Inc. Orphan Drug status was granted in the European Union on
February 14, 2003.

Other Relevant Background Information

Decitabine is at present not marketed in any countries. Marketing applications have not been
filed except in the U.S.

3 SIGNIFICANT FINDINGS FROM OTHER REVIEW DISCIPLINES

Assays: Decitabine (abbreviated as DAC) was synthesized in 1964 (1), results of the first pre-
clinical tissues were reported in 1968 (2), and of the first Phase I study, in 1981 (4). In the
intervening years, four methods were employed to assay DAC: bioassay, HPLC, radiolabeled
drug, and LC/MS/MS assay. Most recently, the sponsor developed a HPLC/mass spectroscopy
method. The LC/MS/MS method was used in all studies sponsored by the sponsor.

Chemistry and Administration: DAC is ——n___ — Itis -
———= The decomposition could be slowed at refrigerated temperature (2-8°C). For that
reason the solution is made up fresh every 7 hours and infused IV over 3 hours. DAC is supplied

in 20 mL vials containing 50 mg of decitabine as a lyophilized powder, which are stored at
refrigerator temperature. It is reconstituted with 10 mL Sterile Water for Injection, USP and
contains 5 mg of decitabine and 6.8 mg of KH,PO4 per mL. Next, the reconstituted decitabine
solution is diluted to 50 — 100 mL pre-chilled normal saline, lactated Ringer’s or 5% D/W.

3.1 CMC and Product Microbiology

DAC, an processed lyophilized powder, will be manufactured at Pharmachemie B.V.
in Haarlem, The Netherlands. Product Microbiology review was completed and entered into DFS
on July 18, 2005. NDA 21-790 is recommended for approval based on microbiological product
quality. No deficiencies were identified based upon the information provided.

3.2 Animal Pharmacology/Toxicology

Acute and chronic toxicity. The original sponsor (Pharmachemie B.V.) conducted a series of
toxicology studies early in the decitabine development program. These included single dose
toxicity studies in Swiss mice and in AKR/BALB/c mice, and repeat dose toxicity studies in
rabbits (decitabine was administered in the same regimen as in clinical studies, a 3-hour IV
infusion every 8 hours for 3 consecutive days every 6 weeks for 4 cycles) and in rats. Other
repeat-dose toxicity studies were conducted in mice (decitabine was infused for 5 days every 4
weeks) and in dogs. Dogs were found to be more sensitive to decitabine than mice or rats,
because of low expression of cytidine deaminase, the primary enzyme responsible for decitabine
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degradation in mammals. The main toxicities in all studies were bone marrow depletion and
consequent pancytopenia, and enteropathy due to loss of integrity of intestinal mucosa.

Mutagenicity and Genotoxicity. DAC did not produce mutations in the Ames
Salmonella/microsome test, or in CH3/10T1/2, V79, and CHO cells. Increased mutation
frequency was produced by DAC in L5178Y mouse lymphoma cells, and in E-coli lac-1
transgene in colonic DNA in DAC-treated mice. DAC was clastogenic in the human pro-B cell
line FLEB14 and in the broad-bean Vicia faba. DAC was genotoxic in the Drosophila somatic
mutation and recombination test (SMART). These data lead to the conclusion that DAC has
genotoxic potential.

Teratogenicity. DAC caused axial and cranial malformations, digital abnormalities, and effects
on long bones in fetuses of mice and rats. DAC caused fetal absorption in rats. In utero exposure
to DAC resulted in teratogenesis, reduced fetal size, and decreased post-partum growth rates. In
utero exposure to DAC results in decreased fertility, primarily in males, probably due to
testicular atrophy, as well as behavioral and neurologic changes Thus, DAC is a teratogen and
adversely affects reproductive performance.

Carcinogenicity. A formal carcinogenicity evaluation has not been performed. DAC is not listed
as a carcinogen in the 11™ Report on Carcinogens by the National Toxicology Program (2004).
Published evidence (in abstract form) is conflicting. Fisher rats treated for 12 months with DAC
and tetrahydrouridine (to redace DAC degradation) had no increased incidence of tumors. But
Sprague-Dawley rats treated with DAC 3x/week for 86 weeks showed dose-related increases of
tumors. DAC administered with a goitrogen to mice increased thyroid tumor incidence.
However, DAC has also been used in cancer chemoprevention in mice. It reduced the incidence
of intestinal polyps, and of chemically induced lung cancers. Toxicology review by the Agency
found these findings (published mainly in abstract form) inconclusive.

QT prolongation. Drug effects on QT interval were not studied.

4 DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY

4.1 Sources of Clinical Data

Clinical Efficacy Trials (n = 253 patients treated with decitabine)
e D-0007: A Randomized, Open-Label, Phase III Trial of Decitabine (5-Aza-2’-
Deoxycytidine) Versus Supportive Care in Adults with Advanced-Stage Myelodysplastic

Syndromes
e PCH97-19
e PCH 95-11

Additional Safety Data (n = 181 patients treated with decitabine)
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* PCH 95-05 Differentiation Therapy with 5-Aza-2’-Deoxycytidine for Myelodysplastic
Syndromes

* PCH 95-4 (Compassionate use) MDS

e 91-02 Phase II MDS

e 91-01 Phase II MDS

e 88-01 Phase /Il AML/MDS

® 79-02 Phase VI Pediatric study, acute leukemia

* 79-01 Phase /11 Pediatric study, acute leukemia

4.2 Tables of Clinical Studies
Copied below is sponsor’s Table 1 of Larger Phase II/III Studies and of older Phase I/II Studies.

The D-0007 is the controlled Phase III trial that is the registration trial, supported by two single-
arm trials. The older smaller trials for various indications are included in the safety evaluation.
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Review Strategy

The review included:

A survey of current literature on diagnosis, classification and treatment of MDS, using
standard textbooks, reviews, references submitted by the sponsor and publications listed in
PubMed

Review of the current recommendations of international working groups (FAB and IPSS) to
standardize prognostic and response criteria for MDS

Review of articles in medical literature describing the trials submitted with this NDA
Review of summaries of Chemistry, Pre-Clinical Pharmacology/Toxicology, Clinical
Pharmacology, and of experience in humans

Review of the Sponsor’s Clinical Overview of the trials submitted with this NDA. The
primary review focus was the controlled Phase 111 tnal with supporting Phase II trials
examined for consistency :

Review of supporting tables and data listings for various aspects of the trial and for
evaluation of Sponsor’s claims

Review of patient narratives in selected cases

Consultations with Pharmacology and Statistics reviewers

Requests for additional information from the Sponsor

Review of Division of Scientific Integrity consultation

Formulation of conclusions and recommendations, and

Evaluation of proposed labeling changes, and revision of these changes.

4.3 Data Quality and Integrity

The Agency’s Division of Scientific Investigations audited the two largest sites of patient
enrollment in the randomized D-0007 trial. The sites were chosen strictly on the basis of size (34
and 20 patients, respectively) and not for any other reason, such as information from other
sources regarding data quality or an unusual preponderance of patients with treatment responses.
No single site reported an unexpectedly large number of responders to treatment. The DSI report
may be viewed in its entirety in the DFS. In brief, the FDA investigators concluded that the
data from both sites are unreliable.

The FDA investigator reviewed the records of 12 of 34 randomized subject records at the Moffitt
Cancer Center in Tampa, FL. The key findings were:

e Transfusion records were inadequate or inaccurate for 6 subjects. The numbers of

transfusions recorded in source documents, CRFs, and data listings did not match. In two
decitabine-treated patients some of the PRBC and platelet transfusions recorded in source
documents were not recorded or recorded incorrectly in CRFs and data listings. In four
patients PRBC and platelet transfusions in CRFs and data listings were not found in the

21



Clinical Review

E. Kaminskas, M.D.
NDA 21-790
Dacogen™ (decitabine)

source documents. (Reviewer: The sponsor subsequently responded [on August 16, 2005]
that the source documents are available for these patients. )

Decitabine infusion records did not include durations of infusions (end times missing) for-
multiple doses in six subjects.

Six subjects did not have protocol-specified weekly CBCs; thus, bone marrow function
could not be assessed at those time periods.

Pneumonia in one subject was not reported. SAES were reported belatedly to IRB or the
sponsor in five instances. '
Infusion times were longer than 3 hours in two subjects, and intervals between infusions
were either less than 8 hours (6.75-7.0 hours) or greater than 8 hours (9.0-9.5 hours).

Another FDA investigator reviewed the records of 11 of 20 randomized subject records at
Washington University in St. Louis, MO. The key findings were:

Transfusion records in 3 subjects were inadequate or inaccurate. Transfusions listed in
source documents were not recorded on the CRFs or in the data listings in two subjects,
while source documents could not be located for 17 of 28 PRBC and platelet transfusions
described in the data listing of the third subject. (Reviewer: The sponsor subsequently
responded [on August 16, 2005] that source documents are available for the third
subject, and that transfusions did not need 1o be recorded for one subjects before 8 weeks
prior to study entry. That leaves only one subject with inadequate transfusion
documentation. )

Five subjects were enrolled in the trial in spite of meeting protocol exclusion criteria.
CBCs and bone marrow examinations were not performed as specified by protocol in 6
patients.

Decitabine infusions in 5 patients lasted longer than specified, did not have start or stop
times, or their descriptions in the source documents and the CRFs did not match.

Some transfusion and adverse event data in CRFs were prepared retrospectively.

Overall assessment by DSI, based on the above observations, is that the data collected at the
above two sites are unreliable.

Transfusion documentation was inadequate and inaccurate.

CBCs and bone marrow assessments were not performed as specified in the protocol.
Five subjects that met the exclusion criteria were enrolled at one site.

Decitabine infusion times were longer than recommended in some subjects. This is
important because of the instability of decitabine in aqueous solutions.

Reviewer’s Note: The above report on data from the two largest patient enrollment sites in the
pivotal controlled trial casts doubt on the reliability of data from other, perhaps all, sites in this
submission. Clearly, the sponsor did not supervise data collection and did not carry out
verification of collected data. Transfusion record (in 3/23 study subjects) and CBC monitoring
deficiencies are especially troublesome in the assessment of efficacy, since the response rates
and clinical benefit are based on these data.
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4.4 Compliance with Good Clinical Practices

e The trials in this NDA were conducted in compliance with Office of Human Research
Protections (OHRP), DHHS, and FDA Good Clinical Practice (GCP) regulations governing
research in human subjects.

e The controlled trial took place at 25 investigational sites (24 in the U.S., 1 in Canada). The
study protocol, subsequent amendments, patient information and written informed consent
forms were approved by each IRB. The clinical protocol was performed in conformance with
SuperGen, Inc., standard operating procedures, applicable FDA regulations (21 CFR 50, 54,
56, and 312), Therapeutic Products Directorate-Canada, and ICH Guidelines for expedited
reporting of adverse events (ICH E2A) and for conducting research in according with Good
Clinical Practices (ICH E6, September 19, 1997). Reviewer’s Note: See the above section on
Data Quality and Integrity.

e The study protocols and amendments, sample informed consent documents, and all other
study-related documents were submitted to Independent Ethics Committees and/or
Institutional Review Boards of the participating centers for review and written approval. All
IECs/IRBs were duly constituted and operated in accordance with DHHS policy as described
in 45 CFR 46.115 and prevailing federal requirements. Copies of the Independent Ethics
Committees’ approval letters were submitted to the Sponsor before enrollment of any
patients. The list of all committees of the study sites, with names of the committee
Chairpersons, is included in the submission.

e Written informed consent, which was in compliance with the Declaration of Helsinki and
written in conformance with 21 CRF 50 and ICH E6, was obtained from each patient before
enrollment in the study. The rationale and goals of the study, procedural details, and potential
hazards involving adverse reactions were explained to the patients. Each patient was assured
that he or she was free to withdraw from the study at any time.

e Patient confidentiality was ensured by assigning to each patient an identification number that
was used in the electronic case report forms (eCRF) in place of the patient’s name. _

e Representative samples of the informed consent form and of eCRF were included in the
submission.

4.5 Financial Disclosures
The sponsor submitted Form FDA 3454 certifying that it had not entered into any financial

arrangements with the listed clinical investigators (Box- 1 checked), signed by Karl Mettinger,
MD, PhD, Senior VP and Chief Medical Officer on October 28, 2004.

Certification that no debarred persons had participated in any capacity was signed by Audrey F.
Jakubowski, Ph.D. on May 27, 2004.
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5 CLINICAL PHARMACOLOGY

5.1 Pharmacokinetics

Mechanism of Action: In vivo, DAC is sequentially phosphorylated to mono-, di-, and
triphosphate, which is incorporated into DNA in place of deoxycytine and binds covalently to
DNA methyltransferases, thereby inhibiting DNA methylation. DAC-containing DNA is also
cytotoxic as an S-phase specific agent to proliferating cells.

Metabolism: DAC is administered IV, because the oral bioavailability in mice was only 9% and
intraperitoneal bioavilability was only 41%. Upon uptake by cells, DAC is rapidly degraded to 5-
aza-2’-deoxyuridine, which is not cytotoxic, by hepatic cytidine deaminase (this enzyme is also
found in other cells, but the rate of elimination of DAC is dependent on the amount of cytidine
deaminase present in the liver). Renal excretion of DAC is <1% of dose administered in humans,
indicating that metabolism is the major form of elimination. CYP 450 enzyme system is
apparently not involved in DAC metabolism, eliminating this system as a source of drug
interactions. Human plasma protein binding of DAC is <1%; hence, there would be no drug-drug
interactions related to plasma protein binding. A schema of DAC metabolism is shown in
sponsor’s Figure 1.

- Dosing: The dosing was developed to achieve concentrations of DAC in plasma that were shown
to be cytotoxic in vitro against human tumor cell lines. In addition, it was shown in vitro that
short-term exposure to DAC was ineffective, while long-term exposures (e.g. 24 hours) resulted
in cytotoxicity. In L1210 cells, a minimum concentration of 0.5-1.0 pg/mL for 24 hours was
required for maximum cell kill. In animals, 12-hour exposure was best for maximum cell kill
without excessive toxicity. In human HL-60 myeloid leukemia cells, >80% cell kill was achieved
with a concentration of 0.1 pg/mL for 48 hours.

Additional considerations were S-phase cycle specificity of DAC, and its ineffectiveness to
block progression through the cell cycle. Initially, infusions of doses up to 100 mg/m2 were
shown to result in plasma concentrations of 0.4 pg/mL after a 1-hour infusion, 0.1-04 pg/mL
after a 40-hour infusion, and 0.36-0.76 pg/mL after a 40-60 hour infusion of 1 mg/kg/hour.
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Figure 1 Mietabolism of Decitabine
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Pharmacokinetics: In man, the distribution phase has an initial half-life of 7 minutes and a
terminal elimination half-life of 10 to 35 minutes. The volume of distribution is 4.6 L/kg and
total body clearance is also high, about 126 mL/min/kg.

DAC Cp.x was 0.44 mg/mL when administered at 100 mg/m2 over one hour. When given at 100
mg/mz, DAC total body clearance exceeds hepatic blood flow (1400 mL/min); therefore, extra-
hepatic metabolism accounts for much of drug clearance. Urinary excretion of unchanged DAC
is low, ranging from <0.01% to 0.9% of the total dose. Six patients with lung, esophageal, or
pleural cancers underwent PK studies. There was low inter- and intra-patient variability in the
disposition of DAC.

Interaction of DAC with cytochrome P450 enzyme systems was not studied, but like azacitidine
and other nucleosides, DAC is unlikely to be an inducer or an inhibitor of these enzymes. Drug-
drug interaction studies have not been carried out.

5.2 Pharmacodynamics

DAC induces hypomethylation of genes that are hypermethylated in carcinogenesis. As a result
of hypermethylation at gene promoter CpG sequences, tumor suppression genes are inhibited,
angiogenesis genes are expressed, metastasis genes are expressed, and DNA repair genes are
inhibited. As a result, cell growth and proliferation are dysregulated and carcinogenesis results.
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Specific cancers have specific CpG sequences hypermethylated. In MDS, the 'pISINK“B

frequently and selectively hypermethylated (about 80% of patients [19/23]) (34).

gene is

DAC is at least ten-fold more cytotoxic in vitro than azacitidine, possibly because DAC is
incorporated only into DNA, while azacitidine is incorporated into both RNA and DNA. Both
compounds inhibit DNA methyltransferase activity by covalently binding the enzyme to DAC
incorporated into DNA. Demethylation of the p15 gene in MDS has been reaponed to be
associated with clinical response in (37). Thus, demethylation of the pISINK B gene may be a
pharmacodynamic marker of decitabine activity. :

Resistance to DAC may be correlated with levels of DNA methyltransferase, since resistant cells
bind the same amount of DAC as non-resistant cells.

At high doses DAC is directly cytotoxic to malignant cells and also to normal cells. Lower doses
were used in the MDS treatment schedules than in previous schedules in treatment of solid
tumors.

5.3 Exposure-Response Relationships
A considerable body of data exists on high-dose DAC therapy for solid tumors and AML. These

data are not germane to this NDA, in which the lowest possible doses that are sufficient for
inhibition of DNA methylation and for the minimum amount of cytotoxicity are used.

6 INTEGRATED REVIEW OF EFFICACY

Prior to readihg this summary of the sponsor’s data please refer to section 4.3 Data Quality
and Integrity.

6.1 Indication

Decitabine is indicated for treatment of patients with myelodysplastic syhdrome MDS),
including previously treated and untreated, de novo and secondary MDS, of the following
~ subtypes:

e By FAB classification: refractory anemia, refractory anemia with ringed sideroblasts,
refractory anemia with excess blasts, refractory anemia with excess blasts in

transformation, and chronic myelomonocytic leukemia

e By IPSS classification: High Risk, INT-2, and INT-1.
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6.1.1 Methods

Nosology of Myelodyslastic Syndrome (MDS). A number of chronic diseases of bone marrow
dysfunction, characterized by decreased counts of one or more blood cell types and/or an
increase in bone marrow blasts, have been grouped into a syndrome called MDS. Among them

are what were formerly called “pre-leukemia”, “smoldering leukemia”, “refractory anemia”, and
“ring sideroblast anemia”.

In primary MDS, the etiology is unknown. Secondary MDS may have been caused by prior
chemical or radiation injury, chemotherapy, and radiotherapy. Secondary MDS generally has a
poorer prognosis than primary MDS. Both primary MDS patients and secondary MDS patients
have been enrolled in trials supporting this NDA.

Primary MDS has been reported in all age groups, with the highest prevalence in those over 60
years of age. Presenting symptoms depend on the cell line affected. Anemia results in fatigue,
weakness, pallor, dyspnea, angina pectoris, heart failure; thrombocytopenia, in easy bruising,
epistaxis, gingival bleeding, patechiae; neutropenia, in bacterial infections, particularly
respiratory and dermal. Hepatosplenomegaly occurs in 10% to 40% of patients. Transformation
to acute myelogenous leukemia (AML) occurs in up to 40% of patients with MDS. Most of MDS
patients die from bleeding or infection.

Several classifications of MDS have been proposed. The most commonly accepted is the original
FAB (French-American-British) classification (Bennett JM, Catovsky D, Daniel MT, Flandrin G,
Galton DAG, Gralnick HR, Sultan C. Proposals for the classification of the myelodysplastic
syndromes. Brit J Haematol 51:189, 1982) in which 5 subtypes of MDS are described and
characterized as follows:

¢ RA (Refractory anemia): <5% blasts in the bone marrow (BM), <1% blasts in peripheral
blood (PB);

e RARS (RA with ringed sideroblasts): RA + >15% ringed sideroblasts in BM;

e RAEB (RA with excess blasts): 5% - 20% blasts in BM, <5% blasts in PB;

e RAEB-T (RAEB in transformation): 21% - 30% blasts in BM, >5% blasts

in PB; and

e CMMoL (Chronic myelomonocytic leukemia): <20% blasts in BM, <5% blasts in PB,

absolute monocytosis (>109/L).

Syndromes that affect only the RBC line are RA and RARS.

e RA is characterized by PB findings of macrocytic anemia, reticulocytopenia, and normal
leukocyte and platelet counts. In BM, the erythroid line is megaloblastic and hyperplastic.
Myeloid and megakaryocytic lines are normal. Dysplasia is minimal.

e Prognosis: median survival is 3 to 6 years; transformation to AML is rare.
e Percentage of MDS patients presenting with this syndrome: 20% to 30%.
e Mainstay of treatment: RBC transfusions.
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¢ RARS differs from RA only in that at least 15% of erythroid precursors are ringed
sideroblasts.
e Prognosis: same as RA.
e Percentage of MDS patients presenting with this syndrome: 2% to 5%.
e Mainstay of treatment:. RBC transfusions.

Syndromes that affect all blood cell lines are the following.

* RAEB is characterized by RA and increased blasts (up to 20%) in the marrow (upper limit of
normal is <5%). '
® Prognosis: median survival is 6 to 9 months.
* Progression to acute myelogenous leukemia (AML): in approximately 40% of patients.
» Percentage of MDS patients presenting with this syndrome: approximately 33%.

¢ RAEB-T is RAEB with blasts in the marrow increased up to 21% to 30%.
e Prognosis: median survival is 6 months or less.
+  Progression to AML.: in approximately 60%.
* Percentage of MDS patients presenting with this syndrome: approximately 25%.

CMMolL is the MDS syndrome that affects mainly monocytes.

e CMMoL is characterized by an increase in the number of monbcytes in PB. Red cell
precursors in BM appear normal, although a mild anemia may be present.
e Prognosis: median survival is 14 to 18 months.
e Progression to AML.: can occur.
e Percentage of MDS patients presenting with this syndrome: 15% to 20%.

Response Criteria in the Treatment of MDS. An International Working Group has published
response criteria that should be used in clinical trials of MDS treatments (Cheson BD et al.,
2000). These criteria describe four categories of responses to treatment and are briefly
summarized below. Note: The 2000 Cheson et al. criteria specify that the response last a
minimum of 2 months. The D-0007 trial was carried out with the 2000 Cheson et al. response
criteria. The older Cheson et al. (1981) criteria do not specify this time requirement. The Phase 11
studies were carried out the older criteria.
e Altering Disease Natural History: Complete Remission [CR], Partial Remission [PR],
Stable Disease [SD], Failure, Relapse after CR or PR, Disease Progression, Disease
Transformation [to AMLY], Survival and Progression-free survival.
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CR is defined as follows:

Bone marrow: Repeat bone marrow showing <5% myeloblasts with normal maturation of all cell lines, with no
evidence for dysplasta. :

Peripheral blood (values must last at least 2 months): Hgb > 11g/dL, ANC > 1500/mm’, platelets > 100,000/mm’
(patient not receiving erythropoietin, myeloid growth factor, or thrombopoietic agent), absence of blasts, absence of
dysplasia.

PR is defined as follows:

Bone marrow: Blasts decreased by 50% or more over pretreatment, or a less advanced MDS FAB classification
than pretreatment, normal maturation of all cell lines, without evidence of dysplasia.

Peripheral blood: As in CR.

e Cytogenetic Response: Major or Minor.

e Quality of Life: Improvement in physical, functional, emotional, social, and spiritual
domains.

¢ Hematologic Improvement: Erythroid response, Platelet response, Neutrophil response
[each either Major or Minor}], Progression/relapse after Hematologic Improvement.

In addition, the Working Group defined the endpoints for clinical trials in MDS (Overall
Survival, Event-free Survival, Progression-free survival, Disease-free survival, and Cause-
spectfic Death).

New revisions of MDS classifications have appeared. The 1999 WHO Classification lists RA,
RARS, refractory cytopenia with multilineage dysplasia (RC + Dys), RAEB I and 11, del (5q)
syndrome, and MDS unclassifiable. RAEB was split into two subtypes on the basis of percentage
of blasts in the marrow, RAEB 1 (<10% blasts) and RAEB 1I (>10% blasts). CMMoL and
RAEB-T patients were excluded. RAEB-T patients were re-classified as AML, and the threshold
for blasts in AML was decreased from 30% to 20%. CMMoL is now included among chronic
myelogenous leukemias. The WHO classification has so far not been met with universal
agreement.

Another classification system (International Prognosis Scoring System, IPSS) by the
International MDS Study Group (Greenberg P, Cox C, LeBeau MM, Fenaux P, Morel P, Sanz G,
Vallespi T, Hamblin T, Oscier D, Ohyashiki K, Toyama K, Aul C, Mufti G and Bennett J.
International Scoring System for Evaluating Prognosis in Myelodysplastic Syndromes. Blood 89:
2097-88, 1997) aims to classify MDS by prognostic factors, and less by morphological
demarcation of subgroups. The risk variables used for the prognostic model were bone marrow
blast percentage, number of cytopenias, and cytogenetic subgroup. These three risk factors were
significant variables for survival and evolution to AML. By combining the risk scores for these
3 major variables, patients were stratified to 4 risk groups with scores being 1) Low, score 0; 2)
Intermediate-1 (INT-1), score 0.5 to 1.0; Intermedia'te—Z(INT—Z), score 1.5 to 2.0; and High,
score > 2.5. The relationship of IPSS risk group, IPSS score, and median survival is shown in
sponsor’s Table 2. IPSS scoring requires cytogenetic analyses.
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Table 2 International Prognostic Scoring System (IPSS) for MDS
Risk Median Survival (Years) IPSS Score
Low 57 0
Intermediate—1 35 0.5-1.0
Intermediate—2 1.2 1.5-20
High 0.4 =25
Reference: 23

Phase III Controlled Trial D-0007

Patients in the controlled trial in this NDA consisted of all 5 FAB subgroups and of High-risk,
Intermediate-2 (INT-2) and Intermediate-1 (INT-1) subgroups of the IPSS classification.

Study Objectives.

e The overall objective of this multi-center study was to demonstrate the superiority of
decitabine injection over supportive care for treatment of adults with MDS.

¢ The co-primary efficacy endpoints were 1) the percent of patients achieving a Complete
or Partial Response (CR + PR) during randomized treatment and 2) Time to AML or
Death.

e The secondary objectives included
e Overall survival
¢ Transfusion requirements
e Rates of febrile neutropenia
e Percent of patients achieving Hematological Improvement (CR + PR + HI)
e Quality of Life :
e (Cytogenetic Responses and Safety.

6.1.1  General Discussion of Endpoints

The Phase 3 controlled trial (D-0007) was the major source of data for the efficacy review. The
single-arm trials and literature reports were used to support the results of the controlled trial.

The choice of endpoints is discussed above in the Regulatory History (Section 2.5).
Primary endpoint: The co-primary endpoints were
e Overall Response Rate (CR + PR) as defined by the MDS Internatlonal Working Group
criteria, and
¢ Time to AML or Death.

Secondary endpoints:
e Survival -
¢ Transfusion Requirements
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¢ Improvement (CR + PR + Hematological Improvement)
e Quality of Life, and
e (ytogenetic Response.

6.1.2 Study Design

The study désign of the controlled D-0007 trial meets the regulation on adequate and well-
controlled studies (21 CFR 314.126) and the results provide a reasonable assessment of benefit.

This was an open-label, parallel-group, randomized trial of ‘1 70 adult patients with histologically
confirmed MDS who met IPSS criteria for INT-2 or high-risk categories, and later, as allowed by
Protocol Amendment 3, patients meeting the INT-1 risk category.

Given that DAC is administered IV every 8 hours for 3 days, a double-blind study was not
possible. A blinded review of all bone marrow aspirates and biopsies was performed by an expert
hematopathologist.

Study Entry Procedures

e Baseline history, physical examination, bone marrow aspirates, biopsies, and
cytogenetics samples, CBC, serum chemistries, serum hCG, and the EORTC Quality of
Life questionnaire completed.

e Randomization to decitabine or Supportive Care treatment arms was 1:1 using a
centralized, call-in randomization process. The Biometrics and Statistics Department of
SuperGen supervised each randomization. Patients were stratified by study center, IPSS
classification and type of MDS (de novo or secondary).

e Baseline Demographics and Other Patient Characteristics are shown in Sponsor’s Table 7
below in Selection of Study Population (6.1.2.5).

Treatment Procedures

e Both treatment groups received standard supportive care, including PRBC or platelet
transfusions, erythropoietin, thrombopoietin, prophylactic antibiotics, and hospitalization.

e Patients in the DAC arm received DAC 15 mg/m2 injection as nine 3-hour infusions over
3 days (one infusion every 8 hours for 3 days) per 6-week cycle administered in the
hospital, clinic or through home infusion care.

e Selection of doses: During the development of DAC a variety of different doses and
schedules had been explored in treatment of various solid tumors and hematologic
malignancies (typically 200-1000 mg/m2 per cycle). The dose and schedule in the 3 trials
submitted in this NDA was derived from a Phase /Il dose-escalation study in 38 patients
with AML, CML or MDS (PCH 88-01). The subsequent Phase II studies (PCH 95-11 and
PCH 97-19) used the lowest dose level in MDS patients (15 mg/m2 administered over 4
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hours every 8 hours for 3 days) in PCH 88-01 to reduce myelotoxicity and to allow for
bone marrow recovery.

e Every 6 weeks patients received a medical H & P, CBC, serum chemistries, and Q of L
questionnaire. Cycles were repeated once the patient’s hematologic parameters returned
to pretreatment or to normal levels.

» Ciriteria for dose reduction or cycle delay: if blood count recovery took >6 weeks, but <8
weeks, DAC was held for up to 2 weeks and the dose was reduced to 11 mg/m2 every 8
hours; if blood count recovery took >8 weeks but <10 weeks, patient was assessed for
disease progression by bone marrow aspirate; if there was no progression, DAC was held
for 2 more weeks and the dose was reduced as above. If the following non-hematological
toxicities occurred, DAC treatment was not restarted until the toxicity resolved: serum
creatinine > 2 mg/dL, SGPT, serum bilirubin > 2 x ULN, or active uncontrolled infection.

e Every 12 weeks a BM aspirate and biopsy were performed to evaluate response to
treatment. After any 2 cycles, DAC arm patients were taken off study if they
demonstrated progressive disease (PD), as defined by the MDS Working Group. Other
patients were continued on treatment for a maximum of 10 cycles.

e At the end of study, the final bone marrow aspirate and biopsy, CBC, serum chemistries,
hCG and Q of L questionnaire were administered.

e Crossover: Patients in the Supportlve Care arm who progressed to AML or experienced
rapidly progressive disease were initially allowed to crossover and receive DAC. This
practice was stopped with Amendment 2 (by that time 3 patients had crossed over).
Subsequently, such patients were permitted to participate in a different Phase II protocol
of DAC for AML.

Interim Analysis Rationale and Steps Taken to Minimize Bias

* The original design of the protocol used Overall Response (CR + PR) as the single
primary endpoint. At FDA’s recommendation, the primary endpoint was changed to
Time to AML or Death. A minimum sample size of 80 patients per group provided 80%
power to two-sided significance level of 0.05 and allowed one interim analysis after 45
events. The sample size was based on a projected 6-month accrual period and a total
study period of 24 months. The median times to AML progression or death were
estimated in the DAC arm and the supportive care arm to be 22 and 12 months,
respectively. These assumptions were based on the results of a randomized trial of
azacitidine vs. best supportive care in MDS (Silverman LR, Demakos EP, Peterson B,
Odchimer-Reissig R, Nelson D, Kornblith AB, et al. A randomized controlled trial of
subcutaneous azacitidine (Aza C) in patients with the myelodysplastic syndrome (MDS):
A study of the Cancer and Leukemia Group B. In abstract form in: Proc Am Soc Clin
Oncol 1998; vol. 17, abstract No. 53, and in final form: J Clin Oncol 2002;20:2429-
2440). Review of the trial results by the Agency did not support these authors’ conclusion
that azacitidine extended the time to AML or Death (see Vidaza™ approval summary).

* Selection bias was minimized by a centralized all-in randomization process.
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Evaluation bias was limited by the use of a blinded central review of all bone marrow
aspirates and biopsies in addition to the initial diagnoses by local pathologists.
(Hematologic classification inter-pathologist concordance is 67% in MDS).

Treatment Compliance and Drug Accountability

The investigator or study site pharmacist kept a drug accountability log and drug
preparation log. Each administered dose was recorded in the patient’s CRF.
Drug accountability procedures were carried out according to SuperGen protocols.

Selection of Study Population

Inclusion Criteria:

* Diagnosis of MDS (de novo or secondary) of any of 5 FAB classifications and IPSS
>0.5, as determined by CBC, bone marrow assessment, and cytogenetics within 30 days of -
randomization.

18 years or older

ECOG or WHO PS of 0 -2

Signed informed consent

Adequate renal and hepatic function (creatinine < 1.5 mg/dL, bilirubin < 1.5 mg/dL,
SGPT <2 x ULN)

Not pregnant, adequate pregnancy prevention, not lactating.

Exclusion Criteria:

AML or other progressive malignant disease

Treatment with danazol, androgenic hormones, or colony-stimulating factors within 7
days of start of study

Any Investigational agent within 30 days prior start of study

Uncontrolled cardiac disease, CHF, uncontrolled restrictive or obstructive pulmonary
disease

Active viral or bacterial infection

Concurrent autoimmune hemolytic anemia or thrombocytopenia

HIV serology

Mental illness

Not recovered from prior therapy toxicity; been off all chemotherapy for a minimum of 4
weeks (6 weeks for nitrosoureas and BMT)

Removal of Patients from Therapy or Assessments:

Evidence of disease progression, per protocol, at any time during the study
Transformation to AML

Failure to achieve PR after 6 cycles of decitabine

Failure to achieve CR after 8 cycles of decitabine
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e Any CTC Grade 4 (life-threatening) non-hematological toxicity; or any Grade 3 (severe)
non-hematological toxicity failing to improve within 10 weeks following a decitabine
treatment cycle .

e Failure to recover from prolonged cytopenia within 10 weeks after administration of a
reduced dose of decitabine

e Patient’s request to end study treatment

e Patient withdrew informed consent

¢ Supportive Care patients that progressed to AML or had rapid progression of disease
qualified for AML protocol

Study Population: Demographic and Other Baseline Characteristics randomized to the two study
arms are shown in Reviewer’s Table below (from Sponsor’s Table 7). :

Reviewer’s Table. Baseline Demographics and Other Baseline Characteristics

Demographic or Other Patient | Decitabine, N = 89 Supportive Care, N = 81

Characteristic _

Age, mean, median and (range) 69, 70 (31 - 85) 67, 70 (30 — 82)

in years

Age stratification

< 65 years (%) 23 (26%) 30 (37%)

65 — 74 (%) 42 (47%) ' 35 (43%)

75 - (%) 24 (27%) 16 20%)

Gender : Male 59 (66%) ' 57 (70%)

Female 30 (34%) 24 (30%)

Race: White 83 (93%) 76 (94%)
Afro-American 4 (4%) 2 (2%)
Other 2 2%) 3 (4%)

Weeks since MDS diagnosis

Mean 86 77

Median 29 35

Range 2 - 667 2 - 865

Percent Blasts in BM ‘

Mean 11% ' 11%

Median 10% ‘ 9%

Range —-— ———

Missing values —— —

Type of MDS

De novo MDS 77 (87%) 70 (86%)

Secondary MDS 12 (13%) 11 (14%)

Previous MDS Therapy*

Yes ‘ 27 (30%) 19 23%)

No 62 (70%) 62 (77%)

IPSS Classification

INT-1 28 (31%) 24 (30%)

INT-2 38 (43%) | 36 (44%)

High Risk 23 (26%) 21 (26%)
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Tablke & Changes in Stratificatien Classificatians

Reazoun Dacogen Suppertive Care

N =89* (%o} N =81* {56}

Prior Cheamotherapy for MDS changed 10 We HESS 243y
No Prior Chemotherapy for MDE changad to Ves 4443 [HECeH]
Prior treatment of Stradfication Reassignments ' 5{6) 22}
Intermuediate-2 PSS changad to mtsrmediate-1 202 B
PSS
Intermediate-2 IPSS changad to high risk IPSS ERC 2423
Intermediate-1 IPSS rhangad to Intarmediate-2 3 141y
IPSS
High 1isk IPSS changed to Intermediate-2 [P55 11y i
IPSS Steratification Reassignments 5{7} 33
Total ‘ 1112 2 (6)

* Two patienis m the Daroges arm and twe padents m the Supportive Cars arze had mecarec: spanificstions in both
piter westmant of MDS and IPSS catazory.

Population Datasets: :

¢ Intention-to-Treat (IT'T) analysis included 89 patients randomized to DAC and 81
patients to supportive care, a total of 170 patients. All patients were included in the ITT
analysis, including the 6 patients randomized to DAC arm who never received study
drug.

e Evaluable Patient analysis included 56 patients in the DAC arm and 78 patients in the
supportive arm, a total of 134 patients. The following categories of patients were
excluded from the Evaluable Patient population. _ _

o Patients who were diagnosed as having AML at Baseline (9 DAC arm patients
and 3 supportive care arm patients) by Dr. Bennett’s expert interpretation of the
bone marrow were excluded.

o Six (6) patients randomized to DAC who did not receive study drug were
excluded. One of these patients had progressive disease and was then ineligible,
one was hospitalized with cellulitis, one was hospitalized with pneumonia, two
withdrew consents, and one had AML. '

o Eighteen (18) patients in the decitabine arm who did not complete cycle 2 were
excluded for the reason that these patients had less than an adequate number of
treatment cycles to achieve a response.

Reviewer’s note: The evaluable population consisted of about 63% of patients originally
randomized to DAC and of 96% of the population originally randomized to supportive care.

Disposition of Patients: As shown in sponsor’s Figure 2, approximately 60% of patients in each
arm completed the study. The reasons for patient discontinuation from the study are shown in
sponsor’s Table 4.
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Figure 2 Patient Disposition Between Treatment Arms
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Table 4 Reason: for Patient Discontinuatien from Séudy
Esxndomized to Dacocen Randommized 1o Supporive Care
Reazon for Dizconrnuarios %= 5% % = §3
N (&) k)
L omplesed Protocel 23 (80 38 (62}
axcapy Complend g WL 3 1317
Progrosion of Dissass (ANE, 17§15 2856y
AT =d PLV
Dgath 13015 2R
Cogoing w2 Dewrbass Lock 22y )
Dizcontinuanons L3¢ 1] 31 (38)
Adwsrss Zoent 8 I R4Y
Faksnt Withdew Comsens G¢53 13(1€)
Nevar Treatsd 50z §iln
Cdher Jzotal) B 17128
Zalayed Cwil Counr Rabound 1401 ik
Patien: sedrd tharazy 202 It
Brizzot sougt: ether oeztmant 2in ERLY
Heeas 2dnsinizmacon Silos 202 3
Fansn: noa-tomplizocy i 3%
Ievastigater discrsting Iin (5
Boos marrow or st ceil ] 3 {4
Tasplant
Nomoslorsd wscondary congar . HEVH {7
merurTince

"Twa Decogse pasisnn: [D1<3-5162 ond 1027-3 145 raporsad Zare 25 somplessd Dad fnished six sveles of rreatmeer
and e sell i folow-up ot dembase leck witheus s= “off sruds™ Sorm cemplatad

Protocol Deviations: Only one patient entered the trial with a major protocol violation. This
patient was randomized to DAC, but never received the drug. Most of the violations (21 in the
DAC arm and 13 in the supportive arm) were minor laboratory values outside the protocol-
specified range and patients who had experienced malignancy within 3 years of randomization.
Eighteen violations in the DAC arm and 10 violations in the supportive care arm were waived.
Patients with minor violations were not excluded from analyses.

Crossover Patients: Two of these patients with rapidly progressive disease crossed over to DAC
arm and received DAC prior to development of AML. They were censored at the time of the first
dose of DAC and the efficacy analysis only considered the time they spent in the supportive care
arm. The third patient had already developed AML at the time of crossover. All 3 patients were
considered for safety as having been exposed to DAC.
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Treatment Compliance: 9 patients received fewer than 9 infusions per cycle for a variety of
reasons (cytopenias [2], dose(s) not recorded [4], discontinued treatment [1], unknown reason
[1]). A total of 300 cycles were administered with all 9 infusions out of a total of 309 cycles (this
statistic includes 3 crossover patients who received all 12 cycles). Thus, there was 97%
compliance with the number of doses per cycle.

Exposure to Decitabine or Supportive Care by Cycle: shown below in Sponsor’s Table 9.

Table 9 Exposure to Dacogen or Supportive Care by Cyele

Cyele Dacogen Supportve Care

(X=39) N=351)
Xo. of Patdents | Percent of Patients No. of Patients Percent of Patients

» Completed Completed Completed Completed
Cyeln 1 83 93% T3 93%
Cycle 2 84 3% &1 5%
Cycle 3 47 33% 43 51%
Cacle 4 kX 43% 30 %
Cryeie 3 o 30% 25 31%
Cyele 6% 23 6% 20 25%
Cyele 7 2 10% & 7%
Cwele 8 7 &% 4 3%
Cocla § 1 1% 1 1%
Conle 10 2 % I 0%

* Tap |2} patients randomized to Dacegen were still parnicipacag in the stady following six cyvcles at dsmabase lock.
Number of evcies a5 reflected by investigetor 3t End of Study. $ix Dacoger parieats were not treated and six
Suppartive Care patents withdraw befere completion of the firat 6-week cwvela,

Efficacy Variables

Co-primary efficacy variables were:
e 1) Achievement of CR or PR, and
e 2) Time to AML or Death. .

o CR was defined per protocol as serial BM (bone marrow) aspirates showing < 5%
myeloblasts without dysplastic changes. Peripheral blood evaluation must have
met the following absolute values for at least 2 months: Hbg > 11 g/dL (without
transfusions or erythropoietin use), ANC > 1500/uL (without use of myeloid
growth factor), platelets > 100,000/uL (without a thrombopoietic agent); and no
blasts or dysplasia.

o PR was defined similarly to CR, except BM blasts were required to be decreased
> 50% over pre-treatment values, or for the patient to have less advanced MDS by
FAB classification versus pretreatment.
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Date of AML conversion was based on the first date with a diagnosis of AML (=
30% blasts); but AML conversion could be based on CBC if no marrow was
available (specific agreement between the sponsor and FDA on February 6,
2004).

Death was authenticated by a death certificate.

e Statistical considerations:

o

The overall Type-1 error rate was maintained at a maximum of 5% by applying a
Bonferroni correction. Statistical significance was determined using a one-sided
O’Brien-Fleming boundary of 0=0.0026 and 0=0.024 at interim analysis (after 45
events) and at final analysis (after 92 events). A maximum p-value of 0.024 was
required to establish statistical significance of response to DAC, using a two-sided
analysis for either co-primary endpoint.

Progression to AML was first diagnosed by the Jocal pathologist, then adjudicated
by a blinded hematopathology expert, Dr. ]M Bennett. Assessments of best
hematologic response according MDS IWG criteria were made at the local
investigative site, and then independently reviewed and adjudicated by Dr.
Richard Leavitt.

The difference in the Overall Response Rate (CR + PR) between DAC and
supportive care arms was analyzed using Fisher’s Exact Test. The difference in
Time to AML or Death between the two groups was analyzed using both the
generalized Wilcoxon and log-rank (preferred by the Agency) tests. Time to AML
or Death was measured from the date of randomization to the date on which AML
or death was established. For patients lost to follow up, the study site searched the
Social Security database to identify the death date.

Censoring Mechanisms in Analysis of Time to AML or Death: 1) patient was lost
to follow-up or patient has not reached AML or Death event (censored at the date
of the last visit or of last CBC), 2) crossed over from supportive care arm to DAC
arm (censored on the date patient first received DAC), and 3) patient withdrew
consent (censored on the date patient withdrew consent).

Secondary efficacy variables were:

e Survival (duration of time from randomization to death from any cause). Rate
comparisons by log-rank and Wilcoxon analyses.
e Transfusion requirements (number and units of PRBC and platelets for each patient by

date, p
o

O

o]

re-study and while on study), analyzed by descriptive statistics. Definitions/rules:

Baseline transfusion dependent: patient had one or more transfusions in the 8-
week period prior to study

On study transfusion dependent: patient had one or more transfusions on study
and was not transfusion-free for at least one 6-week period on study.
Transfusion independence for CR, PR, or HI response required no transfusions
during an 8-week period. ' '

e Febrile neutropenia episodes were reported under AEs. Analyzed by Fisher’s exact test.
e Improvement (CR + PR + HI) was assessed by MDS IWG criteria, and analyzed by
Fisher’s exact test. HI (hematological improvement) had to be sustained in the absence of
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protocol.

cytotoxic therapy for 2 months. Described as major or minor, and by the number of cell
lines affected (HI-E, HI- N, HI-P and combinations). The criteria are defined in the

Quality of Life scores were assessed at baseline, at the end of each dosing cycle and at
the end of treatment and computed by EORTC QLQ-C30 Scoring Manual (3" edition).
Significant differences were tested using Wilcoxon rank-sum test.

Cytogenic Response was categorized as major (no detectable abnormality if pre-existing
abnormality was present) and minor (= 50% reduction in abnormal metaphases). The
relationships between CR + PR and cytogenetic responses were compared using tabular

presentations and descriptive statistics.

Study Protocol Amendments

There were 4 protocol.amendments. The first two amendments were implemented before the first
patient was enrolled in the study on July 24, 2001. The amendments are shown in Reviewer’s
table below.

Reviewer’s Table of Protocol Amendments to D-0007 Trial

No.

Date

Amendment

2.26.2001

In accordance with FDA recommendations at EOP2 meeting, primary
efficacy endpoint was changed from Overall RR (CR + PR) to Time to AML
or Death. Sample size recalculated. HI clarified by MGS IWG criteria. AML
defined by FDA criterion (30% blasts) instead of WHO criterion (20%
blasts), addition of prior MDS treatment and type of MDS as randomization
strata.

6.4.2001

Elimination of crossover of patients. Sample size increased to 80 per group.
(3 patients were allowed to cross over until a new trial DAC-SGI-011 started
for such patients).

10.26.2001

INT-1 patients included to increase study enroliment and to gather
experience with these patients.

4.24.2002

Only AML (30% blasts) patients in supportive arm could move to DAC-
SGI-011 (no waivers for 20%-30% blasts), clarified criteria for prior therapy,
decreased randomization strata to 3 (study center, IPSS class, previous
chemotherapy for MDS).

Revised
SAP

3.12.2004

Primary efficacy endpoint was changed to co-primary endpoints of ORR and
Time to AML or Death (statistical methods described above).

6.1.3 Efficacy Findings

6.1.3.1 Co-Primary Endpoint: Overall Response Rate (CR + PR)

The combined percentage of CR and PR according to the Adjudicated Data Set was used to
evaluate the Overall RR in the ITT and Evaluable Population analyses. To be classified as CR or
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PR using MDS IWG criteria, the patient was required to be RBC transfusion independent for 8
weeks during the time of response.

ITT and Evaluable Population Overall Response Rates are shown below (from sponsor’s Table
10).

ITT Analysis of Overall Adjudicated Response Rate (CR + PR)

Parameter Dacogen Snppuﬁh‘e Care p-valnes?
Intertion to Treat Analyzis =9 N=31
Tompders Respans2 (CRY Y Lo ja Ly} -
Partial Respense (PR} T8 G{0%) -
(Overall Response Rate (CR + PR) 15 17%) 9 0k} < 9.60%
Median tme 1o {C2. - PR} rasponss fdass) (Ronse) 82 {35135 (0 -
Aedian Duradion of {CR + PR} response (days) 266 {131-346) (0} -

Evaluable Population Analysis of Overall Adjudicated Response Rate (CR + PR)

Evafuable Pafient Analysis N=8f N=T%
Cavplers Respanse (CR) £411%) Ci0%s) -
Partizl Fesacnze (PR G110 [t -
{Overall Response Rate (CR + PR) 12218%) 9 ok} < 8.00%"
Mediar time ro (CR - PR response {dais) (Rznse) {5 -
Medizn Durstion of {CR + PR} responss (days) 277 (131342 (5 -

In the ITT analysis, 8 patients had CR and 7 had PR for an Overall Response Rate of 17%
(15/89). In the Evaluable Population analysis, 6 patients had CR and 6, PR for an ORR of 21%
(12/56). The median time to response was about 3 months (89 days, range 55 to 153 days); the
median cycle to respond was Cycle 3. The duration of responses was about 9 months (about 270
days, range 131 to 342 days).

‘There were no responders in the Supportive Care arm. Hence, these findings were significant
(p < 0.001 by two-sided Fisher’s Exact Test).

Reviewer’s Notes: Evidence for CR and PR responses is found in Appendices 16.2.6.28 (Listing
of Pertinent Data for All Responders), 16.2.4.1 (Listing of Baseline Characteristics), 16.2.6.1
(Listing of Bone Marrow Evaluations), and 16.2.6.26 (Listing of Transfusions). Reasons for
responses are listed in Reviewer’s Table below by patient number and FAB subtype.

42



Clinical Review

E. Kaminskas, M.D.
NDA 21-790
Dacogen™ (decitabine)

Reviewer’s Table. Evidence for CR or PR

Patient number FAB subtype | Evidence for CR or PR

012]1-5011 CMML CR. Pancytopenia at baseline, not requiring
transfusions, increased monocytes and granulocyte
precursors in peripheral blood. CR due to normalization
of CBC.

0121-5065 RAEB* CR. Bone marrow blasts decreased from 10% to 2%.
Lost RBC transfusion dependence. CBC normalized.

0121-5081 RAERB CR. Bone marrow blasts decreased from 12% 1o 1%.
Lost RBC transfusion dependence. CBC normalized.

0143-5036 RAEB** CR. Bone marrow blasts decreased from 5% to 1%. Lost

' RBC and platelet transfusion dependence with

normalization of CBC.

1002-5123 RA CR. Pancytopenia corrected. (Not transfusion dependent
pre-study). .

1002-5148 RAEB PR. Bone marrow blasts decreased from 6% to 3%. Lost
RBC and platelet transfusion dependence.

1003-5070 RAEB-t* PR. Bone marrow blasts decreased from 28% to 4%.
Not transfusion dependent at study entry.

1003-5113 RA PR. Pancytopenia partially corrected. Lost RBC and
platelet transfusion dependence. ,

1004-5063 RAEB-t PR. Bone marrow blasts decreased from 26% to 3.6%.
Not transfusion dependent at study entry.

1006-5006 RAEB PR. Bone marrow blasts decreased from 17% to 1%.
Lost RBC and platelet transfusion dependence.

1007-5069 RAEB* CR. Bone marrow blasts decreased from 19% to 4%.
Lost RBC transfusion dependence. CBC normalized.

1008-5060 RAEB PR. Bone marrow blasts decreased from 8% to 2%. Not
transfusion dependent at study entry.

1008-5134 RAEB PR. Bone marrow blasts decreased from 12% to 2%.
Lost RBC and platelet transfusion dependence.

1032-5067 RA CR. Normalization of CBC. Lost RBC transfusion
dependence. '

1033-5151 CR. Pancytopenic, not transfusion dependent on study

RAEB**

entry. Bone marrow blasts decreased from 1%-2% to
<0.5%. CBC normalized.

* Diagnosed as AML by hematopathology consultant, Dr. JM Bennett.
** Consistent with RA not RAEB in this reviewer’s opinion.

Reviewer’s Summary: Nine patients were transfusion-dependent at baseline and became

transfusion independent with normalization of blood counts during the response. Six patients
were not transfusion dependent at baseline, although some were pancytopenic. Patients with
elevated bone marrow blast counts had normalization of blast count percentages during the
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response. In the patient with CMML, pancytopenia and increased monocytes and granulocyte
precursors in the blood were corrected during the response. The above data are consistent with
CR or PR as stated by the sponsor.

Sub-group Analyses. Sponsor’s Table 23 shows responses among patients within IPSS and FAB
classifications, gender, age groups, prior MDS therapy and type of MDS.

Table 23 Subgroup Analyses of Overall Response Rate

Snbgroup Adjudicsted Oversll Respense Ratz {CR+PR)
Dacagen (N =89) Suppertive Care p-valne™
w'n (%) {X¥=§1)
a b}
IPSS Classification®™ :
Tne-1 +28Y 324 40) ‘ 614
Int-2 23825 360} 6.003
High Risk 323413 21 (0} §.134
Gender -
Male 58 @370y £.013
Famale E3ERT 24403 _ DEs
Ape
0004
0414
= £.507
FAB Clwssification**
Ra Wi 8217
PARS B2 -
RAEB. 43 (8} 6.002
BAES4 ¥ G438
CMML 38 (0} 6428
Prior 3ID3 Therapy
Hes 3] £8.2358
o 262 {G) <00
Tvpe of MDS
B Nne 1377410 PR <2001
Secondary I Wil 478

* p-vslues are showd for infemration caly.
** Orizinyl FAS 2nd PSS Clossifiertiet Sem the Ivemizstor Asseszmant.

Reviewer’s Comments: The above subgroup analyses are 'handicapped by the small numbers of
patients in each category. The following may be noted:
® There appears to be a higher response in INT-2 group than in the other groups.
® The twice as high response rate among females is impressive, but is not confirmed in one
of the Phase Il trials.

® There appears to be a very low response rate among > 75 year olds.

® There are no responses among RARS patients, but there are only 7 of them.
* Prior MDS therapy appears to result in a lower response rate.

* De novo and secondary MDS appear to have similar response rates.

Among the 9 patients retrospectively adjudicated by Dr. Bennett to have had AML at baseline,
there were 2 patients with CR, 1 patient with CRi (CR with incomplete blood count recovery),
and 2 patients with PR for an ORR of 56% (5/9 patients) according to IWG AML Response
Criteria , as shown in sponsor’s Table 12. According to IWG MDS Response Criteria, there were
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2 patients with CR and one patient with PR for an ORR of 33% (3/9 patients) (Appendix
16.2.6.25).

Table 12 Responzes in Patients with AV a¢ Baseline by AME WG Criteria®?

Response Bacogen 3rm Supportive Care Arm
N=9¢{} N=3{%)
iR 2R iEscA]
[a:ly E(Ir) G425
PR pJ R G {5

Co-Primary Efficacy Endpoint: Time to AML or Death

The other co-primary efficacy endpoint was Time to AML or Death. The date of progression to
AML was taken from either the Adjudication Reviewer’s or Investigator data sets, whichever
provided the earliest diagnosis of AML. The sponsor considered this approach to be the most
conservative for defining the date of progression to AML.

The results for the ITT population at 92 events are shown in sponsor’s Table 13. According to
the co-primary endpoint model in the statistical analysis protocol, p < 0.024 was required
statistical significance. A median time to event was 121 days greater in the DAC group than in
supportive arm group. However, this difference had only a p=0.043 by two-sided Wilcoxon test-
for homogeneity of survival distributions and a p=0.160 by two-sided log-rank test.

Sponsor’s Table 13. Time to AML or Death* (ITT Population) at 92 Events

Parameter Decitabirie,.N:89 Supportive, N=81 | p-value

Number events (%) 46 (52%) |46 (57%)

Median time to event, days (95% | 340 (285-407) 219 (148-379) 10.043,0.160
CI

Range, days (min — max) 24 — 624 7-432

*Reflects analysis after 92 events. Patients who crossed over or never received randomized
treatment are censored.

Sponsor’s Figure 5 shows the Kaplan-Meier curves for this endpoint in the ITT population.
There is an early separation between the curves, with the DAC curve showing delayed events.
Subsequently, the DAC curve goes to zero because it reflects an actual event, while the
supportive care group is truncated because the largest value is censored.

45




Clinical Review

E. Kaminskas, M.D.
NDA 21-790
Dacogen™ (decitabine)

Tigure & Tirne to AML or Death—All Patients
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Subgroup Analyses. Exploratory subgroup analyses were performed using the Time to AML or
Death for the IPSS groups, FAB classification, gender, age, type of MDS and prior MDS
treatment. The data of these analyses are shown in the subsequent tables (all from sponsor’s

Table 24).

Reviewer’s Table. Subgroup Analysis of Time to AML or Death by IPSS Classification

Population Dacogen Sopporfive Care pvalue’
IPSS Classification—Intermediate-1 {n} N=128 N=4
Ruxber of evenrs () (43} £38)
hfediar {05%: CIf daxs LN 417 {333, N0 0.531°, 0.507°
Fapge davs 50 3417
IF=5 Classification—Intermediate-2 {n} N=38 X=36
Kureber of avears i2:) 18 {47y
Madian (93%: CI) davs 3TL(304-424) 0.004, 0.184°
Range Zays 13824
IPSS Classification—High Risk (1) N=23 N=11
Nuazbar of evenrs (%) 18 {7 T8y .
Aledian [93%: CI) days 260115338 TG (30-269) 0.602' 0.015°
Pange days 35558 7-37%
IPS5 Classificption—Intermediate-2 and N=61 N=§7
Hizh-Risk combined {n}
Nuaaber of avenss (%) 34 (36) 37 {85}
Mfedian (959 CT; davs 335 (2604073 1E8 {106-265) 0003, 0.028°
Range davs 34-824 7-432

The median duration of Time to AML or Death is markedly different in the High Risk category
patients treated with DAC (260 days) as compared to those treated with supportive care (79
days). This difference was statistically significant, with unadjusted p-values of 0.003 (by two-
sided Wilcoxon test) and 0.010 (by two-sided log-rank test). INT-2 category patients had a
longer median duration when treated with DAC (371 days) than when treated by supportive care

(263 days), but this difference was not statistically significant.
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In contrast to High Risk and INT-2 groups of patients, there was little difference in Time to
AML or Death between DAC arm patients and supportive care patients in INT-1 category. In this
category of patients the median Time to AML or Death is shorter in the DAC group than in the
supportive group by 47 days. This difference is not significant, however, it stands in contrast to
longer median time in INT-2 and High Risk groups.

Kaplan-Meier plots of Time to AML or Death for INT-2 + High Risk Patients and High Risk
Patients alone are shown in sponsor’s Figures 6 and 7.

Figure 6 Time to AML or Death—Intermedinte-2 and High Risk Patients
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Figure 7 Time 10 AML or Death—High Risk TPSS Patients
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Reviewer’s Note: These data lead to the conclusion that, according to the Time to AML or Death
endpoint, DAC shows the greatest efficacy in the High Risk patients, some efficacy in INT-2
patients, and none in INT-1 patients
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Reviewer’s Table. Subgroup Analysis of Time to AML or Death by FAB Classification
(from sponsor’s Table 24)

FAB Classification—R A () N=12 N=12
Rasber of evens (%z) 333y 3035
Median {9385z CI} davz 624 {2IC aNC) D800, 0,788
Rangs dzvs Y4624 §2-100

FAB Classification—RARS {n} =7 N=4
Nuasber of evens (35) 17100}
Madian {95% CT) gavs 112 {33-143) 0443, 0.27F
Fange daws 33-143

FAB Classification—RAFR (n) XN=4g N =43
ummber of avens (84 24 {31) 20 (4T
hledian {93% CI} davs 33E{352-3TD) 374218, NCh 0447 0657
Bange gayvs 43481 34417

FAB Clhassification—RAEB-1 () N=17 N=14
Kszber of aveass (%s) 18 (35 153 {83
Medisn (95% CI} doys 173 {12835 83 {30159} 08134 6.611°
Range davs 35556 7373

FAB Classification—CADML (n} N=¢6 X=3
bumber of events 34 E(7H)
hiedizn (V305 LT davs 136 {36432 D23E%, 0004
Range dxvs 30432

*NC means not calculable.

Reviewer’s Notes: Analysis by FAB subgroups in general suffers from small numbers of patients.
Patients with RA had the best prognosis, as could be expected. Patients with RAEB-T had the
worst prognosis, and in this group decitabine appeared to demonstrate efficacy in prolonging the
median Time to AML or Death. The median time in the DAC group was 275 days and in the
supportive care group was 83 days. The difference was significant with-unadjusted p-values of
0.013 and 0.011 by the two statistical methods.
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Reviewer’s Table. Subgi‘oup Analysis of Time to AML or Death by Gender
(sponsor’s Table 24)

Popnlation Dacoegen Soppertive Care p-value’

Gendar—Adales ()

Kumber of aveats 3x)
Yledian {93% L1} davs
Pangs days

pATS, p787

Gender—Females {6}

Munber of 2veats (Yo}
hiadian {935 CI) dav:
Range dave

0.807, 0015

Reviewer’s Note: Analysis by gender suggests that decitabine treatment was beneficial in
females and not in males. Among females the median number of days to AML or Death was 344
days in the decitabine group and 138 days in the supportive care group (p-values of 0.007 and
0.015 by Wilcoxon and log-rank tests, respectively). Among males, the median times in both
groups were the same. ’

Reviewer’s Table. Subgroup Analysis of Time to AML or Death by Age Groups

(sponsor’s Table 24)
= §8 Years of Apge (1) N=23 N=23
Funber of eveats (%t) 11 (48 LR {50y }
Megian (§3% (It gavs 37D (3804015 385 7118, KO 0.3300, 0637
Puange diyvs 38391 3147
6574 Yexrs of Age {n) ¥=4 N=3s
26 {48 10 (54
334 (230, 40} 304 (136, %0 §.280% D 4z8
45-371 T—32
75 or More Years of Age {n} N=24
Fuagber of events (Zx) 13 (63}
Medizp {93%: CI} days 3352324000 0031’ p.e21”
Range days 22424

Reviewer’s Note: Analysis by age group suggests that decitabine treatment was beneficial only
in patients 75 or more years of age in Time to AML or Death. The difference in the median Time
to AML or Death was almost 200 days between the decitabine group and the supportive care
group and this difference was significant with unadjusted p-values of 0.031and 0.021 by
Wilcoxon and log-rank tests, respectively. Patients below 65 years of age had a median Time to
AML or Death that was about 105 days longer in the decitabine group than in the supportive
care group, but this difference was not statistically significant. Patients between 65 and 74 years
of age had about the same median time to this endpoint in both groups.
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Reviewer’s Table. Subgroup Analysis of Time to AML or Death by Prior MDS Therapy

and by Type of MDS (from sponsor’s Table 24)

Prior MDS Therapy—VYes {a} N=27 N=19
Nuzbar of avets (%) 247
Meadizn {93%: CI) days 417 211N 0477, 0387
Pange daws 15417

Prior MDS Therapy—No (n} N=62 X =42
Fuamber of avents 09) 3D AE) 37 (83)
Madian {939 CT} days 3344285400 89 {130-27% 0.008", 0.038°
Rangs dzvz 34-338 T332

Type of MDS—de novo {u) N=77 N=T}
Xmbar of avenrs (54 36 (47 1G£3%
Medizn {95% CI) days 354 319558 263 {334-370% no1g, 00447
Pange 4sys 24424 7432

Type of MD>—Secondary {n} =12 N=11
uasber of eveats (%) ’ 121(83)
Magizn {95° 1474111-334) 0273, 6,354
Range dars 33370

Reviewer’s Notes: DAC appeared to benefit patients without prior MDS therapy and not to
benefit patients who had prior MDS therapy. In patients with no prior MDS therapy, the median
time to AML or Death was about 163 days longer in the DAC group than in supportive care
group. This difference was statistically significant with unadjusted p-values of 0.008 and 0.039
by Wilcoxon and by log-rank tests, respectively. In patients with prior MDS therapy, the median
Time to AML or Death was 103 days shorter in the DAC group than in the supportive care

group.

DAC also appeared to benefit patients with de novo MDS and not to benefit patients with
secondary MDS. Among patients with de novo MDS, the median time to AML or Death was
about 91 days longer in the decitabine group than in the supportive care group. This difference
was significant with unadjusted p-values of 0.018 by Wilcoxon test and 0.044 by log-rank test.

DAC appeared not to benefit patients with secondary MDS, although this conclusion is
confounded by the small numbers of these patients (12 in the decitabine group and 11 in the
supportive care group). Nevertheless, there were 10 events in the DAC group (83% of patients)
and only 6 events in the supportive care group (55% of patients). Furthermore, the median Time
10 AML or Death was_shorter by 57 days (a non-significant difference) in the DAC group.

Overall conclusion is still that small numbers of patients preclude any definite conclusion.
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Analysis of Secondary Efficacy Endpoints

Secondary Endpoint: Survival. The median survival was not significantly
different between the groups, as shown in sponsor’s Table 15.

Table 15 Swnmary of Sarvival Analvsis (ITT)—All Events
Population Dacogen Supportive Care p-value’
Intention to Treat Aualysis N=5p N=51
Mumber of evens Fad 54 {73} 55 (88%)
Medisp 195% CI) dx 39 4314-49%) 417 {333-534) 2750 0638
Range dav: (min-max)? 24-745 36797

¥ Number of evenzs reflerrs follow-up cut-off date of ¥0 August 2004, Patients croasitg over of never secaiving

randonilzed Taz0iens 78 Corsored.
T From acnisl evencs oiy.

From twe-zided Wilcretorn tast for konsogsneity of survivel dismibuions
From two-sided log-rank rest for homogensiny of swvival dismibuzions

Survival analysis by a Kaplan-Meier plot is shown in sponsor’s Figure 8.
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Secondary Endpoint: Transfusion Requirements.

Definitions:

-* Responder (CR or PR): must be transfusion independent for a minimum of 8 weeks in

absence of growth factors during the period of response.
e Transfusion Independent/Dependent: Pre-study — no transfusions for 8 weeks before

randomization; during study — no transfusions during at least one 6 week period. Patients
who did not meet these criteria were considered transfusion dependent.

RBC wransfusion dependence in the study population: 70% (62/89) of patients randomized to

DAC and 60% (49/81) of supportive care patients were RBC transfusion dependent during 8
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weeks prior to randomization. In the DAC arm, 24/62 patients became transfusion independent,
while 38 continued to be transfusion dependent. In the Supportive Care arm, 13 patients of 49
became transfusion independent, while 36 remained dependent. These data are shown in
Sponsor’s Table 18. ' '

Table 18 RBC Transfusion Status—All Patients

Pre-Scudy vs. Dacogen Supportive Care

On Stady N =89 (%) N =581 (%)

Dependent at Baseline N=62(706) . N =419 {(50)
Dependenst io Independent 24 3% 1327
Remaining Dependent 38 (61} 36(733

Independent at Baseline N=27(30) N=232 40
Remaining Independent ' 23 (83} 24 (753
Independent to Dependent 4{I%) 8235

Sonree: Table 14.2.4.3 RBC Transfusion Status—All Pasients

Platelet transfusion dependence in the study population: Twenty of 89 patients randomized to
DAC were platelet transfusion dependent at baseline; 12 became transfusion independent, 9
remained dependent. Eleven of 69 transfusion independent patients became dependent during the
study. Seventeen of 81 patients randomized to supportive care were dependent at baseline and 11
of them became transfusion independent, 6 remaining dependent. Seven of 64 patients who were
independent at baseline became dependent during the study. These findings are summarized in
Sponsor’s Table 19. '

Table 19 Platelet Transfusion Status—All Patients
: Dacogen Supportive Care
Pre-Study vs. On Study N =89 (%) N =81 (%)
Dependent at Baseline N=2I0{ N=17(21)
Dependens 1o Indepeadent 1270 11 (85}
Remaining Dependens EACXS] §{3%
Independent at Baseline N =69 (76) : N=64{79)
Remaining Indepeadent 38 {84) 37 (8%
Independent to Dependent 11415) T

Source! Table 14.2.4.4 Platelet Tranafision Statas— All Patients

Frequency of RBC Transfusions by Cycle — All Patients: Sponsor’s bar graph (Figure 9)
demonstrates that the percentage of patients receiving RBC transfusions remained about the
same (about 60%}) during 6 cycles in the supportive care group, while in the DAC-treated group
it decreased from about 70% to about 20%. Reviewer’s comment: These data are difficult to
interpret as >70% patients in both arms left the study by cycle 6. v

52



Clinical Review

E. Kaminskas, M.D.
NDA 21-790
Dacogen™ (decitabine)

Figure 9 RBC Transfusion Requirements by Cycle—Dacogen vs. Supportive Care

Patients

Dacogen and Supportive Care Patients Receiving RBC Transfusions:

Percent of Patients in Each Cycle

B Dacogen RBC

Supportive Care EBC

Pereent of Patients

Source: Table 14.2.4.5 RBC Transfusion Requiremeats by Cycle—Dacogen vs. Suppottive Care Pafients

Sowrce: Table 14.2.4.5.1 Pattents Receiving Traasfusions—Daccgen vs. Suppartive Care Patients

Transfusion status in responders: Of the 15 responders, 9 were RBC transfusion dependent and 4

of them were also platelet transfusion dependent. All transfusion dependent patients became
transfusion independent during the period of response. Six responders were RBC transfusion
independent at baseline and remained independent. Eleven patients were platelet transfusion
independent at baseline and remained independent. These data are summarized in Reviewer’s
Table below (from Sponsor’s Table 16). :

Reviewer’s Table. Transfusion Status Changes in Decitabine Responders (CR + PR)

Transfusion Status RBC Platelets
Dependent at Baseline N=9 N=4
¢ Dependent to 9 (100%) 4 (100%)
Independent
Independent at Baseline N=6 N=11
e Remained Independent 6 (100%) 11 (100%)
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Hematologic Improvement in patients: Hematologic Improvement is a secondary endpoint, but
does not relate to the primary efficacy endpoint. These data will be summarized in text only. In
the DAC arm, six patients who were RBC transfusion dependent at baseline became independent
(HI-E Major response); two patients who were platelet transfusion dependent prior to study
became independent (HI-P Major response); and one patient who was RBC and platelet
transfusion dependent before study became transfusion independent during the response (HI-E
Major and HI-P Major response). In the Supportive Care arm 2 patients had HI-P Major as best
response, both being platelet transfusion independent throughout the study.

Frequency of RBC and Platelet Transfusions: Comparison of all DAC arm patients with
Supportive care patients is shown in Reviewer’s Table below (from Sponsor’s Table 17). In the
DAC arm patient group, RBC transfusion frequency decreased by about 26% and platelet
transfusion frequency increased. In the supportive care group, RBC transfusion frequency
remained stable, while platelet transfusion frequency increased.

Reviewer’s Table. Frequency of RBC and Platelet Transfusions, DAC Arm Patients vs.
Supportive Care Patients

Period : All DAC, N=89 Supportive Care, N=81
RBC transfusions per Pre-study (8 weeks) 2.3 1.4 '
patient (mean) On-study (6-week

cycles) 1.7 1.5
Platelet transfusions per | Pre-study (8 weeks) 0.8 0.6
patient (mean) On-study (6-week

cycles) 1.1 0.9

A responder analysis demonstrates that RBC and platelet transfusions per patient (means)
decreased in DAC responders, and did not decrease in DAC non-responders or in supportive care

patients.

Reviewer’s Table. Average Number of RBC and Platelet Transfusions per Interval or

Cycle :
Period DAC Responder | DAC Non- Supportive Care
N=15 Responder, N=74 | N=81

RBC transfusions | Pre-study (8 1.7 24 1.4
per patient {(mean) | weeks)

On-study (6-week | 0.5 2.1 1.5

cycles)
Platelet Pre-study (8 0.9 0.7 0.6
transfusions per weeks)
Patient (mean) On-study (6-week | 0.3 1.4 0.9

cycles)
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Secondary endpoint: Rate of Febrile Neutropenia. The incidence of febrile neutropenia was
higher in DAC treatment group than in supportive care group. It occurred in 24 (29%) of DAC
arm patients and 5 (6%) of supportive care patients. The difference was significant (unadjusted
p <0.001).

Secondary endpoint: Rate and Duration of Improvement (CR + PR + HI). These data are shown
in Sponsor’s Table 20. As noted above in the primary efficacy endpoint, there were 17% of
patients with CR + PR in the DAC group and none in supportive care group. There were 12% of
patients in the DAC group with HI, and 6% in supportive care. The Overall Improvement Rate
(CR + PR + HI) was 29% in the DAC group and 6% in the supportive care group, a highly
significant difference. Median days to response were about one-half in the DAC group than in
the supportive care group. Median duration was about the same in both groups.

Median Duration of CR was 288 days (range, 182 to 346 days), and median duration of PR was
239 days (range, 131 to 342 days) (data from Appendix 16.2.6.2).

Reviewer’s Notes: ,
® Durations of CR and PR are underestimates, since 12/15 responders were discharged

from the study because they completed treatment, not because they were no longer in
response status. The remaining three patients remained transfusion independent, but one
CR patient had not recovered normal blood counts at the time of discontinuation, one
CR patient was discontinued from the study because of a non-treatment-related adverse
event (M. avium mediastinal adenopathy), and one PR patient changed to another drug
Jor MDS after two cycles, while still in PR. These data are in Appendices 16.2.1.1,
16.2.6.2, and 16.2.6.27.

Five HI patients were discontinued early (within 2 cycles) from the study, two because they died,

one decided not to continue treatment, one was non-compliant, and one received other therapy.

Secondary endpoint: Quality of Life Analysis. EORTC Scale Version 3.0 was used to assess
quality of life at baseline, at the end of each treatment cycle and at the end of study. DAC arm
patients had the following statistically superior QoL parameters than supportive care arm

patients:
e Global health status
e Dyspnea
e Fatigue

There were no parameters in which supportive arm patients had QoL parameters that were
superior to those in DAC arm patients.

Secondary endpoint: Cytogenetic evaluations. Cytogenetic evaluations were available for 84
DAC patients and 77 supportive care patients; 46/84 (55%) DAC patients and 48/77 (62%)
supportive care patients had clonal abnormalities at baseline. At baseline, the cytogenetic IPSS
prognostic classes were equally represented in the two treatment arms (Sponsor’s Table 7
Baseline Demographics, above). On follow-up, 48/49 (98%) DAC patients and 33/46 (72%)
supportive care patients had cytogenetic results assessed by MDS IWG criteria.
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As shown in sponsor’s Table 21, 9/48 (19%) of DAC patients had a major cytogenetic response
and 1/48 had a minor response. Among supportive care patients 2/33 (6%) had a major
cytogenetic response. Among patients with CR + PR in the DAC arm, 8/15 had a major
cytogenetic response. Of the 2 patients with cytogenetic response in the supportive care arm, one
had a HI, the other progressive disease. :

Table 21 C}»’fogeneﬁc Responders

Patient No. IPSS Classification Cytogenetic Response Best Clinieal Response
{start date)
Dacogen Patients '
0121-5611 Intermedtate {cluomosome +8) Marsor (2/370%) CR (PR 2/340%)
0121-508% Poor (complex, chromosome -7) [ Maswor (9/30/03) CR (PR $3/0%)
D143-5G36 Poor {complex, chromosome -7y |[Majar (3/28402) CR (PR 3/28/02)
1002-5123 Hermedtate (chromosome +8) Mayor (2/27403) LR (PR 2:27103)
1032-5G67 Intermediate (-10q) Maior (3/18/403) CR (82102} -
1033-5151 Poor {chromosone -7} Mator (6:25403) v CR(4:24/03)
1008-5060 Intermediate {chromosome +8) Magor (1272302} . |PR{%/20:02;
1008-5134 Poor {complex) Minor {4203} PR {2/12:03)
1006-3345 Good {-204) Major {7902} HI (5:1702)

Supportive Care Patients

1006-5620 Gooed (Y Major {9/3042) HI {37802
o )

1007-3G39 Imtermediate {chromosome +21% | (Magor at two mouths PD (530:02)
(4:252) transtently;
worsened at end of study: 21,
+8 +6 14 +13; §2702)

Supportive Care Patient Crossed Over to Dacogen

10455678 Geaod {del 5q) Mayor three months after PD {82402 on 57
crossing over to Dacogen; CR (3/1203 cn Dacogen)
(12:3:02) ‘

Source: Fable 14.2.8.1 Summary of Crtogenetic Responses — Best Response; Appendix 36.2.4.2 Listing of
Crtogenetics at Baseltne
‘Reviewer’s Notes:

* Inthe DAC arm, 7/8 CR patients had a major cytogenetic response, and 2/7 PR patients
had a cytogenetic response (one major, one minor). Thus, there appears to be a
correlation between a major cytogenetic response and CR.

® On the other hand, the predictive power of the IPSS classification by cytogenetics was
poor. Of the 7 CR patients only 1 had “good” classification (del 5q), 3 had
“intermediate”, and 3 had “poor”. Of the 2 PR patients, one had “intermediate” and
one had “poor.” In the supportive care arm, one patient with a “good” classification had
a HI, and one with “intermediate”, progressive disease. Reviewer’s Table (data from
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Sponsor’s Tables 7 and 21) shows this poor correlation between the IPSS C ytogenetic
Prognostic Group and response to DAC. Of the 9 patients with CR or PR, who were
classified by IPSS Cytogenetic Prognostic Groups, 4 were in “intermediate” and 4 in
“poor” groups; only one was in the “good” group. ’

Reviewer’s Table. Lack of Correlation between IPSS Cytogenetic Prognostic Group
and Response to Treatment with Decitabine

IPSS Cytogenetic Decitabine arm, CR +PR No response
Prognostic Group at N=89 N=15 N=74
Baseline

Good 44 1 43/44 (98%)
Intermediate 14 4 10/14 (71%)
Poor 26 4 22/26 (85%)
Not evalnable 5

Important clinical outcomes for patients with CR or PR. The sponsor presented an analysis
between responders and. non-responders of the primary clinical endpoint Time to AML or Death
and a secondary endpoint, survival time. The non-responder group (n=155) included both DAC-
treated and supportive care patients. An analysis of responders vs. non-responders in the DAC
treatment arm was not presented. Sponsor’s data on all patients are shown in sponsor’s Table 22.
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Table 22 Clinical Outcomes for Responders vs. Nop-Responders
Responders Non-Responders
Clinieal Endpoint N=15 N=155 p-valuest

Primary Clinical Endpoint

Time to AML or Death

No. of Events 4{27%) 38 (37%%) 4.002°
Median days (3% CT) 491 (400—491) 274 (204-339) 0.01¢7
Range: min-msx 334491 7624

Secondary Clinical Endpoints

Survival Time |

No. of Events : 7 (47%%) 112 £72%) 8.029°
Median days (93% CI) 637 (483, NC) 384 314448y 0.007
Range: min-max 272678 24797

T P-values are provided for informational purposes only NC =Not Calenlable

1 From two-sided Wilcoxon test for homogenetty of survival distibutions

2 From two-sided lop-rank test for homogeneity of survival distributions

Source: Table 14.2.2.3 Times to AML. or Death for—Responders vs. Non-responders; Table 14.2.3.2 Suramary of
Survival Analysis—Respenders vs. Non-Responders; Appendix 14.2.6.21 Listin 7 of Times to AML or
Deatir—Patient Data; Appendix 16 3 Listing of Patient Survival Analysis Data

The sponsor’s conclusion is that CR + PR patients had a median of 217 additional days until

Progression to AML or Death, and a median of 273 additional days of survival as compared to
non-responders. In addition, responders were RBC and platelet transfusion independent during

the period of response, as described above.

Statistical and Analvtical Issues

® Two co-primary endpoints, Overall Response Rate (CR + PR) to randomized treatment

and Time to AML or Death. A two-sided p = 0.024 indicates that the difference is
statistically significant.

* Adjustment for covariates. Analyses of primary and secondary endpoints tested the
primary effect of treatment group without adjusting for covariates. Sub-group analyses
are presented below. ‘ '

* Handling of Dropouts and Missing Data. Lost to follow-up patients were censored on the
date the patient was last known to be alive without AML. There are no missing values for
the primary endpoint of Time to AML or Death. Missing values of secondary endpoints
were mainly due to early patient withdrawal from the study. These were not estimated.

e Multicenter Studies. ANOVA analysis was carried out for possible interaction between
center group and treatment. (Seven center groups were defined for the number of events
(AML or death)). There was no interaction between center group and treatment (p=0.22)

and in between centers within a group (p=0.39).
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* Evaluable (“Efficacy”) subset of patients were: 1) patients randomized to DAC who
never received the drug and 2) patients randomized to DAC who did not receive 2 cycles
of treatment. :

Subgroup Analyses. Overall Response Rate data are summarized in Sponsor’s Table 23 shown
below.

Reviewer’s Notes:
® The size of the study and the numbers in each subset category limit the confidence in
these subset analyses. The results can only be treated as preliminary and suggestive in
most cases. Thus,
O Response rates appear to be similar in the 3 IPSS classifications,
O Both females and males respond, but the twice as high response in females would
need to be confirmed, '
© The response rate appears to be the highest in younger patients and decreases
with age, but these data would need to be confirmed,
O The response occurred in patients with 4 subtypes of MDS (not RARS), but it is
uncertain that response depended on the subtype (i.e. highest in RA and RAEB ),
o Prior MDS therapy was probably not a factor in response, and
© The response rates were the same in de novo and in secondary MDS (but there
were only 2 responders in only 12 patients in the latter category).

(s This WO

a .
Appgn orignd
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Table 23 Subgroup Analyses of Overall Response Rate
Subgroup Adjudicated Overall Response Rate (CR+PR)
Dacogen (N = 59) Supportive Care p-value*
nn (%) N=81)
n/n (%0)
IPSS Classification®*
nt-1 428 (14) . 0:24 (0} 0.134
Ti-2 ' : 8§38 (21) 0736 (0) 0.005
High Risk 3:23 {13} 021 {3) 0.234
Gender
Male 7:59 (12) 0757 {0} 0.012
Female 8:30 (27) 024 (0) 0.006
Age
< @5 8:23(26) 0736 {0) 0.004
65-74 242117 0735 {0} 0.014
> 75 224 (8) 0/16 {0) 0.307
FAB Classification”*
RA 3212 {25} 0712 (6) 0.217
RARS 0:7 (0 C 00 (0) -
RAEB 9:47 (20) 0/43 () 0.002
RAEB-t 2/17{12) 0714 {0} 0.488
CMML 16 (17) 0/8 (0) 0.428
Prier MDS Therapy
Yes 32711 0/19 {0} 0.256
No 12/62 (19 0/62 {Q) C 6001
Tvype of AIDS
De Novo 13777 (17 0/70 {0} = 0,001
Secondary - 212 (16) 0711 (D) 0.478

* p-values are shown for information only.

Subgroup Analysis of Time to AML or Death. Sponsor’s Table 24 will be condensed to show in
each subgroup number of patients, number of events, and median time in days. ClIs, range of
days, percentages of patients affected, and p values will be omitted.

Reviewer’s Table. Subgfoup Analyses of Time to AML or Death

Population Decitabine arm Supportive care
median (days) : median (days)

IPSS Classification

Int-1 370 417

Int-2 371 263

High risk 260 79

Int-2 + High risk 335 189

Gender

Females 344 | 138

Males . 335 339

Age (years)

<65 370 265

65-74 334 304

275 335 143
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FAB Classification ‘
RA 624 Not calculable
RARS 133 118
RAEB 338 : 274
RAEB-t 275 83
CMML 319 136
Prior MDS Therapy

Yes 314 417
No 354 189
Type of MDS ‘

De novo 354 263
Secondary 147 204

Reviewer’s Notes:

As noted above, each group is not large, and the number of events in each group ranges
Jfrom about 40% to 80% to 90% (as in RAEB-t and CMML ). Therefore, any conclusions
can be regarded only as tentative. :

There is a highly significant difference in median time to event in IPSS High Risk patients
(unadjusted p-values of 0.003 and 0.010 by Wilcoxon and log-rank tests, respectively).
There were about 23 patients in DAC arm and 21 patients in supportive care arm, of
whom about 16 (DAC arm) and 17 (supportive care arm) had an event. The differences in
median survival between the DAC arm and the supportive care arm in INT-2 patients and
INT-1 patients were not significant. ,

The median survival in females was significantly shorter in the supportive care arm than
in DAC arm (unadjusted p values of 0.007 and 0.015 by the two methods). In males the
median survival was the same in both arms and equal to that of females in the DAC arm.
The median survival in patients > 75 years was significantly shorter in the supportive
care arm than in the DAC arm. Median survivals were about the same in all age groups
in the DAC arm and in < 65 — 74 year olds in the supportive care arm. .

Median survivals decreased in the FAB subtypes in the DAC arm in the Jollowing order:
RA>RAEB>CMML>RAEB-t>RARS. Median survivals were significantly shorter in the
supportive arm RAEB-t patients (unadjusted p values 0.013 and 0.01] ). They were also
shorter in CMML patients, but the number of patients (6 and 8) and events (5 and 6) were
100 few to ascertain significance. Median survivals were about the same in both arms in
RAEB and RARS patients. o

Median survival in patients who had no prior therapy Jor MDS was significantly longerin
the DAC arm than in the supportive care arm ( unadjusted p values of 0.008 and 0.039).
There was no difference between arms in patients with prior therapy for MDS.

De novo MDS patients in the supportive care arm had significantly shorter median
survival than these patients had in the DAC arm ( unadjusted p values of 0.018 and
0.044).

Sponsor’s Efficacy Conclusions for D-0007 Clinical Study

Efficacy of DAC was demonstrated by an Overall Response Rate (CR + PR) of 17%
(15/89) vs. 0% in Supportive Care (p<0.001). There were 8 CRs and 7 PRs.
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® The median time to response onset for DAC was 89 days.

* Responses to DAC were generally of long duration. The median duration of response was
266 days (131-346 days). DAC responders had a median of 217 additional days until
Progression to AML or Death (491 vs. 274) as compared to non-responders. DAC
responders had a median of 273 additional days of survival (657 vs. 384 days) compared
to non-responders.

* DAC responders became RBC and platelet transfusion independent during response.

e Patients in the DAC arm had a median time to AML or Death of 340 days, compared to
patients in the Supportive Care arm, who had a median time to AML of death of 219 days
(the difference was significant by the Wilcoxon test (p=0.043); and not significant by the
log-rank test (0.160)).

* Anexploratory analysis (Cox proportional hazards model) showed that patients in the
Supportive Care arm had 1.68-fold greater rate of progression to AML or Death than
patients in the DAC arm.

* IPSS High Risk Patients had a longer survival as a result of DAC treatment (median
survival of 260 days vs. 79 days in the supportive care patients). INT-1 and INT-2
patients did not have a significantly longer survival as compared to supportive care
patients. (Median survival of INT-2 patients in the DAC arm was longer than in the
supportive care arm, but the difference was not significantly different (p-values were
0.094 and 0.184 by Wilcoxon and log-rank methods, respectively)).

* DAC patients that were transfusion dependent became transfusion independent during
CR or PR. Typically, they had increased transfusion requirement early on in treatment.

* DAC patients had significantly better Global Health Status, physical functioning, less
fatigue and less dyspnea by QoL measures. '

Supportive Phase II Studies PCH 95-11 and PCH 97-19

Regulatory: Study PCH 95-11 was initiated and completed by Pharmachemie B.V., Haarlem,
The Netherlands (April 15, 1996 to June 16, 1998). Study PCH 97-19 was initiated by
Pharmachemie and completed by SuperGen (October 8, 1997 to September 28, 2001). Supergen
acquired U.S. rights to decitabine and transferred the U.S. IND on November 5, 1999,

Study design: Both studies were multi-center (7 centers in study 95-11, and 9 centers in study
97-19, all in The Netherlands, Belgium and Germany), open-label, single arm studies. Both
studies enrolled MDS patients of all five FAB subtypes. Patients were classified by the IPSS
classification retrospectively, as the IPSS classification was devised after the initiation of these
studies. Both studies enrolled patients with either primary or secondary MDS. Study PCH 97-19,
but not study 95-11, permitted enrollment of patients who had been previously treated with DAC
and relapsed. ’
Both studies used a similar DAC dosage regimen as the Phase III study D-0007 (15 mg/m”
infused IV over 4 hours every 8 hours for 3 consecutive days of a 6-week cycle; the only
difference is the length of infusion, 4 hours instead of 3 hours in the D-0007 study). A minimum
of two courses and a maximum of 6 courses could be administered, although a few patients
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received eight. Patients who achieved CR, PR or stable disease (SD) after two courses received
two additional courses. Patients who relapsed or progressed were taken off the study.

In both Phase II studies, the primary endpoints were
'® Best hematological response,
* Duration of response, and
¢ Overall survival.

Hematological response criteria, which were the same in both Phase 11 studies are shown below.

¢ Complete Remission (CR): The bone marrow was normocellular or shighrly
hypocellular, contained less than 5% blast cells (M1 marrow) along with a full
noraalization of the hemogram (Hb, granulocytes, and platelets within normal ranges).

* Partial Remission (PR): A > 50% decrease in bone marrow myeloblasts and an mcrease
: s e ~ . i 3, : L
in hemoglobin > 1.5 mmol/L. an increase in platelet count > 50 x 10°/L and an increase in

y
gramlocyte count > | x 1071

* ILmprovement: Decreased infections, bleeding episodes. 50% dectrease in transfusion
requirement, decrease of dyspoiests and improvement in peripheral blood counts but not
enough to qualify for PR and CR.

* Stable Disease (SD):  Absence of CR. PR or tmprovement but without clear disease
progression. '

* Relapse: Patients with 2 CR who developed = 5% mveloblasts andior deterioration of
blood counts leading to (increased) transfusion requirements.

* Progression: Deterioration of blood counts leadmg to (increase) transfusion
fequirements or increase in myeloblast count of 10%.

The secondary endpoints in both studies were:
e Transfusion requirements, and
* Changes in ECOG PS.

Reviewer’s Notes:

1. Definitions of CR and of PR are different in the Phase Ill trial and in the two Phase II studies
with respect to peripheral blood counts. In CR, CBC is normal in the Phase II studies and less
than normal in the Phase 11l trial (Hgh >11 g/dL, ANC > 1500/mni’, platelets > 100,000/mnr’).
In PR, CBC is the same as in CR in Phase 111 trial and lower values in the Phase I studies, as
above. More importantly, the response had to last for 2 cycles in the Phase III study; there was
no such requirement for response duration in the Phase II trials. These changes are due to re-
Jormulations of criteria by the IWG. v

2. In PCH 95-11] the secondary efficacy variable is ECOG performance status. In PCH 97-19 the
secondary efficacy variables are ECOG performance status, bone marrow examination for
percentage of blasts, and differential leukocyte count for blast percentage. Transfusion
requirements are not listed as an efficacy endpoint. Transfusion data are in the Safety sections of
the protocols.
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Patient demographics are shown in reviewer’s table below (data from sponsor’s Table 9 in
Section 2.5)

Reviewer’s Table. Demographics of Patients in Studies PCH 95-11 and PCH 97-19

Characteristic PCH 95-11, N=66 PCH 97-19, N=98*
Age in years, mean (range) 68 (37-84) 70 (51-87)
<65 24 (36%) 22 (22%)
65-74 29 (44%) 48 (49%)
>75 13 (20%) 28 (30%)
Gender

Male 46 (70%) 72 (73%)
Female 20 (30%) 26 (27%)
FAB Classification

RA 7(11%) 9 (9%)
RARS ' 0 2 (2%).
RAEB 26 (39%) -1 34 35%)
RAEB-t 24 (36%) 33 (34%)
CMML 8 (12%) v 14 (14%)
AML 0 5(5%)
Unknown 1 (2%) 1 (1%)
IPSS Classification :

Low 1 (2%) 6 (6%)
INT-1 19 (29%) 18 (18%)
INT-2 v 25 (38%) 14 (14%)
High 21 (32%) 37 (38%)
Unknown 23 (24%)

*Eleven patients were relapsed, 12 had been previously treated with DAC in other trials.

Disposition of Patients: In PCH 95-11 41% of patients completed the study. The reasons for not
completing the study are listed in Reviewer’s Table below (data from Table 3 in PCH 95-11
Study Report and Table 2 in PCH 97-19 Study Report).

Reviewer’s Table. Reasons for Patient Discontinuations from Study

Reason PCH 95-11, N=66 PCH 97-19, N=98
Completed study 27 (41%) 41 (42%)
Relapse/Progression 13 (20%) 18 (18%)

Death 11 (17%) 17 (17%)

Adverse Event 5 (8%) 3 (3%)
Withdrawal 4 (6%) 3 (3%)

Other 6 (9%) 16 (16%)

Evaluable Patients in the ITT Population: In PCH 95-11, 48/66 (73%) patients were classified as
evaluable for response. In order to be considered evaluable, patients had to have received two
cycles of DAC therapy and a cycle 2 assessment. Eighteen patients were not considered
evaluable for the reasons shown in reviewer’s table below. In PCH 97-19, 62/98 (62%) patients
were classified as evaluable for response. Thirty-six patients were considered not evaluable for
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reasons shown in reviewer’s table below (data from Table 4 in PCH 95-11 Study Report and
from Table 3 in PCH 97-19 Study Report).

Reviewer’s Table. Reasons for Patients Being Not Evaluable in PCH 95-11

Reason No. of patients,
PCH 95-11
Adverse event — discontinued after one course

4
Early death - received only one course 4
Disease progression — received only one course 4
Withdrawal of consent 1
No recovery of thrombopoiesis after one course 1
Early death - No bone marrow at 6 weeks after course 2 2
Early death — died one week after start of course 2 1

Total ] 18

- Reviewer’s Table. Reasons for Patients Being Not Evaluable in PCH 97-19

Reason No. of patients,
PCH 97-19
Received only one course 25

Early death — received 2 courses 3

Received 2 or 3 courses, but no F/U bone marrow available 4
AML 1 (also 3 others above)
=) 0]

Received previous decitabine, but was not relapsed 1

Received previous] y other chemotherapy, not decitabine 2 (also one other above)
Total 36

Protocol violations: In PCH 95-11, seven patients did not fulfill all inclusion and exclusion
criteria. One had only oral informed consent, five did not have normal renal, hepatic and cardiac
function, one had prior treatment for MDS with a cytotoxic agent.

Primary Efficacy Endpoint: Best hematologijcal Iesponse, which was assessed by each

investigator and also adjudicated by a Chairman’s review. The table below (data from sponsor’s
Table 10, section 2.5) Presents response rates according to the Chairman’s review.
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Reviewer’s Table. Response to DAC Treatment in All Enrolled Patients in PCH 95-11 and

PCH 97-19
Response PCH 95-11, N=66 PCH 97-19, N=98
CR + PR 17 (26%) 24 24%) .
CR 14 (21%) 19 (19%)
PR 3 (5%) 5 (5%)
HI (<PR) 8 (12%) 16 (16%)

In addition to Overall Response Rate (CR + PR), which was consistent at 24% and 26% in the
two studies, the study determined the rate of hematological improvement, a response that was
less than a PR.

Since there were 18 patients that were considered non-evaluable in PCH 95-11, response rates
for evaluable patients are shown below in Reviewer’s Table (data from PCH 95-11 study report
Table 9 and from PCH 97-19 study report Table 11).

Reviewer’s Table. Response to DAC Treatment in Evaluable Patients in PCH 95-11 and

PCH 97-19
Response ' PCH 95-11, N=48 PCH 97-19, N=62
CR + PR 17 (35%) 23 (40%)
CR 14 (29%) 19 (33%)
PR 3(6%) 4 (%)
HI (<PR) _ I 8a1my 13 (23%)

- Reviewer’s Notes:

The overall response rates were similar in the two Phase 1 studies to those in the Phase III study
(the differences are probably due 10 differences in response criteria) and support the overall
efficacy conclusion. : '

The sponsor presents the data in PCH 97-19 separately for patients who had not been previously
treated with DAC and for patients who had been treated and relapsed. Among the 1] relapsed
batients there were no CRs and ] PR Jor an overall response rate of 9%. There were also 3 HIs.
Clearly, the results were poorer than in previously untreated patients. The reviewer merged both
populations into one, as this subset is too small to lead to a definitive conclusion. '
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Subgroup Analyses: Reviewer’s Table below shows the analyses by gender, age, and MDS
classifications. :

Reviewer’s Table. Subgroup Analyses of the Overall Response Rate (CR + PR)

Characteristic PCH 95-11, N=66 PCH 97-19 (N=98)
Age (years) '

<65 5124 (21%) 4/22 (18%)
65-74 5129 (17%) 11/48 (23%)
>175 5/13 (38%) 9/28 (31%)
Gender

Male 146 (15%) 18/72 (25%)
Female 8/20 (40%) ’ , 6/26 (23%)
FAB Classification

RA 1/7 (14%) 2/9 (22%)
RARS - 1/2 (50%)
RAEB ) 8/26 (31%) ' 10/34 (29%)
RAEB-t ' 524 21%) 5/33 (15%)
CMML 2/8 (25%) ) 4/14 (29%)
IPSS Classification*

Low 0/1 416 (67%)
INT-1 4/19 21%) . 4/18 (22%)
INT-2 6/25 (24%) 7114 (50%)
High Risk 7121 (33%) : 9/37 (24%)

* Includes patients with IPSS classification data only.

Reviewer’s Notes:
These subgroup analyses show some similarities and some differences with subgroup analyses in
the Phase 111 trial:
® In both Phase II trials patients 75 yedrs or older did not have a lower response rate as in
the Phase 11 trial,
* A higher response rate in females occurred in PCH 95-11, as in the Phase 1l trial, but
not in PCH 97-19,
* Responses occurred at about the same frequency in all FAB subgroups in both Phase I
trials as in the Phase 1l trial. However, there were only 9 RARS patients in all three
trials with one responder in PCH 97-19,
® [PSS classification may not predict responses, which in all three trials occurred at
similar frequencies in INT-1, INT-2, and High Risk groups. INT-2 patients may have the
highest response rate.

Primary Efficacy endpoint: Duration of Response. In PCH 95-11 the median duration of CR +
~ PR was 250 days, and the mean duration was 263+21.3 (SD) days. In PCH 97-19 the median
duration of CR + PR was 146 days, and the mean duration was 148+25 (SD) days.

Primary Efficacy endpoint: Survival. In PCH 95-11 the median survival was 401 days. In PCH
97-19 the median survival was 468 days.
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Secondary Efﬁcaoy endpoints: 1) ECOG PS did not change over the course of either study, 2)

percentages of blasts in peripheral blood and in bone marrow decreased in both studies.

6.1.4 Clinical Microbiology: see above under Clinical Microbiology.

6.1.5  Efficacy Conclusions (Please note 4.3 Data Quality and Integrity)

1. The co-primary endpoints in the controlled Phase III trial were 1) Overall Response Rate
(CR + PR) and 2) Time to Progression to AML or Death. The difference in Overall
Response Rate (17%) in the DAC arm was significantly greater than in the supportive

care arm (0%) (p < 0.001, Fisher’s Exact test). The difference in Time to Progression to
AML or Death between the DAC arm and supportive care arm did not reach statistical
significance (p=0.160 by log-rank test, p=0.043 by Wilcoxon test). Thus, efficacy of
DAC was demonstrated by the Overall Response Rate, but not by Time to Progression to

AML or Death (p > 0.024 was required to esta
endpoint).

blish statistical significance for either -

2. Responses to DAC occurred in the controlled study and in the two single-arm studies at

similar rates. Reviewer’s table below shows the data for the ITT populations in the three
studies. The ORR for the three studies was 22%.

Reviewer’s Table. Summary of Overall Response Rates to DAC in MDS

(ITT Populations)
Response D-0007 PHC 97-19 PHC 95-11 Total,
N=89 N=98 N=66 N=253
Overall (CR + PR) 15 (17%) 24 (24%) 17 (26%) 56 (22%)
CR 8 (9%) 19 (19%) 14 21%) 41 (16%)
PR 7 (5%) 5(5%) 3(5%) 15 (6%)

3. The overall response rates in the Evaluable populations were higher than in the ITT

populations, as shown in the Reviewer’s table below. The ORR for the three studies was 31%.
These higher response rates are to be expected, as patients who failed to complete at least two
cycles of therapy, mostly because of early deaths, were excluded from the Evaluable populations.
Two cycles of therapy appear to be the minimum length of treatment for a response. Patients
adjudicated to have AML rather than MDS were also excluded from the Evaluable populations,
but this exclusion did not influence the response statistics as AML patients responded as well as
MDS patients to DAC therapy.
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Reviewer’s Table. Summary of Overall Response Rates to DAC in MDS
(Evaluable Populations)

Response- D-0007 PHC 97-19 PHC 95-11 Total,

' ' N=56 N=62 N=48 N=166
Overall (CR + PR) 12 (21%) 23 (40%) 17 (35%) 52 (31%)
CR 6 (11%) 19 (33%) 14 (29%) 39 (23%)
PR ‘ 6(11%) 4 (7%) 3 (6%) 13 (8%)

4. The clinical benefit of DAC-induced responses . was normalization of blood counts and bone
marrow blast percentages and elimination of the need for transfusions in patients who were
transfusion-dependent at baseline. Patients with responses who were pancytopenic but not
transfusion-dependent at baseline had normalization of blood counts. Patients with responses
who had elevated blast counts in the bone marrow at baseline had normalization of blast
percentages.

5. The median time to response to DAC therapy was 89 days in the controlled trial. Responses
were long lasting, as shown in Reviewer’s table below. Median durations of response were 250

and 266 days in two studies and 146 days in one study, with very wide ranges in all studies.

Reviewer’s Table. Duration of Response (ITT Populations)

Duration of Response D-007 PCH 97-19 PCH 95-11
(days)

266 (131-346) 146 (1-545) 250 (78-456)
Median (range) '

MeantSD . ' 14825 263213

6. Responses occurred in patients with each of the five FAB subtypes of MDS, as shown in the
Reviewer’s table below. Small numbers of patients in some subtype categories do not permit
comparison of response rates between FAB subtypes. Responses occurred at similar frequenc1es
among IPSS Intermediate-1, Intermediate-2 and High Risk patients.

We
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Reviewer’s Table.

Overall Response Rates (CR + PR) by IPSS and FAB Classifications

(ITT Populations)

MDS subtype

D-0007,
N=89

PCH 97-19, N=98

PCH 95-11, N=66

Total
N=253

FAB Classification

RA 2/12 (25%) 219 (22%) 177 (14%) 5/28 (18%)
RARS 0/7 (0%) 172 (50%) - 1/9 (11%)
RAEB 9/47 (20%) 10/34 (29%) 8126 (31%) 271107 (25%)
RAEB-t 2/17 (12%) 5/33 (15%) 5/24 21%) 12/74 (16%)
CMML 1/6 (17%) 4/14 (29%) 2/8 (25%) 7128 (25%)
IPSS Classif.*

Low 4/6 (67%) 0/1 417 (57%)
INT-1 4/28 (14%) 4/18 (22%) 4/19 (21%) 12/65 (18%)
INT-2 8/38 (21%) 7/14 (50%) 6/25 (24%) 2177 27%)
High Risk 3/23 (13%) 937 (24%) 7121 (33%) 19/81 (20%)
Total 89 (100%) 75 (77%) 66 (100%)

*Not all patients in PCH 97-19 had cytogenetics and IPSS group could not be determined.

7. Responses occurred at about the same rate in all age groups, as shown in Reviewer’s table

below.

Reviewer’s Table. Overall Response Rates (CR + PR) by Age (ITT Populations)

Age group D-0007, PCH 97-19, PCH 95-11, Total

N=89 N=98 N=66 N=253
Age in years, 69 (31-85) 70 (51-87) 68 (37-84)
mean (range)
<65 6/23 (26%) 4/22 (18%) 524 21%) 15/69 (22%)
65-74 7/42 (17%) 11/48 (23%) 5129 (17%) 23/119 (19%)
>75 2/24 (8%) 9/28 (31%) 5/13 (38%) 16/65 (25%)

8. Response rates in females were higher in males in two of the studies and equal in one

study.

Reviewer’s Tab]e. Overall Response Rates (CR + PR) by Gender (ITT Populations)

Gender D-0007, PCH 97-19, PCH 95-11, Total

N=89 N=98 N=66 N=253
Male 7/59 (12%) 18/72 (25%) 7/46 (15%) 32/177 (18%)
Female 8/30 (27%) 6/26 (23%) 8/20 (40%) 22/76 (29%)

9. Analyses of response rates by race by race/ethnicity were not performed because most of

the study subjects where White.
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10.

Response rates were higher in patients with no prior therapy for MDS than in patients
with prior therapy, as shown in the Reviewer’s table below. De novo and secondary MDS
patients had the same response rates.

Reviewer’s Table. Overall Response Rates - Subgroup Analyses by Prior MDS Therapy

and by Type of MDS (ITT Populations)

D-0007

PCH 97-19

PCH 95-11

Total

Prior MDS Therapy

Yes
No

327 (11%)
12/62 (19%)

1711 (9%)
23/87 (27%)

0/1
17/65 (26%)

4/39 (10%)
52/214 (24%)

Type of MDS
De novo

Secondary

13/77 (17%)
2/12 (16%)

13/77 (17%)
2/12 (16%)

11.

12.

13.

14.

DAC treatment resulted in a statistically longer median Time to AML or Death than
supportive care in IPSS High Risk patients (260 days vs. 79 days, unadjusted p=0.010 by
two—sided log-rank test), but not in INT-1 and INT-2 patients.

DAC treatment had no effect on overall survival; median survival in the DAC treatment
group was 391 days and in the supportive care group, 417 days. In PCH 97-19 study,
median survival was 468 days, and in PCH 95-11 study, 401 days.

Febrile neutropenia occurred more frequently in DAC-treated patients than in supportive
care patients (29% vs. 6%).

Rates of Hematological Improvement (CR + PR + HI) were greater and in DAC
treatment group (28%) than in supportive care group (6%). This difference was
statistically significant (p < 0.001). Median duration of improvement was similar in both
treatment arms, 253 days in the DAC arm and 212 days in the supportive care arm.

~In PCH 97-19 study, the rate of Hematological Improvement (CR + PR + HI) was 41%

15.

16.

(40/98 patients). In PCH 95-11 study, the rate of Hematological Improvement was also
39% (25/66 patients).

In Quality of Life analysis, DAC patients had the following statistically superior
parameters than supportive care patients: global health status, dyspnea and fatigue. In the
supporting studies, performance status did not change during the course of DAC
treatment.

Cytogenetic evaluation} In the DAC treatment arm, 9/48 (19%) of patients had a major
cytogenetic response and 1/48 (2%) had a minor response. Among patients with CR + PR
53% (8/15) had a major cytogenetic response. In the supportive care arm 2 (6%) of
patients had a major cytogenetic response. One had HI and one, progressive disease.
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There was a lack of correlation between IPSS Cytogenetic Prognostic Group and
response to treatment with DAC. ‘

17. The DAC dosage regimen is appropriate for this patient population, since in the
controlled study DAC arm patients received 97% of their prescribed doses.

18. Temporary changes in treatment regimen occurred in 35% of patients, either delays of the
next cycle (19%), delays of the next cycle and dose reduction (11%) or dose reductions

(5%). These changes were due to adverse events.

Limitations of the available data:

1. The statistical plan of two co-primary endpoints (overall response rate and time to AML
or death) with statistical significance p values of > 0.024 each was easily met by the ORR
endpoint, since spontaneous responses in MDS are rare and did not occur in the
supportive care arm of the controlled trial, with resulting p value of < 0.001. However,
statistical significance of the treatment results was not met by the increased time to AML
or death, a clinical benefit that may be difficult to document in MDS for a number of
reasons (e.g. the very wide range of survival, the advanced age of many patients who may
die of other illnesses, the heterogeneity of MDS with varied probabilities of
transformation to AML and of survival).

2. The criteria for responses in the controlled trial are very similar to the IWG response
criteria for MDS, specifying not only the changes in the peripheral blood counts and the
bone marrow but the duration of these changes. The earlier response criteria in the Phase
IT trials differ primarily by the absence of the minimum duration of the hematopoietic
changes.

3. The sponsor comments that the rate and durability of response, conversion to a better
response, time to AML or death, and survival could have been negatively impacted by the
design of the randomized trial. (Patients who achieved a CR, or a PR or an HI by Cycle 4
received only two additional cycles of therapy and then removed from the study.)

4. The above conclusions are based on data as submitted. As described in 4.3 Data Quality
and Integrity, some of the data may not be reliable.

7 - INTEGRATED REVIEW OF SAFETY

7.1 Methods and Findings

A total of 240 patients with MDS had received DAC in the three primary studies (154 patients in
PCH 95-11 and PCH 97-19, and 83 randomized plus 3 crossover patients in the randomized trial
D-0007. The dose of DAC was the same in all 3 studies (15 mg/m” IV every 8 hours for 3
consecutive days). The 4-hour infusion (in two 2-hour aliquots) in the Phase II studies and the 3-
hour infusion in the D-0007 trial did not appear to cause any difference in effectiveness or
adverse symptomatology. Data from these studies cannot be fully integrated. The Phase II
studies used WHO adverse event grading criteria, the D-0007 trial used NCI CTC. In addition to
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these three studies, the sponsor submitted older Phase I/II studies in 129 patients with MDS or
AML, in which higher dosing regimens were administered. These studies cannot be pooled

because of differences in reporting formats, but the data indicate primary toxicity to be dose-
dependent myelosuppression.

7.1.1 Deaths

The number and causes of deaths in study D-0007 are presented in a reviewer’s table, which
presents the data abbreviated from Sponsor’s Table 32. ‘

Reviewer’s Table. Causes of Deaths for Patients Receiving Decitabine or Supportive Care

Cause of DAC Supp. Care | DAC Long- | Supp.Care | TOTAL TOTAL
Death Observation | Observation | Term Long-Term | DAC Support
Period* Period* FollowUp** | FollowUp** | N=83 Care
=83 N=81 N=83 N=81 N=81
Total 12 (14%) 18 (22%) 47 (57%) 37 (46%) 59 (71%). | 55 (68%)
MDS/AML | 2 (2%) 6 (7%) 19 (23%) 17 (21%) 21 (25%) | 23 (28%)
DAC 0 - 0 - 0 -
Toxicity
Any 5 (6%) 3 (4%) 6 (7%) 4 (5%) 11 (13%) | 7 (9%)
Infection
Hemorrhage | 0 0 2 2%) 0 2 2%) 0
Intracranial | 2 (2%) 0 0 1 (19%) 2 (2%) 1(1%)
Hemorrhage
Other**#* 3 (4%) 7 (9%) 5 (6%) 5 (6%) 8 (10%) 12 (15%)
Not 0 2 2%) 15 (18%) 10 (12%) 15 (18%) 12 (15%)
Reported or : '
Unknown

*Observation period was from the first dose to 56 days after the last study drug dose in the DAC arm, and from one
week after randomization to 56 days after study discontinuation in the supportive care arm.

**Long term follow-up was defined as any period following 56-day post-study adverse event observation period.
***Included in the DAC arm: 3 cases of myoctardial infarction, two of congestive heart failure, one of renal failure,
one of respiratory failure, and one of and complications following surgery. Included in the Supportive Care arm: 3
cases of myocardial infarction, one of congestive heart failure, four of respiratory failure, two of multisystem organ
failure, and one of fever.

The overall incidence of death was similar for the two treatment arms. During the study period,
there were fewer deaths in the DAC arm than in the supportive Care arm (12 vs. 18), but on
long-term follow-up (24 DAC patients and 26 Supportive Care patients) they evened out
between the two arms. Of note,

e There were no deaths attributed to DAC toxicity

¢ There were more deaths during the study in the Supportive Care arm than in the DAC

arm
e More patients died of MDS/AML in the Supportive Care arm than in the DAC arm
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Hemorrhagic and cardiovascular events were rare and occurred in both arms with slightly
higher frequency in the DAC arm (one case associated with tamoxifen)

In the long-term follow-up period, disease progression and infection were the most
common causes of death in both arms. :

Narratives of deaths and of SAEs were provided in the submission but are not described
in the review.

The sponsor presents in Table 33 the relationship between serious adverse events (SAEs) and
causes of death. ' :

Febrile neutropenia is related to MDS/AML (1 case)

Anemia, neutropenia, febrile neutropenia are related to cardiomyopathy, renal failure,
CHF (2 cases)

Pneumonia is related to infection (1 case)

MI with CHF are related to MI with CHF (1 case)

Intracranial hemorrhage is related to intracranial hemorrhage (1 case)

Febrile neutropenia and myelosuppression are related to infection (1 case)
Supravemricular tachycardia and subdural hematoma are related to subdural hematoma
(1 case)

Neutropenic fever and dehydration are related to MDS/AML (1 case)

Pneumonia is related to MDS/AML (1 case)

7.1.2  Other Serious Adverse Events

At least one SAE was reported in 69% of patients in the DAC arm and in 56% of patients in the
SC (Supportive Care) arm. The noteworthy differences will be summarized by Sponsor’s Table

34.
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Table 34 Number of Dacogen Patients with Serious Adverse Events
50C ] Dacogen Supportive Care
Serious Adverse Event Preferred Term (N=83) N=81)
‘ Grade 3 | Grade 4 | Al Grades| Grade 3 | Grade 3 | All Grades
N (99) N (%) N(®9) N{%%) | N2} N (%)
Any Serious Adverse Event - - 37 {6%) - - 45{56)
Blood and Iymphatic systemn disorders - - 2834 - - 11 {14)
Febrile zevtropegia 12(14) 3 {6} 21 (2% 3 ) 43
Ansemua NOS 04 0 (0) I 0¢G X)) 43
Neutropenia 11 1(1) Iy RLE)] 2(%H idh
Theombocyiopenia 00y 1{1) 2 060 1N 23
Lymphadenopathy 0 ¢0) 0{0 2 040) g{ 0
Leukopenia NOS RL0)] D {1 0¢0 G (D) 0
Myelosnppression L) 11} i 0B Gy QM
Splenomegaly 040 0 {1} . {0y 0 (D) o0
Cardiac disorders _ - - | sawm - - 1(5)
Myocardial infarction 00 X 22 0y 0{0) LE(E)]
Cardiac fatlure congestive 140 0 {1 adn 1{1) 1{hH
Cardio—tespiratory arest 00 {1y 11y 0 {1} 1{h
Cardiomvopathy NOS U] 1(L} () 50} 1{1) 1{L
Atrial fibrillation 11y 1R{E)] Yy Q 40y 0D{ o
Cardiac faihwe NOS {0 1(13 1{1) 0{0 0 {0y {ERL)]
Supraventricular tachveardia i 0 (0 il 00 G {0} (e )]
Gastrointestinal disorders - - 45 - - 1012
Abdominal pain NOS ' Ty o) | 1) 1(D 0 {0) 1(1)
© Gingival bleeding LRe; 0 {0) 1(1} 00 00) 0 (03
Gingival pain ' 1L Do 1) i 0@ 50
Toague ulceration 0D 00 il 7o) G{0 0O
Upper gastromtestinal haemordiage Q{0 0 (%) il 0 GO )]
General disorders and administrative - - 18 {22) - - §(10
site conditions
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Table 34 Number of Dacogen Patients with Serious Adverse Events {Cont d)

SOC Dacogen Supportive Care
Serious Adverse Event Preferred {N=3% {N=81
Term Grade 3 | Grade 4 All Grade 3 | Grade 4 | All Grades
N (%9) N %) Grades N{%%) N{%%) N (%)
N (%)
Pirexia 18 11} 2014 G0y 1% 1{%)
C-heit pain 141} G (Q) 11 38 0(% )
Internmitent pirexin 00 ) 1{l 1{1} 000 243
Asthenia 1{D) ¢y 1D G40y 0 0 {0}
Lethargy Ly (O 1 o0 0% 040)
Muccsal mflammation NOS 0 G (D) 18 {03 BRI {0}
Rigors 0 ¢ 15 ¢ 00 0{0)
Catheter site haemorrhage 1D ¢ 1D G0 0 0{0)
Hepatobiliary disorders - - 11 - - 040
Cholecystitis NOS RIS gy 1D G 0% 040)
Infections and infestatiens - - 834 - - 1725
Poeumonia NOS ' 81§ 2 14017 7 1{%) 10{12)
Catheter related infection 20 o | 4 G0y 00y, 0 {0y
Celtulitis . 2{ (0 ERE)] 202y 045 4{35)
Fongalinfection NOS . 2(5) 11y 2 00y (G {0y
Urinaty tract fnfection NOS 1{i; G 2{ G0y 0 (0} o0
Staphwiecoecal mfection S22 ¢ {0 LX) Q(0; (] o
Sepsis NOS G0y 1{D I i1} 0 11}
Upper tespiratory tract infection NOS 00 G (9 1{H) 1) (% 1{1)
Bronchopulmonsasy aspergillosis 0 (% (1) 1 )] L) 1310
Peridiverticular abscess 1(1) Gt 1(3 {0y oG 0{0)
Respiratory tract infection NOS 0 (% ) 1 {0y Dy W]
Tung infection psendomeonal o a (D {5 G0y O 4{0
Mycobacteriom avian coniplex 1413 {0 1{1; Gy &Gy 6 {0y
infection
Injury, poisoning and procedaral - - (1) - - 11
complicatiens
Post procedural pain 1 O 1D {0y Ty ¢ {0

Post procedural haemorshage 66 G (0 1¢H Y G (G} UELY)]
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Table 34 Number of Dacogen Patients with Serious Adverse Events (Cont’d)
sSOC Dacogen Suppertive Care
Serious Adverse Event Preferred {N=233) {N =231}
Term Grade3 | Grade4 | Al | Grade3 | Grade 4 | All Grades
N (29) N (%) Grades N (%) N {%9) N (2%}
N {90}
Metabolism and nutrition disorders - - 11 - - 0 (B
Dehdration 1(%) G0 11 (1) QG 0 {0}
Afusculoskeletal and connective tissue - - 1{3; - - 8{B)
diserders
Pain in limb : 1%y G 1 Ry 005 EL))!
Nervous system disorders - - 3 - - 0(6)
Intracranial haemorrhage NOS 104 i(H EXC) LR {1)] 000 0 {0y
Psychiatric disorders - - 2 = - 06
Confuzional state 00y 00 1 00 0% 0 {0
hiental statuz changes 1{1} G0 {1 00} QG 0(0)
Renal and urinary diserders - - 2 T - 3
Renal itwe O | 1M | 1M | 0® | 0@ | 00
Urethrat haemonthage 00 G0) 11 ¢ 0 00
Respiratery, theracic and mediastinal - - 10 (1Y) - - ${11)
disorders
Drvspnoes (3 2{2) SR 1 3(3) 103
Hypozia s | @ 3 11} QG 245
Hemoprysis I | 0@ | 1M | 5@ | 0@ )
Lung infiltraticn NOS 048 gy L G0y 00 G40
Pulmonary embolism 0 11 11 Y] G | 0
Respiratory amest 0% LNty [ReY G0 6% 040)
Pulmonsry mass 016 G0 (1) &0 00 ¢
Skin and subcutaneous tssue - - 143 - - D)
disorders : ' :
Swelling face : 014G i LReY 00 0 a{0)
Yascular disorders - - 11 - - 1y
Hypotensicn NOS 143} e 1L &0 o 0 (D)
Source: Table 14.1.2.4 Tisting of Serious Adverse Eveats — All Patients: Table 14.3.2.5 Summary of Serious
Adverse Events — All Patients; Table 14.3.2.6 Numbers of Patients with Any On-Study Serions Adverse Frent
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Reviewer’s Comments on Table 34:

Under Blood and lymphatic system disorders, more patients in the DAC arm had SAEs
than in the Supportive Care (SC) arm (34% vs. 14%). Twenty-one (25%) of DAC arm
patients had febrile neutropenia, of whom 12 had grade 3 and 5 had grade 4, vs. 4 SC
patients (5%),-of whom 2 had grade 3 and none had grade 4. The differences between
other SAEs (anemia, neutropenia, thrombocytopenia, lymphadenopathy, etc.) were small. -

Under Cardiac disorders, more patients in the DAC arm had SAEs than in the SC arm

(10% vs. 5%). The main differences were 2 patients with MI’s in the DAC arm, one with

atrial fibrillation, one with cardiac failure and one with SVT in the DAC arm vs. none in
the SC arm. '

Under Gastrointestinal disorders, more batients in the SC arm had SAEs than in the DAC
arm (12% vs. 5%). Most SAEs were < grade 3 in both arms.

Under General disorders, more patients had fever 12 (14%) in the DAC arm vs. 4 (5%) in
the SC arm. Other disorders were reported by single patients.

Under Hepatobiliary disorders, one patient in the DAC arm had cholecystitis vs. none in
the SC arm.

Under Infections and infestations, more patients in the DAC arm reported SAEs than in
the SC arm (34% vs. 21%). These ranged from pneumonia, 14 (17%) in the DAC arm vs.
10 (12%) in-the SC arm, and catheter related infections, 4 (5%) in the DAC arm vs. none
in the SC arm, to two or one patients with a wide variety of bacterial and fungal
infections (Mycobacterium avium, pseudomonas lung infection, aspergillosis, etc).

Under Nervous System disorders, there were 3 patients (4%) in the DAC arm with
intracranial hemorrhage vs. none in the SC arm.

Metabolism, renal and urinary disorders, respiratory, skin, vascular SAEs were balanced »
between the two arms.

There were two patients in the DAC arm who had mental status changes vs. none in the
SC arm. ‘

DAC was temporarily suspended because of neutropenia, pulmonary congestion, atrial

fibrillation, central line infection and febrile neutropenia (Sponsor’s Table 36).

DAC dose was reduced because of thrombocytopenia (4%), neutropenia (2%), tachycardia (1%),

pharyrigitis (1%), anemia (1%), lethargy (1%), edema (1%), and depression (1%).
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- Numerically the above data are shown in sponsor’s Table 26, slightly modified by the reviewer
for clarity. '

Reviewer’s Table. Patients Experiencing Dose Reductions and Dosing Delays

Decitabine Dose Reduction and/or Delay Number of Patients (%)

No Dose Reduction & No Dose Dela 54 (65%)

No Dose Reduction. Delay of Dose 16 (19%) :

Dose Reduction. No Dose Delay Ao

Dose Reduction & Dose Delay

|

II

|
|

7.1.3  Dropouts and Other Significant Adverse E vents

Permanent discontinuation of DAC occurred in 8 patients because of
= discontmuation of DAC 1

* thrombocytopenia (2 patients),

* lymphadenopathy,

® neutropenia,

® pneumonia,

M. avium infection,

cardiac arrest,

elevated bilirubin and elevated SGPT (2 patients).

Permanent discontinuation in SC arm occurred in 2 patients because of
—=dltl discontinuation in SC arm

¢ COPD and
* dyspnea (source: Sponsor’s Table 36).

Overlaps. Three patients who had permanent discontinuation (because of thrombocytopenia in
two patients and pneumonia in one) also had dose reductions and temporary suspensions because
of other adverse events (anemia, pulmonary congestion, neutropenia) listed above.
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Overall profile of dropouts. There is no particular profile of patients who
dropped out of the Study.

Adverse events associated with dropouts. Described above.

Other significant adverse events. Described below under composite table of
adverse events,

7.1.4  Other Search Strategies. Literature searches in PubMed.

1.1.5  Common Adverse Events. As stated above myelosuppression and
gastrointestinal events were the most common adverse events in all studies
with DAC.

Eliciting adverse events data in the development program.

D-0007 trial used NCI CTC. While Phase I PCH 95-11 and PCH 97-19 used WHO grading
criteria. Older Phase I/I1 studies’ data cannot be combined with the NCI CTC and WHO because
of differences in reporting formats. However, the safety profile that emerges from these studies is
the same as in the later studies. Pediatric studies in lenkemia used cytotoxic doses four- to ten-
times the doses used in MDS; the major toxicity in these studies was dose-dependent

Appropriateness of adverse event categorization and preferred terms. Adverse
events shown in the table below use MedDRA terminology.

Incidence of common adverse events
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Common adverse event tables

Adverse events that occurred in 5% or more patients in the DAC arm in Study D-0007 are shown
in Sponsor’s table 28 below. Adverse events are classified by System, Organ, Class (SOC)
MedDRA classification and also by grades 3 (“severe”) or 4 (“life-threatening”) in severity. A
5% point difference was used to differentiate adverse events that may be related to MDS or to
DAC. Study D-0007 permits a comparison between DAC and Supportive Care. '

Reviewer’s Comments:

1. Neutropenia, thrombocytopenia, febrile neutropenia, leukopenia were prominently more
common in the DAC arm than in the SC arm, _

2. Gastrointestinal disorders (generally of less than grade 3 ), including nausea,
constipation, diarrhea, vomiting, abdominal pain, stomatitis, oral patechiae, dyspepsia,
ascites were also much more common in the DAC arm than in the SC arm.

3. Among general disorders, Jever, peripheral edema, lethargy, pain were more common in
the DAC arm than in the SC arm, but the rest of the symptoms are fairly evenly
distributed. ’

4. Pneumonia, cellulites, candidal infections, catheter related infections, staph infections
were more common in the DAC group than in the SC group.

3. Avariety of pains (arthralgia, pain in limb, back pain, chest wall pain, muscular
discomfort, myalgias) were more common on the DAC group than in the SC group.

6. Headaches, dizziness, hypoesthesia were more common on the DAC group than in the SC
group.

7. Insomnia, confusional state, but not depression or anxiety, were more common in the
DAC group than in the SC group.

8. Cough, crackles in the lungs, and pharyngitis were more common in the DAC arm than
in the SC arm, but a variety of respiratory symptoms occurred at the same frequency.

9. There were more ecchymoses and patechiae, pallor, rashes, erythemas, alopecias among

' skin disorders in the DAC group than in the SC group.

10. Cardiac murmurs were about evenly distributed between arms.

11. There were differences between groups in the following laboratory values: increased
BUN, decreased albumin, decreased toral protein, increased electrolytes, LDH, and
decreased bilirubin.

12. Most laboratory values were not much different between the two arms.

The sponsor presented changes in adverse events during the ensuing cycles.
1. Neutropenia, thrombocytopenia, anemia continued to be common during the first 6
cycles.
Gastrointestinal disorders decreased after the first 2 cycles.
Fever decreased after the first 3 cycles.
Electrolyte disorders decreased after the first cycle.
In general, most of the adverse events decreased after the first 3 cycles.

b e
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Table 28 Adverse Events » 5% Incidence by System Organ Classification and Grade
SOC Heading All Adverse Events Treatment-
Preferrved Related
MedDRA Term Adverse
Events
Dacogen Supportive Care Dacogen
N=83(%0) N=281{%) N=83(%)
Grade3 | Graded | Al Grades | Graded | Grade s Al All Grades
N (%6} N {%%) N (%0} N (%%} N (2%} Grades N {0}
N{%)
Any Adverse Event 83 {108) 79 (38) 82 (9%
Blood and lymphatic - - 30 (96) - - 69(85) 76 (92}
system disorders
Neutropenia (10 64 (77) IEH | 20en 36{25) 3B{7h 65 (83)
Thrombocytopenia 180223 | 32¢63) 74439 200 13{16) &4 (7% 67 (81)
Anaemnia NOS 9{11) 140 68 (82 s 1L 60 (G 45 (543
Febrile neutropenia 14017 5{6) 2429 3 0{m 3 (6} 18 (22
Lenkopeniz NOS 7(8) 12 {14y 2328 4 (5} 2{ i1{14y 18 (23}
Lymphadenopathy . G {H o 013 1) a0y &7} 0{m
Leukocitosis G0y 1{1) EXARY () 00y HENCE)] G0y
Splenonmegaly G (@ 2{0) 65 2i 00y 7 (9 2(
Thrombocythzemia G 24{0) 4¢3 2 {0y G (1 3{d)
Cardiac disorders - - 27 (3% - - 17 (27) 6(7)
Tachyeardia NOS iy 0 {0} T8 1(1) D B (15} 1{1)
Palmonary oedema NOS () 040) 35 [t} 0{m () {1

On Original
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All Adverse Events

SOC Heading Treatment-
Preferved Related
MedDRA Term Adverse
Events
Dacogen Supportive Care Dacogen
N =83{%) N=81{% N=83 (%)
Grade 3 | Graded4 | Al Grades | Grade3 | Grade 4 AH Al Grades
N9 | N(%%) N (2%) N (%) X (%) Grades N (2%)
AR
Congenital, familial and - - 23 - - LI 0{0)
genetic disorders '
Ear and Iabyrinth - - 12{14) - - 7{9) I
disorders
Endocrine disorders - - {4y - - 1¢h 0 {0)
Eve disorders - - 2002 - - 131 {14 5(8)
Visdon phurrsd (1 0 {0 56 ¢ (0} G40y ()] 2{2
Gastrointestinal disorders - - 7186} - - 45 (36) 44 (53)
Nauses il o { 3dEn 3y 2 {0) 13 (16 18 (22}
Constipation 2% i 2935 {1y 0 {0} 11 {4 7{8)
Diarrhoea NOS Y] G{0 28 (38 (L} {1} 13 (16 13 (16}
Vemiting NOS 0 0 {0 21025 30 00y T 7{8)
Abdominal pain 202y g i)} 12014 33 G40 3 (6} 3
NOS '
Oral mucosal 205 ()] 113 ity UE(Y)] £ (53 435}
Petachiae
Stomatitis 8@ a{m W LHG} 00y 5 {6} &{h
Dyspepsia i(h Q{0) Wiy &) {0y iy i
Ascites G G{M 8(10) )] ERLD)] 2{2} 22
Gingival blesding {13 G {0 {8} G ¢{0) 3(6) 1{1)
Haemorrhoids S 00y 7(8) N (1 0 {0y I a{m -
Loose stools G0 {0} 647y G0y LR 1)) XY 243
Tongue vloeration G {0 §{7) 3 UELY)] 203 {5
Drsphagia 22 4 {0} 3{6) {0 1D 23 X))
Oral zoft tissue 0o G{0 3{6) ¢ {0 {0y D 4(5
disorder NOS
Abdonmnal paie lower G {0y G {0 43 5 {0y 1(5 )]
Lip ulceration ‘ G a{0 4(5 5{0) 040) EXCY 3
Abdomina] dissension G0} 040 4{% 0 040) 1L )]
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50C Heading All Adverse Evenes Treatment-
Preferved Related
MedDRA Term Adverse
Events
Dacogen Supportive Care Dacogen
N=383(%%) N=81{%%) N =83 (%)
Grade3 | Graded4 | AHGrades | Grade3 | Grade 4 Al Al Grades
N() | N@b) | N(%) Ny | Nb) | Grades N (%)
N (%)
Abdemins] pain & {0y a0y 4{5 G {0y o) 11} 1{1}
upper :
Gastrooesophagea{ {0y {0y {5 HE(1] 0{0 G (o a{0)
reflux disexse
Glossedyria 50 {0} 143 () 8{%) X)) 1
General disorders and - - T8 - - 65 (80y 31(37)
adiministrative site ‘ :
disorders
Pyrexia 45 {1 H33H R {1)] 1{1) 2328 13 (15}
Fatigne 3 (6} 2{2) 40 {48} an 1{L) 3G 4n 15 (18
Oedema peripheral ERCY a{m 21425y (4 {0 1315 EXE)]
Asthenia 7{8) 1{1) 1933 4 (5) L{n 21 26y 3{d)
Rigors ENEY 440y 1823 G (w3 HMan Y
Oedema NOS G0y 040y 1318y (1 LR (%] 3 (6} 101
Pamn NOS 3idy 00} 11013 ¢y (%] 5(6) AL)]
Lethargy 2 I{l 100D {0 (l.(!:’_) 3{4) EXCY
Chest pain ERCY 0 {0y g{l1 4{5 ] 911y ()
Teaderness NOS (1) 0 {0 Sy G0y R[] 200 8 (0)
Fall (1Y a {0 Ty i1y 00y 34y (b
Chest discomfort 11 L) 8(T) G (0 00y 34y 0 {0)
Dnternttent pyrexia G a0y 36 N ¢) (W} 34y 2
Malaise R (1) o {0 4{3 S 0 {0 1¢1y G
Crepitaticns NOS G0y 0 {0) 4{H G 0 {0y in 1
Catheier site erythema G 0 {0y {3 & 0{G 1ty G40y
Catheter site pain (1)) 2{0) 2 45 G (0} 00y &0} o0
Injecticn site swelling o (0 0 {0 4{5) G0y 0D G Dy
Hepatobiliary Disorders - - 22{(27 - - 17 (21 $(5)
Hyperbilirubinzemia 4¢5y Y 24 () (0] 3(5) ENEy
Hepatomegaly (1 0 {0 {13 1L 00 0 1{1)
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SOC Heading All Adverse Evenis Treatnent-
Preferred Relared
MedDRA Term Adverse
Events
Dacogen Supportive Care Dacogen
N=83 (%) N =81 {%) N=83 (%%}
Grade 3 | Grade 4 | All Grades | Grade 3 Grade 4 AR Al Grades
N [%9) N {96} X [%3) N (%) N (9%) Grades Ni%)
XN (%)
Immune system disorders - - EE 3] - - 2{I) ¢{0)
Infections and - - 60 (72) - - 43 (33) 19(23)
Infestations
Pnewmentia NOS 1113 2 IB3n &{N 232 1114y 3{10}
Celtulitis 20 I{n Han 2{2 a{m 5(7) 2{3)
Candidal infection 6} 0{0 B {1 5 0{ 1{t) 2{2)
NOS
Catheter related infection 2 Gy 78 {0 ()] 2 (0} 1l
Urinary rract mfection (L) ()] 6{7" i Gy I(h 2
NOS
Staphiylococcal infection 292 1{1) 8{T G{h 0 {0y N 1(1)
Upper respiratory teact 30 a4 36 3D 0 {0y 7(9) 2]
mfection NOS _
Oral candidiasis (g UE()] 36 LR (1)} 0{n 2{2 EREA]
Herpes simplex G {0y 445 I 0 {0y 4(5 2{2
Siirasitis NOS (6 UE(D)] 4¢3 1¢1) 0 {0y 22 1{hH
Bactersemia 2 0D 43 On 0 {0y S0 11y
Injury, poisoning and _ - - 20 {24) - - 1215 1)
procedural complications
Transfusion reaction o 0{ 6{7 D 0{m 3 0
Abrazsion NOS Gy 0 {m 4{3% R i) 0{m 1({1; G{0y
Investizations - - 38 (7 - - AU 13 (16)
Cardiac sayrmur NOS {0 G {0) 13{16) I (] 0 S(11y 2
Alanine aminciransferase () G0 W0y G O {0y {12y 1
mereased B ’
Blood slkaline G {0 {1 S{n () ()] e EXE)
phosphataze NOS
metensed
Aspartate i1y 0{m) {10y 30 0 {n (% 1{1)
aminotransferase
mereased , v
Blood urea increased (0 E (] 510y () {0 i1y - 0
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50C Heading Al Adverse Events Treafment-
Preferred Related
MedDRA Term Adverse
Events
! Dacogen Supportive Care Dacogen
N =83 (%) N =81 (%) N=83(2%)
Grade 3 | Graded4 | AN Grades | Grade 3 Grade 4 AR All Grades
N{%) | N@2e) N (%) N | N(%) | Grades N (99)
: _ N{%%)
Blood lactate RG] G {0 7¢8) 1G] {0 3 {8} 2{2)
delrvdrogenase moreased .
Blood albumin decrensed G0y g{t E{7) G (0 {0y R 24{2)
Blood bicarbonate G AE(Y)] 3 {5 Oy G{0 I 2{2y
increased
Blocd chioride decreazed 50 0 {6 (5 XE)) i X))
Blood bilirubin increazed 80 G40y 3{3 G {0y 0 4(5) 2
Blood chioride increazed G {0y {0 1{5 $ ) 4 (5} D
Protein total decreased ()] G {0y 4{3) (G 0 ENEY 1{1)
-Blood bicarbonate G G {0y 43 {0y tE{)] 1 I¢ly
decreased
Blood bilirubin decseased (D) 2{0) 1 0 {0 LEL1)} in o)
Metabolism and nutrition - - 65 {78) - - 49 (61} 2125
disorders
yperglycaemia 78} G {0y 27 (3% 1 3 {0) 16203 23
NOS
Hypocalcaemia RN {1 21025 (L 1{1} 20025 617
Hypoalbuminasnia 203 G0y 0EH 11 0 {0y M7 6{7)
Hypomzgnesaenzia O {0 G {0 0024 (L EEH)] 6(7y {3
Hypokalaania 242 0 (D) I8 (22 43 o0y 12 3
Hypooatraemia (1 2 {0y 16(19) i} 0 {0} 13{i6} 43
Appetite decreased 200 R 13416 1(I} 1{1) 12{i% i
NGS
Anorexia ()] ¢ {n 13 {16) 1{1} G{m S(1% 5{6)
Hyperkalaenua o 0 {0y a3 1) 3{D) 34 4{3)
Dehvdration 161y ) 36y 1y AEL)! 4 (5 1 1}-
Musculoskeletal and - - 51 (61 - - REFEY 3
connective tissue
disorders
Arthealgia 34 F ()] 1720 o 20y 8§10y 1{1)
Pain in linsh IR ¢)) 0] 619 i 3 { 810y a{h
Back pain 2(3 040) {17 0. G{0 38 1{1)
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S0C Heading Al Adverse Events Treatment-
Preferred Related
MedDRA Term Adverse
Events
Dacogen Supportive Care Dacogen
N =33 (%) N =251 (%8} N =383 (%)
Grade 3 | Graded4 | AH Grades | Grade3 | Graded Al All Grades
N | N() N (95) N (%) N (%) Grades N (%)
- N (%)
Chest wall pain {0 G {0y 6(N (O 040y 1(1) {0
Musenlosheletal {0} G{0 3{6) (1)) G {0y S {0 0{0y
discomfort .
Muscle cramp G G0} 4 {5 {0 LLRR)] 45} )
Mvalzia G0y Hh1)) 4{3) 30y G {0 (1) {1y
Neoplasms beﬁign! - - 5 {6} - - 45 I
malignant and :
unspecified (incl. cysts
and polyps) ’
Nervous system disorders - - 48 {35) - - 26(32) - 13(16)
.Headache 22 0(0y 23428 (] 0{0) 114 810
Dizziness {0y {0} 1518 202 0 0an 243
Huypoaesthesia G {0y S Oy 2 {0y iy 1{n
Peychiatvic diserders - - 3B {4 - - 26 (33 6 (T
Inzomnta o 0 23028 G0y o 1114y 4(3)
Confusional state (R eY) G {0 013 iy} {0 3 2{(3)
Depression N6 0 Sty (] o {0 11 (i) 22
Anxiety G0y 0 (03 St S {0y 810y 0
Renal and wrinary - - 2125 - - 1417 6{7)
disorders
Dysuria (G G0y & G 00y EREy 2(3)
Urisary frequency G0y 00y 45 G (B 0 {0y 11y 1{1)
Reproductive systemn and - - 5 {6) - - 4{5) 4]
breast disorders
Respiratory, thoracic and - - 65 {78) - - £2 (63 174209
mediastinal disorders '
Coungh G0y g 33 (403 () 2{0y 223D 3(6)
Dyspnosa NOS 34y 3y 2328 3¢6% 56 2330 2
Pharymgitis 2 0 1316 LN (1) i §(7) 3
Epistaxis 20 URL)] 12{14 Iy 44{0) E% 3
Cracldes lung [ 0{ 12414 G0y {0 i{) 1{l}
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SOC Heading All Adverse Events Treatiment-
Preferred Related
MedDRA Term Adverse
Events
Dacogen Supportive Care Dacogen
N=83(%%) N =81 (%) N=83 (%)
Grade 3 | Grade4 | AHGrades | Grade 3 | Grade 4 AR All Grades
N (%) X {99) N (8%) N (%) N (%) Grades N (96)
N (%0)
Plenral effusion i1y 0{0) & (1) 2( 440 {11 (N
Breath sounds decreased G (03 0{0) 810y G {0y a4{m 7 (%) 0{
Hypouis 3 {6} 0y §{1%H 1l 1{H 4(5: 1{1)
Rales G (% UE()] 748 G0 0 2(2) Oy
Nasal congestion &0y 0{ 3{& o(h 0 (0) (9 G{0)
Wheezing SN (1 UEQ)] 3{6y G G{m T D {0
Haemoptysis i ()] 3{6) (O] g (M & (73 e}
Nasopharyngitis 0y {0 3{6) (1)) 0{m §(7) 2'.( ity
Lung infiltration 11y D {0) 4¢3 2 1{ly 3(8) I}
NOS '

Dyspnea exertional (i) {0 4{3y 1l G {0 413} 1{1)
Postrasal drip G G{0 45 R (G EE()] 2(2) 1{1)
Skin and subcutaneous - - 68 (82) - - 47 {(38) 23(28)

tissue disorders
Contusion 403 040y 20024 B 6{n 2023 {6y
Ecchymosis 1 UE()] 1833 O {0y iR11)] 12015 3{H
Rash NOS el (1 0 {0y 16419 G (% G {0y 79} 6(D)
Ervthema &0y 010 12414y G0y 0 {0} 3 (8} 1{l)
Skan lesion NOS X1 L)) S0 Q0 G {y i 23
Prusitis 00} 040y Sy R 0 (0 2023 24{2)
Alopecis X (G 0{m) T8 G0y 0 1(1) 3(6)
Night sweats Ry 04§ 6(7) () G e 141y
Sweating increased (1} 0{0n &M o0 0{0 7% 0t
Ukticaria NOS 40 0 {0y 3(6) G0y 0{) h 2%
Sweliing face (0} 040y 68 G {0 0{0 G (0 D

Social circuwmstances - - D {0) - - I 6{0)

Surgical and medical - - 4{5) - - 6(7) a0

procedures

Vascnlar disorders - - 3] (61) - - 30(37) 14 (17
Petechiae 2 () UE(Y] 3239 {1 G{y 13{i6; 16 (12)
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"SOC Heading All Adverse Events Treatment-
Preferred Related
MedDRA Term Adverse
Events
Dacogen Supportive Care Dacogen
N=B3 (%) N =81 (%) N=583 (%)
Grade 3 | Graded | Al Grades | Grade3 | Grade 4 All AN Grades
N | N N (%) N () N (%) Grades N (%)
N (%)
Patlor ey 0 {0) 02 ()} )] Wan )]
Hapotension NOS i) 0 {0y {6 G 1y £(H 141}
Hapersrension NOS LI a{m 45 | 1 o 5.(1%) {0
Haematema NOS el (1) 0{m 353 (0 0{) 34y 80
Source: Table 14.3.1.3 Suvowmary of Adverse Events — All Patients ; Table 14.3.1.4 Nombers of Patiears with Any On-
Study Adverse Event; Table 14.3.1.5 Numbers of Patiends with Any On-Study Adverse Events Related to Treatent:
Table 14.3.1.6 Summary of Adverse Events — Events Judged Pelated to Study Drug; Appendix 16 2.7.1 Listing of
Adverse Events—All Patients; Appendix 18,2 7.2 Listing of Adverse Events — Events Judged Related 1o Study Drug

Sponsor’s Table 12 compares adverse events in the DAC arm to the DAC treatment in Studies
PCH 95-11 and PCH 97-19. There are similarities and differences between the D-0007 trial and
the Phase II studies. The sponsor is at a loss to explain the differences, especially as the same
DAC regimen was used the same patient population.

Differences:

* Blood and Lymphatic System. Much higher incidence of neutropenia (83% vs. 9%),
thrombocytopenia (81% vs. 6%), anemia (54% vs. vs. 4%), febrile neutropenia (22% vs.
14%), and leukopenia (23% vs. 2%) in the controlled study than in the Phase II studies.

* Infections/Infestations/Pyrexia. Lower incidence pyrexia (16% vs. 36%), herpetic

infections (11% vs. 2%) in the controlled study than in the Phase 11 studies.

* Vascular disorders (phlebitis), hemorrhage, epistaxis. Much lower incidence of vascular
disorders (17% vs. 32%), epistaxis (4% vs. 12%), hemorrhage (0% vs. 16%) in the

. controlled study than in the Phase II studies. ‘
¢ Metabolism and nutrition. Disorders are higher in.the controlled study (25% vs. 14%).

Similarities:
* Gastrointestinal disorders, fatigue, nervous system disorders, laboratory studies, skin and
subcutaneous tissues have about the same incidence in all studies.
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Table 12 Adverse Events (>10%) Related fo Treatment

MedDRA SGC DOGOT PCHS511 & PCH 9719
Adlverse Event N=83 {95} Combined N=135 {9%)
Blood and Lymphatic System 76 (92 44 (28
Neuviropema 62 {83} 14 (%)
Thrombocytopenia 57 (81 15 (6}
Anermia 450548 - 6{=)
Febrile Neutropenia 18 (22} 21014
Lenkopeata : 19 (233 35
Gastrointestinal Disorders 44 (53) 83 (54)
Nauzea 18 {22} 48 (3%
Dharthea 13 (16} 17 (1)
Voniting 78 13010
Abdominal pain : 3 12 (8}
General Disorders 3139 83 (5T}
Pyrexia 13(1¢) 36 (36)
Fatigue 15 (18} 2415
Infections/Infestations ) 19 (233 50 (39
Prenmonia §{(10) 261(13)
Herpes simplex » 23 1715y
Investigations 1318y 15 (1%
Metabolizm and Nutrition 21 (23 2114
Nervous System 13 (18 28(18)
Hendache S{10) 15 (1
Respiratory Disorders 17 {20y 35 (35
Epistaxis 34 18(1
Cough 3 (6} 14 (9}
Skin and Subcutaneous Tissue 23 (28} 373
Vascular Disorders 14 (17 (3N
Petechize 19 (13 13 (8}
Hemorthage , 0 25 (18

Identifying common and drug-related adverse events

The above analysis described differences in incidence between the DAC arm and the SC arm.
Higher prevalence of adverse events, when present, in the DAC arm is presumed to be drug-

related. The sponsor used 5% difference to differentiate between dru g-related and non-drug-

related events.

7.1.6  Less Common Adverse Events

Adverse events in MDS and DAC therapy are encountered by virtually 100% of patients. The
cut-off for the above tables (5%) appears to be reasonable. '
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Laboratory Findings. Described above under adverse events.

Overview of laboratory testing in the development program. Laboratory testing
is described in the description of the study protocol above.

Selection of studies and analyses for drug-control comparisons of laboratory
values. D-0007 Trial is the only controlled trial and lasted sufficiently long for
drug-control comparisons.

Standard analyses and explorations of laboratory data. The drug-control
analysts is presented above. A comparison of the DAC arm in the D-0007 trial
is contrasted to the combined data from PCH 95-11 and PCH 97-19 ( Sponsor’s
Table 12 from Module 2). Analyses focused on measures of central tendency.
The key laboratory parameters were hematologic (both bone marrow and
peripheral blood data). Since the response rates 1o DAC were low (15%-20%)
and 80%-85% of patients in the decitabine treatment group continued to
decline, a central tendency analysis would not lead to clarification of drug
action.

Analyses focused on outliers or shifts from normal to abnormal. In MDS, by
definition, hematologic values are abnormal at baseline. Hematological values
decline further with DAC treatment until there is a response. Other laboratory
values become abnormal as a result of adverse events and pre-morbid state.
They do not reflect drug effects.

Marked outliers and dropouts for laboratory abnormalities. The following

laboratory abnormalities led to permanent discontinuation of DAC:
thrombocytopenia (2 patients), neutropenia (1 patient), and elevated bilirubin
and SGPT (2 patients). :

Appears This Way
On Original
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Additional analyses and explorations. Dose reductions and dose delays are
described above.

Special assessments. No special assessments were carried out. Hepatic
abnormalities were minor and transitory with continued treatment, except in
the two patients noted above, who had DAC discontinued.

7.1.7  Vital Signs. Analysis of vital signs was not carried out, as they changed

only as a result of intercurrent illness, such as dehydration with
gastrointestinal adverse events.

Overview of vital signs testing in the development program. Vital signs were
measured at each visit, but were not key indicators in the development program. -

Selection of studies and analyses for overall drug-control comparisons. The
only controlled study was D-0007.

Standard analyses and explorations of vital signs data. No such analysis was
carried out, as it is not germane to a drug of this class.

Analyses focused on measures of central tendencies. No analyses were carried out

for reasons stated above.

Analyses focused on outliers or shifts from normal to abnormal. No analyses

were carried out for reasons stated above.

Marked outliers and dropouts for vital sign abnormalities. Stated above.

Additional analyses and explorations. No analyses were carried out for reasons

stated above.

7.1.8  Electrocardiograms (ECGs)
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Overview of ECG testing in the development program, including brief review of
preclinical results. ECGs were obtained at baseline, but no special testing was
carried out during the development program. QTc testing was neither
performed nor requested to be performed. There were no signals suggesting
that DAC is arrythmogenic. In the D-0007 study, there were three myocardial
infarctions in the decitabine arm and three, in the supportive care arm. One
patient who had atrial fibrillation at study entry that was controlled with a
calcium channel blocker and digoxin. The AF was present throughout the study
but was under control. One patient had AF at baseline and was treated with
diltiazem, a beta-blocker and amiodarone. A third patient had tachycardia and
syncope. AF was not reported during the study, which lasted only one cycle. The
patient had onset of AF 6 weeks after the last dose of DAC. There were no
sudden deaths in either arm during the study period. DAC has been in
development for > 30 years without evidence of arrhythmogenic effect.

7.1.9  Immunogenicity

Decitabine is a deoxyribonucleotide analog that has not been described as immunogenic since its
synthesis over 40 years ago.

Decitabine is not listed as a known or reasonably anticipated to human carcinogen in the 1

7.1.10 Human Carcinogenicity

llh

Report on Carcinogens by the National Toxicology Program (2004) (http://ntp.nichs.nih.gov).
However, azacitidine is listed as a reasonably anticipated human carcinogen. Thus, it is possible
that decitabine may fall into the same category. National Toxicology Program has been contacted

for response.

7.1.11 Special Safety Studies

Only mild and transient elevations of liver function tests were noted. There were no
deaths due to hepatic or renal failure.

pecrs This WCW
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1.1.12 Withdrawal Phenomena and/or Abuse Potential. Not applicable.

7.1.13 Human Reproduction and Pregnancy Data. Exposure in pregnant patients
has not been reported. All studies exclude pregnant women or me and
women not practicing contraception.

7.1.14 Assessment of Effect on Growth. Early studies with DAC involved
pediatric patients with acute leukemia. Effects on growth have not been
reported in humans.

7.1.15 Overdose Experience. Early studies with DAC used much higher (5- to
10-fold) doses in patients with solid tumors than doses used in treatment
of MDS. There were no overdoses in the three trials in-this NDA.

7.1.16 Postmarketing Experience. Decitabine has not been marketed in any
country.

7.2 Adequacy of Patient Exposure and Safety Assessments

Treatmeht emergent adverse events, defined in this NDA as all adverse events, were reported by
100% of patients in the DAC arm (83/83 patients) and by 98% of patients in the supportive care
arm (79/81 patients).

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

A total of 240 patients with MDS have received DAC in the three primary studies (83 patients
who received DAC as a result of being randomized to the DAC treatment arm in the Phase III D-
0007 trial, 3 patients who crossed over from the supportive care arm to DAC in D-0007, and 154
patients treated one or more times in the Phase II studies PCH 95-11 and PCH 97-19 {11 patients
re-entered PCH 97-19 study after relapse following DAC treatment, one patient re-entered the
study without a relapse]). All three studies used 15 mg/m’ every 8 hours for three consecutive
days for a total of nine doses per course. This dose was infused over 4 hours (in two-hourly
aliquots) in the Phase II studies. Since these infusions were well tolerated, a single 3-hour
infusion was used in the Phase I trial.

The number of courses administered in the controlled trial is shown below in Sponsor’s Table 9.

About 70% of patients received 2 cycles of DAC (the minimum for a response to occur) and only
30% received 5 cycles.
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Tahle 9 Expesure te Dacogen or Supporstive Care by Cycle
Cycle Iracogen Supportive Care
: {N =39} (N=381
No. of Patients Percent of Patients No. of Patients Percent of Patients
Completed Completed Completed Completed

Cycle 1 33 03% 73 932%%
Cyele 2 . 64 73% 61 : T5%
Cyele 3 a7 53% 4 519
Cycle d . 38 43% 3G 37%
Cyete 3 27 30% 33 312%
Cycle 6% 23 26% 20 25%
Cyele 7 Q 10% 6 7%
Cycle 8 » K 8% 4 3%
C j,ﬂe. 9 1 1% 1 1%
Cycle 10 0 . 0% 8 0%

*Two (2) patients randomized to Dacogen were sttll participattng i the study following six cvcles at database lock.
Number of cycles as reflected by investigator at End of Study. Six Dacogen patients were ot reated and six
Supportive Care patients withdrew before completion of the first 6-week cycle.
Patient exposure was similar in the Phase II studies PCH 95-11 and PCH 97-19. However, the
sponsor notes that data from the three studies cannot be fully integrated because of the
differences in data collection procedures and in grading systems. The Phase II studies used WHO
grading criteria, while the Phase III D-0007 trial used NCI CTC.

Still older Phase I/11 studies in 129 patients with MDS or AML had higher dosing regimens.
They also cannot be pooled, in part because of differences in reporting formats, but are

individually reviewed in the Integrated Safety Summary.

The following table enumerates all subjects and patients across the entire development program.
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Demographics

Demographics are described above under the randomized controlled Phase 111 trial and the two
Phase II trials.

Extent of exposure (dose/duration)

Dose. Each DAC cycle treatment cycle consisted of nine 15 mg/m” IV infusions. Patient
compliance with dosing was determined by dividing the number of cycles in which all 9
infusions were administered by the total number of cycles given. In D-0007 trial, 86 patients
exposed to DAC received 97% of their prescribed doses. Patient exposure is shown in Sponsor’s
Table 25 below.

Sponsor’s Table 25. Patient Exposure to Study Drug*

Average Dose Per Median Cumulative Dose Range of Cumulative Doses
Treatment Cycle Received in Study ‘ Received in Study
247 mg 735 mg 203-2614 mg

*Includes data from the 83 patients randomized to DAC and 3 patients randomized to SC who
crossed over to receive DAC as delayed treatment.

Duration of Exposure. The median number of cycles completed was 3 for both the DAC and for
the SC treatment arms, and the median number of months was 5.1 and 3.5 months in the DAC
and the SC arms, respectively. In PCH 95-11 all 66 patients were exposed to DAC and received
at least one course; 51 patients received at least 2 courses. In PCH 97-1 9, all 98 patients received
at least one complete course; 73 patients received at least 2 courses.

7.2.2  Description of Secondary Clinical Data Sources Used to Evaluate Safety
1. Data from the previous holder of the IND are included in this submission.

2. There are no post-marketing data, as the drug has not been marketed in any country.
3. Literature reports

Other studies

There were no other studies.

Postmarketing experience

There is no postmarketing experience, as DAC is not licensed in any country.
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Literature

There is considerable current interest in DAC, since the description of a new mechanism of
action, i.e. inhibition of DNA methylation during DNA synthesis and the relationship of DNA
hypermethylation in a variety of neoplasms.

There have been a large number of reviews of the mechanism of action and of completed and on-
going clinical studies. Among them should be mentioned the following:

Myelodysplastic Syndromes at www.cancer.gov

Mufti G, List AF, Gore SD, Ho AYL. Myelodysplastic Syndrome. Hematology (Am Soc
Hematol Educ Program) 2003;:176-99.

Greenberg PL, Young NS, Gatterman N. Myelodysplastic Syndrome. Hematology (Am
Soc Hematol Educ Program) 2—2;:136-61.

Jones PA. Effects of 5-azacytidine and its 2’-deoxyderivatives on cell differentiation and
DNA methylation. Pharmacol Ther. 1985;(28):17-27.

Hennessy BT, Garcia-Maner G, Kantarjian HM, Giles FJ. DNA methylation in
hematological malignancies: the role of decitabine. Expert Opin Invest Drugs.
2003;12:1985-93.

Issa JP. Decitabine. Curr Opin Oncol. 2003;15:446-51.

Daskalakis M, Nguyen TT, Nguyen C et al. Demethylation of hypermethylate
gene in patients with myelodysplastic syndrome by decitabine treatment. Blood.
2002;100:2957-64.

Hoffman WK, Koeffler HP. Differentiation therapy for myelodysplastic syndrome. Clin
Cancer Res 2002:8:939-41. -
Silverman R. Targeting hypomethylation of DNA to achieve cellular differentiation in
myelodysplastic syndromes (MDS). Oncologist. 2001;6:8-14.

Lubbert M, Wijermans P, Kunzman R et al. Cytogenetic responses in high-risk
myelodyspastic syndrome following low dose treatment with the DNA methylation
inhibitor 5-aza-2’-deoxycytidine. Brit J Hematol. 2001;114:349-57.

Wijermans P, Lubbert M, Verhoef G ¢t al. Low-dose 5-aza-2’-deoxycytidine, a DNA
hypomethylating agent, for the treatment of high-risk myelodysplastic syndrome: a
multicenter Phase II study in elderly patients. J Clin Oncol. 2000;1 8:956-62.
Wijermans PW, Krulder JW, Huigens PC, Neve P. continuous infusion of low-dose 5-
Aza-2’-deoxycytidine in elderly patients with high-risk myelodysplastic syndrome
Leukemia. 1997;11:519-23.

Kantarjian HM, O’Brien SM, Keating M et al. Resu]ts of decitabine therapy in the
accelerated and blastic phases of chronic myelogenous leukemia. Leukemia.
1997:11:1617-20.

PI5/INK4B
d 15/,

7.2.3  Adequacy of Overall Clinical Expeﬁ'ence
Three studies were submitted in this NDA, one controlled by best supportive care arm,

the other two single-arm studies. In all, 240 patients were exposed to DAC in these
studies. In addition, a multi-center Phase I/II study enrolled 38 patients, who received
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higher doses of DAC than the MDS patients. An EORTC trial of 220 patients randomized
to decitabine or placebo is underway. Altogether, this number of patients should provide
adequate safety data.

e There are adequate numbers of male and female patlents (in about 2:1 ratio, which.is
characteristic for MDS).

* There is inadequate racial or ethnic representation, as most of the study subjects were
White (Caucasian).

* Doses and durations of DAC in the three studies submitted in this NDA are the same as
proposed in the submitted package insert.

e One best supportive care-controlled randomized study of adequate size supported by two
single-arm studies with similar results is sufficient to answer critical questions.

 There is only one approved drug in this drug class, the ribonucleotide analog, azacitidine.
The toxicity profiles of the two drugs are very similar, if not identical. Both drugs act on
replicating cells, inhibit DNA methylation at CG islands, induce cell differentiation and
result in cell cytotoxicity. They have no P450 isozyme interaction, are mainly excreted in
bile, but show little hepatotoxicity except in hepatically impaired patients, and little
evidence of renal toxicity in absence of cardiac failure and dehydration.

¢ The following exclusionary criteria that were used in the trials also are valid for the use
of decitabine in practice as the drug may pose additional dangers: autoimmune anemia,
thrombocytopenia, active infection, neutropenia, HIV, uncontrolled cardiac dlsease
mental illness or other conditions preventing full cooperation. :

7.2.4 Adequacy of Special Animal and/or In Vitro Tesz.‘ing

Toxicology studies were adequately performed. Human pharmacology studies were difficult to
perform due to the lack of a reliable assay (three were tried with varying success). Routine PK
studies have been adequately performed. However, the relationship of PK to drug activity is
uncertain. A pharmacodynamic assay is in development (i.e. the inhibition of DNA methylation).

7.2.5 Adequacy of Routine Clinical Testing -

Study protocols were clearly described and followed. Any omissions were noted under Protocol
Violations.

7.2.6 Adequacy of Metabolic, Clearance, and Interaction Workup

See Section 5.

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

This drug was synthesized over 40 years ago, used in clinical trials for over 25 years, and
subsequently developed under the auspices of NCI and two successive commercial SpOnsors.
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7.2.8  Assessment of Quality and Completeness of Data

The safety data for DAC in the randomized D-0007 trial were of good quality and well
presented. The data for the older Phase II studies show differences from the D-0007 data that are
difficult to explain and may be less complete. The D-0007 data are similar to the data for
azacitidine and more likely represent the adverse event profile for DAC.

7.2.9 Additional Submissions, Including Safety Update

The sponsor submitted a Safety Update on March 1, 2005 with data from new trials in MDS
(ID03-0180) and AML (DAC-011). The safety profile in these studies is similar to what was
reported in the original submission.

No new conclusions regarding safety are warranted as a result of the update.

No evidence of cumulative toxicity was found.

No patient deaths were attributable to DAC treatment in the D-0007 trial. However, 6
patients died from disease complications exacerbated by myelosuppression that was
treatment-related. Since the database lock for D-0007, 6 additional patients died; three
from disease progression, one from AML, one from complications of AML, one from
unknown cause. '

In the ongoing DAC-011 (AML) trial, 15 patients received DAC. Three died, one from
progressive AML, one from intracerebral hemorrhage due to thrombocytopenia, one from
retroperitoneal hemorrhage/cardiac arrest. Six additional patients in this trial died more
than 30 days after the last study treatment, five from progression of AML, one from acute
MI. -

Two unusual events occurred in a Phase I study of DAC in combination with valproic
acid in selected hematologic malignancies. One patient with COPD died from fungal
pneumonia, hyperammonemia, and progressive neurologic deterioration.
(Hyperammonemia has not been previously reported). The other patient had worsening
hypoxia and possible “differentiation [retinoic acid] syndrome” that resulted in death.
The sponsor updated safety information using the literature search service Nerac, which
discovered case reports and small studies of DAC in AML and CML, prior to initiating a
phase Il trial of DAC in patients with sickle cell anemia patients.

7.3 Summary of Selected Drug-Related Adverse Events, Important Limitations

of Data, and Conclusions

Virtually all patients treated with DAC reported adverse events, more than patients in the
control arm. : '

Most common adverse events were hematologic, especially thrombocytopenia, febrile
neutropenia, leakopenia, and anemia.
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¢ Likewise common were gastrointestinal disorders, such as nausea, vomiting,
constipation, diarrhea, abdominal pain, stomatitis, dyspepsia and ascites.

e Infections were common, probably related to leukopenia, and included pneumoma
catheter infections, skin infections, and fungal infections.

» Fever, lethargy, peripheral edema, a variety of pains, headaches, hypesthesias dizziness,
insomnia, and confusion occurred more commonly in the DAC group than in the control
group.

¢ Ecchymoses, patechiae, pallor, rashes, erythemas and other skin disorders were more
common in the DAC group than in the control group.

* Hepatic enzyme elevations and renal function abnormalities were rare and their
relationship to DAC uncertain.

e There were no drug-related deaths.

¢ SAEs were related to the MDS and mechanism of action of the drug resulting in
neutropenia and infection, anemia and cardiovascular complications, thrombocytopenia
and hemorrhage.

7.4 General Methodology

7.4.1 Pooling Data Across Studies to Estimate and Compare Incidence

The adverse events tables for controlled study D-0007 and the Phase II studies are pooled above.
The incidence of many adverse events appear to be similar, but hematological adverse events are
unexplainably less frequent in the Phase II studies.

Pooled data vs. individual study data

As above.
Combining data

As above.

Appears This Way
On Original
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'7.4.2 Explorations for Predictive Factors

Explorations for dose dependency for adverse findings. There was a standard
dose administered to all patients with dose reductions and dose delays for
neutropenia and thrombocytopenia.

Explorations for time dependency for adverse findings. The length of courses
was the same, and the average number of courses administered was 2-3.
Therefore time dependency could not be studied.

Explorations for drug-demographic interactions. The issue of greater
percentages of responses in females than males was described above.

Explorations for drug-disease interactions. As described above, the adverse
event profile of DAC is similar to the pathophysiology of MDS, therefore
similar adverse events may be due to DAC or to MDS. It is clearly evident that
hematological pancytopenias due to MDS worsen with DAC treatment until a
response ensues.

Explorations for drug-drug interactions. Formal drug interaction studies have not been
conducted. Patients in the clinical trials received various concomitant medications; no
clinically significant interactions were noted. Possible potentiation by tamoxifen in causing
severe thrombocytopenia (40,000/mm’ ) with subsequent intracerebral bleeding occurred in
one case.

Appears This Way
On Original
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7.4.3 Causality Determination. Since the pathophysiology of MDS results in
similar adverse events as DAC, the sponsor chose to use a numerical
difference between DAC-treated patients and supportive care patients
experiencing a particular event to determine causality.

8 ADDITIONAL CLINICAL ISSUES

8.1 Dosing Regimen and Administration

The dosing schedule used in the three studies described in this NDA, which resulted in similar
efficacy and safety, lends confidence to this dosage reglmen In the controlled study, DAC arm
patients received 97% of prescribed doses.

Thus, the starting dose of 15 mO/m infused i.v. over 3 hours every 8 hours for three days
every six weeks is an appropriate starting dose.

Dose modifications depended on adverse events or lack of efficacy.

There were no dose modifications for patients with hepatic or renal impairment, as these
patients were excluded from the studies.

Effect of food was not specifically investigated, since the drug is administered i.v.

The regimen can be improved in the following areas:

The drug would be easier to administered if it could be administered subcutaneously
rather than intravenously, or intravenously once daily over a shorter period of time. These
studies are being carried out either by the sponsor or by academic investigators. The most
promising regimen appears to be 20 mg/m’ infused i.v. over 1-hour once daily for 5 days
every 4 weeks. This regimen appears to be at least as effective and safe as the above
regimen; however, only relatively few patients been so treated, making this conclusion
premature.

Appropriate dose modifications should be explored for patients with mild to moderate
hepatic or renal impairment.

8.2 Drug-Drug Interactions

The use of concomitant medications paralleled the pattern of adverse events observed. For
that reason, concomitant medications were used far more frequently in the DAC 0roup
Possible potentiation by tamoxifen in causing severe thrombocytopenia (40, 000/mm”) with
subsequent intracerebral bleeding occurred in one case.

103



Clinical Review

E. Kaminskas, M.D.
NDA 21-790
Dacogen™ (decitabine)

8.3 Special Populations

Race. As noted above, the few non-White patients (4% African Americans, 2% from other

origins) precluded analysis by race. About 93% of patients were White in the D-0007 trial. In the

Phase 11 trials from Netherlands, Belgium and Germany most patients were presumed White, but
-racial background was not always entered in CRFs.

Gender. The following table (Sponsor’s Table 30) will present the analysis by gender. In
summary, '

e Males in the DAC arm reported the following adverse events more frequently than
women : neutropenia, thrombocytopenia, anemia, abdominal pain, fever, asthenia,
hyperbilirubinemia, pneumonia, cellulitis, staphylococcal infections, hyponatremia,
erythema, splenomegaly, dyspnea, sweating and

o Females in the DAC arm reported the following adverse events more frequently than
men: febrile neutropenia, nausea, constipation, loose stools, stomatitis, headache,
crackles in the lung, ecchymosis, pruritis and patechiae. '

* Males in the SC arm reported the following adverse events more frequently than women:
febrile neutropenia, splenomegaly, cardiac disorders, constipation, fever, pneumonia,
cellulites, nervous system and psychiatric disorders, cough, dyspnea, ecchymosis,
erythema, hyperhidrosis, and patechiae.

* Females in the SC arm had the fewest adverse events. The only one in which they
surpassed men was headache.

Reviewer’s Note: Neither the sponsor nor the reviewer performed statistical analyses of the
significance of these differences between genders in patients with adverse events. The numbers of
events were probably too small to draw conclusions. Nevertheless, at least a doubling of patients
with adverse events (male vs. female) in a background where these adverse events are low in the
SC arm suggest the following as possibly reflecting significant differences between genders:
* Inmales, splenomegaly, abdominal pain, hyperbilirubinemia, pneumonia, and erythema.
o [Infemales, febrile neutropenia, and stomatitis.
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Table 30 Adverse Evenis by Gender

"SOC and Preferred Termm

Dacogen

N =$3 (%)

Supportive Care
N=81{%)

Aale Female Male Female
s =19 (=57 =29
Blood and lymphatic system 35 (100) 23 (8% 45 (863 3083
diserders
Neutropenia 3295 23 (82} 42774 16 (67)
Thrembocyiopenia 32{9% 2279 45 (7% 19 {79y
Anpemia XOS 49 (89} 1% (68} A2 {714 18 (75}
Febrile neutropenia 1222 12 {43} ) 0 {0
Splenomegaly 6{11) 8 T{12} O (0
Cardiac disorders 18 (33) 5 (32) 1425 {1y
Eve disorders 1425 6{21) 7{13) 4 (173
Gastrointestinal disorders 46 (84) 15(89) R25m 13{3%)
Nausea 20{36) 13 (54 a{16} 447
Constipation 16 {3%) 13 (46} o {16} 2 {8}
Abdomimnal paia NOS 16:{18) 240 35 2{8)
Laose stools 2{4) 4 (14} 2{8 1{4)
Stomatitis 2{d 8 (2% 33 2(8)
General disorders and 48 {87y 24 (36) 42 {86} 16 {67
administrative site conditions
Pyrexia 32{38) 12 {43 17 (38 6 {25)
Asthenia 1520 4 (14 1228} 6(25)
Hepatobiliary disorders 17 (3L 513 IS (26 2(8
yperbilitubinsenua 10{18) - 2{7 3{5) 1{4)
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S0C and Preferred Term

Supportive Care

N =832 N=81{%%)
Male Female Male Female
(N=55) (N=18) (N=5% N=14
Infections and Infestations 43{78 17 (61} 32 {56) 11 {46y
Paennrenia NOS 1527 3(iy 9{16} 208
Cellnistis 10(18) 0%y 5 (9} 1{h
Staphyviccorcal infection 6¢11) 0% G (0} G {0
Investigations (7D 19 (68) 30 (33) B{33)
AMetabolism and nutrition disorders 44 (86) 21 (75 37 (65} 12 (56
Hyvponatraemia 1338 iy 9{ls) 4417
Musculoskeletal and connective 31(56) 20 (71 2442 5 (38
tissue disorder
Nervous system disorders 29 (5% 17 {61} 20635 6{25)
Headache 13 (24 1036 T{12) 4{17)
Psychiatric disorders 24 {44) {43} 20 (35 6 (25)
Respiratory, theracic and 45 (8D 2071 12 (74} 16 {4y
Medinstinal disorders
Cbugh 24 {44y Qi3 2137 44 ")
Dryspnoea NOS 1730 &2 B3y 3D
Skin and subcutaneous tissue 46 (84) 22 29 {68} 533
disorders .
Ecchymosis 10{18) 8 (2% 11¢19) 1{4)
Erythema 10 {18} 280 {7y 1
Sweating increased 6{11) 0 7{12} 4 {0
Pruritis 4(7 5018 i) 1{4)
Vascular disorders 30 {55) 23 ('5) 23 (40 T{29)
Petechiae 15427 17061y 11 (1% 2{8

Sovrce: Table 14.3.1.8 Summary of Adverse Events ~ Female Patients; Table 1-L.3.1.9 Sunnnary of Adverse
Events—2dale Pattenty; Appendix 16.2,7.4 Listing of Adverse Events — F emale Patients: Appendix 16.2.7.5
Listing of Adverse Events — Male Panents

Subgroup Analysis by Age. In both DAC and SC arms the largest groups of patients were aged

65-74 years. This group appears to have a greater number of adverse events than either the
younger patients (<65 years of age) or the 75 years and older patients.

* There were very few adverse events in the DAC group that showed a trend, i.e. increasin

with age or decreasing with age. Nausea, vomiting, constipation, and musculoskeletal
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disorders decreased with age. Pallor increased with age. Most adverse events did not
show a pattern.
* Most of the adverse events were reported at far greater frequency in the DAC arm than in

the SC arm across all age groups. The following were more frequent in the DAC arm:
¢ Gastrointestinal events,

e Infections of all types,
* Electrolyte disturbances possibly due to vomiting, diarrhea and dehydration,
e Rare confusional states.

* Some adverse events were more frequent in the DAC arm and others in the SC arm

among different age groups (such as leukocytosis, hypertension, elevation of liver function
tests, hypocalcemia, headaches).

¢ Hematological abnormalities were reported almost as frequently in both arms, because
this is a characteristic of MDS.

* Asthenia was uniformly more common in the SC arm in all age groups.

* In conclusion, analysis by age groups did not reveal any trends or dosing
recommendations.

Table 31 Adverse Events by Age (< 65; 65-74 and = 75)

50C and Preferred Term Dacogen Supportive Care
N =383 (249) N=81{2®)
<65y 65-74v =75y <865y 6574y 275y
N=22 N=4{ N=11 N=30 N=35 N=1s
Blood and lymphatic system | 21 {83) 39 (98) 20093 7 {90} 31(8% 11 (6%}
disorders '
Angzenda NOS 16 {73) 34 (85} 18 (88) 21 (M 3D 86} 9 {36}
Splenomezaly 3014 3(8) 0(0) 2(7) 1y | 18
Lenkocytasis 165 10 | 4a9 | spo | zan 1(65)
Cardiac disorders 5423 16 (40) 6{25) 6 {20} 8423) {1y
Cardiac failure congestive (D {0} A0 0 (5] 1(3) G0
Ear and labyrinth disorders 2{% 7{1%) {1 4113} L) 1{6)
Tinnims D% 1{3 2{1; 1(3) D {0 108
Eye disorders 627 9 {23y 529 LR EW) 4(11y 213
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S0C and Preferred Term Dacogen Supportive Care
N =83 (%) N=81(%)
<65y 65-T4y >78y <a5y 6574y =75y
N=22 N=40 N=121 N=30 N=135 N=1%
Gastrointestinal disorders 19 (86) 35 (88 17 (81} 1757y 18 (51} 1) (63)
Nansea 14 (64) 17 (43) 4 {19 317 401 4{3%)
Constipation 941) 14 (35) 6 {29 103 (14 S{31}
Vomiting NOS g {36) 9 {23} 4 {19 3010} 3(%) 1(8)
Abdominal pain NOS 4¢18) 7 {18} 1{3) EXE0)! 2(6) G
Ascites 4(18) LRy 1(3) 00y 143 1{(6)
Dryspepsia IS 4{1% “4{19} o 1¢33 eE (1))
Glossodymta D0 2% {10y 2{0) LG e (G}
Oral patn 000y 113) 21 {3y DG 1(6)
Retching D F( ) 00 2{18) 00y 0 G0
General disorders and 26 (9D 6 (0D 16 (76) 7(90) | 28(80) 10 {63}
administrative site
conditions
Fatigne 14 {64) 21 (53) 334} 17 (57 1345 7 {443
Asthenia o 4{18) 923} 6 {29) 8027 1130 2{13)
Catheter site haematoma 0 (0% 00y 210 {0 0% 00
Catheter site haemotrhage R 143) {10} 0 (0 % 1 (6)
Injection site swelling {0 3% 2{10) 0 {0 0 G {0
Hepatobiliary disorders 4(18) 1230 629 6(20) 10 29 1{6)
Infections and Infestations 1779 ) B3] 12 (5T 18 (60) 13 ¢51) 7 {44)
Celtulitis 4{18) 5§13} 1{ {10 146y 1(6)
Siaﬁh}flomccaﬁ mfection 4018 23 ooy 0 (0} 0% 40y
Upper respiratory tract ERES)) 2 {5} 0 {0y 3%y 4018 G0
irrfection NOS
Catheter related infection (5 23 324 0 Dy ()
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S0C and Preferred Term Dacogen Supportive Care
N =153 (%) N =381 (%0)
<65y 6574y =78y <65y 6574y =78y
N=22 N=40 N=21 N=3) N=35 N=16
Injury, poisoniﬁg and 4 (18} 13 (33 3145 517 F(14) 2(13%
procedural complications
Investigations 14 (69 29 {73} 16 {76} H 4 19 {54y (3L
Alanine aminctransferase 627 3{8) 1{3) 413} 4015 2{13%
mcreased
Blood alialine phosphatase 4(18) 4 {10y 1{3) 4{13} 13} 2{13)
NOS  increased '
Blood creatinine increased (% 13} I{10) 1(3) 3{% 1(5)
Blood carbon dioxide 0(Gy -040) 2{1m Ug (3} 0(%) ()]
mcreased
Heart rate irregular DGy 1(3) {10y {0 R (4
Metabolism and nutriden 16 {73) 32 (8D) 17 (8L 16 (53} 24 {69) 9 (56}
disorders
Hypocsleaemia 8 (36) 923 419 6 {20} 1130 3119}
Hypokalaemia 627} 9{23) 3{14 27 3(14) 319
Hypoglycaemia NOS I 00 O 0 (n o 4]
Musculeskeletal and 15 {68) 27 (68 9 (43) 10 (33) 14 (40) 9 {56}
connective tissne disorders '
Pain in limb 8 (36) 7{18} 1{3) 2{n 3% {1y
Chest wall pain E¢E)] 3{8) 04 13 00 ()]
Musculoskeletal I 2(3) 240 00 o G
discomfort
Nervous systemn disorders 15 {68) 221¢35) B (43 327 1337 53
Headache 1045 12 (3% 15 2 (1% 4 {25
Hypoasgthesia 4{18) 3(13 0 ()] N 143y G {0y
Intracranial haemanhage o {3 2{1 0 00y 3
NO5
Psychiatric diserders 13 (59) 1230 11 (52 1137 11431) 4 (25
Anzgety 4{18) 4 {14} 13 4 {13} 4711} G0y
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S0C and Preferred Term Dacogen Supportive Care
N =83 (0%) N =81 (%)
<65y 6574 ¥ =275y <65y 6574y >TSy
N=22 N=40 N=11 N=3D N=35 N=16
Depression 4(18) 4 {16y 13 17 517 G{m
Confirsional state 29 4{10) 419y 0 {0 1(3) 2{13}y
Respiratory, thoracic and 18 (82 31(78) 16 (76) 15 (63) 24 (69) @ (56)
mediastinal disorders
Nasal congestion 4(18) 13 {0 3{10y ) 2 {13}
Renal and wrinary disorders| 4 (18) 11(18) 6(29) ${13) 6(17) 4 {25}
Michwition disorder 0 0{ 2{1® o{0} 0 © O (0}
|Skin and subcutaneous I7 D 35(88) 16 (76 18 (53) 25¢T1) 6 {13}
tissue disorders
Conhasion 4{18) 1025} 6 {29 32N 11313 1(6)
Ecchympsis 2% 10:(25) 6 {29 2 T20 3119}
Vascular disorders 13 (39 25463 13 (62) 12140 14 {40y {25}
Pailer 34 1025 6 {29} 3{1% 411y 1(5)
Hypertension NOS 005 1{3 3(14) 2{N 3{14) 1(6)
Hasmatoma NOS 0 24{3) 2{1y G0 2{6} 1(6)

Source: Table 14.3.1.10 Summary of Adverse Events—Patieats Under 65 Years of Age; Table 14.3.1 11 Summary
of Adverse: Evenfe—Patients 65-74 Years of Age; Table 142,112 Summary of Adverse Events—Patientz 75
Years and Older: Appendix 16,2.7.6 Listing of Adverse Events—Patients Under 65 Years of Apge: .
Appendix 16.2.7.7 Listing of Adverse Events—Patients §5~74 Years of Age; Appendix 16.3.7.8 Listing of
Adverse Events—Patients 75 Years or Older

® The above analyses of adverse events suggest that special dosing considerations are not
needed for gender or age.

* No statement can be made with regard to race.

* Pediatric population, patients with hepatic or renal insufficiency, and pregnant or
lactating women were excluded from these studies. '

8.4 Pediatrics

MDS is rarely seen in the pediatric age group.
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8.5 Advisory Committee Meeting

There are no plans to present'this application to the Oncology Drugs Advisory Committee.

- 8.6 Literature Review

Literature references are citeéd throughout, under 7.2.2.3, and under References at the end of the
review. A formal review was not carried out, as plentiful high quality reviews are widely
available, cancer.gov review being a prominent example.

8.7 Postmarketing Risk Management Plan

There 1s an on-going EORTC trial in which MDS patients have been randomized to decitabine or
best supportive care, and the primary endpoint is overall survival.

8.8 Other Relevant Materials

Division of Drug Marketing, Advertising and Communication agreed with the sponsor’s
proposed name of DACOGEN.

9.0 OVERALL ASSESSMENT

9.1 Conclusions (also see 4.3 Data Quality and Integrity)

1. DAC is an agent that reduces the hypermethylation of DNA, which is common in MDS.
Decreased hypermethylation (or hypomethylation) of DNA is thought to result in
restoration of normal growth control in hematopoietic cells. As a result, a response to
DAC results in complete or partial normalization of blood counts and bone marrow blast
percentages (where previously abnormal), and patients are no longer dependent on
transfusion of RBCs and/or platelets. Elimination of transfusion dependence results in
decreased discomforts and decreased risks of transfusion hemosiderosis, transfusion
reactions, and possible infections. DAC treatment has not been shown to decrease the risk
of development of AML or to increase overall survival.

2. The data in this submission demonstrate that a minority of MDS patients (about 17%-
26% in the ITT populations of the three studies) had long-lasting complete or partial
responses to DAC. In the controlled trial, 17% of patients in the DAC treatment arm had
a response, while none of the patients in the supportive care arm had a response. This
difference in response rates between the two arms was highly significant (p < 0.001).

3. The response rates were higher in those patients who were able to complete at least two
cycles of therapy, the minimum required for a response. Among these patients, the
response rates were about 21% to 40% in the three studies (the wide range in response
rates between studies may have been due to differences in definitions of responses).
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4. The responses were long-lasting. Median ranges for the three studies were 146, 250, and
266 days in the three studies.

5. Thus, decitabine is useful for eliminating transfusion dependence in patients with
complete and partial responses and also in Hematological Improvement patients (whose
responses failed to meet the criteria for partial response). Between these response
categories, 28% to 41% of DAC-treated patients lost the need for transfusions.

6. Subgroup analyses showed that responses to DAC occurred at similar frequencies in all
FAB classification subtypes, in High-risk, INT-2 and INT-1 IPSS subtypes, in all age
-ranges, in both genders, in patients with prior therapy for MDS and in patients without
prior therapy, and in de novo MDS and secondary MDS. IPSS prognostic group did not

predict the probability of response.

7. Major and minor cytogenetic responses occurred in about one-half of complete and
partial responders.

8. Quality of life analyses showed improved global health status, dyspnea and fatigue in the
DAC treated patient group but not in supportive care patient group.

9.2 Recommendation on Regulatory Action

The data presented in this NDA suggest that DAC is approvable for treatment of MDS patients
with all FAB subtypes and High-risk, INT-2. and INT-1 IPSS subtypes, previously treated as
well as untreated patients, and patients with de novo or secondary MDS. However, because of
the deficiencies noted in 4.3 Data Quality and Integrity, approval of DAC is contingent on
submission by the sponsor of verifiable data supporting the efficacy and safety of DAC in
MDS.

DAC is an inhibitor of DNA methylation, promoting differentiation of hematopoietic cells, and
is also a cytotoxic agent causing cell cycle arrest and apoptosis. It is effective in about 17% to
26% of MDS patients in completely or partially restoring normal blood cell counts and normal

" percentage of blasts in the bone marrow, and in reducing or eliminating transfusion dependence.
The therapeutic effects are generally long lasting. DAC treatment has not been shown to result in
survival benefit. The goals of decitabine treatment should be to restore normal blood cell counts
and bone marrow blast percentages and to eliminate transfusion dependence.

The dose of decitabine is 15 mg/m2 administered intravenously over 3 hours; this dose is
repeated every 8 hours for 3 days every six-weeks. The dose is adjusted according to blood cell
counts. Patients should be treated for a minimum of four 6-week cycles.

Reviewer’s recommendations for decitabine (Dacogen™) labeling are not incorporated into this
review. :
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9.3 Recommendation on Postmarketing Actions

9.3.1 Risk Management Activity

Postmarketing safety reports (21 CFR 314.80).

9.3.2 Required Phase 4 Commitments

As noted above, a controlled trial, in which MDS patients are randomized to DAC or placebo, is
on-going under EORTC auspices.

9.3.3 Other Phase 4 Requests

9.4 Labeling Review

The major changes will be in the description of the mechanism of action. Description of the
Clinical Studies results is contingent on review of verified data.

The trade name was reviewed by Division of Medication Errors and Technical Support
(DMETS); there are no issues with the proposed name.

A medication guide is not necessary, as DAC will be administered by health care professionals.

9.5 Comments to Applicant

The sponsor will be requested to submit a Data Verification Plan.
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10. APPENDICES

10.0 Review of Individual Study Reports

Data included in the text of the review.

10.1 Line-by-Line Labeling Review

Labeling review will be performed at the time of resubmission of this NDA.
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Division Director Summary Review of a New Drug Application

NDA: 21-970 ‘

Drug: Dacogen'™ (decitabine) for Injectlon
Applicant: SuperGen, Inc.

Date: August 27, 2005

This new drug application was received on November 1 2004 for the following proposed
indication:

Dacogen is indicated for treatment of patients with Myelodysplastic Syndrome
including previously treated and untreated, de nove and secondary MDS of the
following subtypes:

FAB: refractory anemia, refractory anemia with ringed sideroblasts, refractory
anemia with excess blasts, refractory anemia with excess blasts in transformation,
and chronic myelomonocytic leukemia.

IPSS: High-risk, INT-2, and INT-1

The proposed dosing regimen is “15 mg/m2 administered by continuous intravenous
infusion over three hours repeated every 8 hours (q8h) for three days... This cycle
should be repeated every six weeks. It is recommended that patients be treated for a

~ minimum of 4 cycles; however, a complete or partial response may take longer than 4
cycles. Treatment may-be continued as long as the patient continues to benefit.”

Clhinical Review

The Clinical Review was completed by Edvardas Kaminskas, M.D. on August 22, 2005.
The following recommendation on regulatory action, required phase 4 commitment,
summary of the clinical program, and efficacy and safety findings are excerpted from the
Executive Summary of Dr. Kaminskas’ review:

1.1 Recommendation on Regulatory Action

Approval of decitabine for treatment of patients with myelodysplastic syndrome
(MDS). The data in this NDA were reviewed as submitted. As described
below, these data suggest that decitabine is approvable for the stated
indication. However, inspections of the two largest sites of subject enroliment
by the Division of Scientific Investigations led to the conclusion that data
collected by these two sites are unreliable (see below in 4.3 Data Quality and
Integrity). Therefore, from a clinical perspective, approval of decitabine is
contingent on the submission by the sponsor of verifiable data supporting the
efficacy and safety of decitabine in MDS.




1.2.2 Required Phase 4 Commitments

Completion of EORTC 06011 Phase III randomized trial of intravenous low-dose
decitabine versus supportive care in elderly patients with primary MDS,
secondary MDS or Chronic Myelomonocytic Leukemia (CMML) who are not
eligible for intensive therapy.

1.3.1 Brief Overview of Clinical Program

Product name, class, starting dose and route of administration: Dacogen™ for
Injection contains decitabine, an analogue of the natural deoxyribonucleoside 2’-
deoxycytidine. Decitabine promotes cell differentiation and is also cytotoxic.
Dacogen is administered by a 3-hour intravenous infusion at a starting dose of 15
mg/m2 every 8 hours for three days every 6 weeks.

Indications and populations studied: Adult patients with all FAB subtypes of
-myelodysplastic syndrome. '

Number of pivotal efficacy and safety trials: One Phase III controlied trial,’
supported by two single-arm Phase II trials.

Number of patients enrolled in the primary trials: 170 in the Phase III trial and
164 in the Phase 11 trials.

Overall number of patients in the safety database and extent of exposure: 240
patients in the three primary studies and 183 patients in six ongoing studies. In
the Phase III controlled trial, the average dose per treatment cycle was 247 mg,
median number of cycles was 4, and the median cumulative dose received was
735 mg (range, 203-2614 mg).

1.3.2 Efficacy

Efficacy of decitabine in treatment of MDS is demonstrated in the controlled,
randomized Phase 11I trial D-0007, in which of 89 patients randomized to
decitabine 83 were treated with decitabine (plus 3 crossover patients from the
supportive care arm) and 81 patients received supportive care only. Similar
efficacy results were found in the two single arm, multicenter Phase 11 studies,
PCH 95-11 and PCH 97-19, in which 66 patients and 98 patients, respectively,
were treated with decitabine. All three trials had enrolled patients with MDS of all
FAB subtypes and of high-risk, intermediate-2 and intermediate-1 IPSS categories.

Endpoints: There were two primary endpoints in the controlled trial, overall
response rate (complete or partial) and time to progression to acute myeloid
leukemia or death. Secondary endpoints included survival, transfusion
requirements, overall response rate plus the rate of hematological improvement (a
lesser than partial response), quality of life measures, and cytogenetic response.
The primary endpoints in both Phase II studies were best hematological response
(defined as complete remission, partial remission, improvement, stable disease,



relapse, or progression), transfusion requ1rements and changes in performance
status.

Endpoint issues:

* The sponsor initially proposed overall response rate as the primary endpoint
for the controlled trial, while the Agency suggested time to progression to
AML or death. Both became co-primary endpoints. The possibility of
achieving a statistically significant delay in time to progression to AML or
death with decitabine treatment was suggested by the CALGB 9221 trial in
which MDS patients were treated with azacitidine, an agent with a similar
mechanism of action. A later statistical analysis of this trial by the Agency
concluded that such a delay was not demonstrated. Thus, there is so far no
evidence that any agent is effective in prolonging the time to progression to
AML or death in MDS patients.

* The definitions of overall response rates differ between the pivotal controlled
trial and the Phase II studies, as criteria for response rates changed with
publications by international working groups. The main difference is that a
complete or partial response by the later criteria needs to be maintained for at
least 8 weeks, while the earlier criteria have no such requirement.

Efficacy Conclusions:
(Please see Executive Summary 1. 1 The conclusions below were based on
data as submitted).

* Patients treated with decitabine had an overall response rate of about 17% (in
ITT population) as compared to no responses in the supportive care patients.
This difference was statistically significant (p < 0.001). Decitabine-treated
patients in the single-arm studies had overall response rates of 24% and 26%
(ITT populations).

e Time to progression to AML or death was not swmﬁcantly different in
decitabine-treated patients from that in supportive care patients (p=0.160).

¢ The clinical benefit of decitabine-induced responses was normalization of
blood counts and bone marrow blast percentages and elimination of the need
for transfusions in patients who were transfusion-dependent at baseline.

® The responses were long-lasting. The median durations of responses were 266
days, 146 days, and 250 days in the controlled trial D-0007, PCH 97-19 study,
and PCH 95-11 study, respectively. The median time to response in the
conirolled trial was 89 days. '

¢ Subgroup analyses revealed: v

o Patients with MDS of all FAB subtypes and IPSS classifications had
approximately similar response rates.

o Patients of all age ranges had similar response rates.

o Female patients had twice the response rates of male patients in two of
the studies, and about the same response rate as male patients in the
third study. This reviewer, in light of similar response rates in female




and male MDS patients in the azacitidine trials, is not convinced that
there is gender difference in response rate to decitabine.

Response rates were not analyzed by race/ethnicity, because more than
90% of the subjects were White.

Responses occurred in patients with or without prior therapy for MDS
and in patients with de novo and with secondary MDS, although there
were too few patients with secondary MDS or with prior therapy for
MDS to make comparisons of response rates.

e Analyses of secondary endpoints revealed:

(o]
O

Decitabine treatment had no effect on overall survival.

Decitabine treatment resulted in decreased RBC and platelet
transfusion requirements in transfusion-dependent patients, and
decreased the risk of patients becoming transfusion-dependent.

Febrile neutropenia occurred more frequently in decitabine-treated
patients than in supportive care patients. :
Hematological Improvement rates (Complete Response plus Partial
Response plus Hematological Improvement) were higher in
decitabine-treated patients than in supportive group patients.

In Quality of Life analyses, decitabine-treated patients had statistically
superior global health status, dyspnea and fatigue.

About 19% (9/48 patients with clonal abnormalities at baseline) had a
major cytogenetic response (no abnormality) and 2% (1/48) had a
minor cytogenetic response (= 50% reduction in abnormal metaphases)
in the decitabine treatment arm. About one-half (8/15) of ‘patients who
had a CR or PR had a major cytogenetic response. About 6% (2/33) of
patients in the supportive care arm had a major cytogenetic response.

Dosage regimen is appropriate, since controlled trial patients received 97% of the
prescribed dose. Delays of treatment and dose reductions in subsequent cycles
occurred in about one-third of patients.

Role in armamentarium: The efficacy of decitabine in MDS is similar to that of

azacitidine as measured by response rate.

1.3.3 Safety

(Please see Executive Summary 1.1. The conclusions below were based on

data as submitted).

e A total of 240 patients with MDS received decitabine at the same dose as
specified in the NDA in the three primary studies. Decitabine was
administered in cycles of 6 weeks, and the median number of cycles was 3,
with some patients receiving up to 9 cycles.

e There were no deaths that were attributed to DAC toxicity, although
thrombocytopenia aggravated by DAC treatment may have contributed to
bleeding, including intracerebral hemorrhage. The number of deaths was
greater in the supportive care arm than in the DAC treatment arm during the



study period; however, the total number of deaths during the total observation
period was about the same in both arms. Disease progression to AML and
infection were the most common causes of death in both arms.

e Hematological adverse events (neutropenia, febrile neutropenia,
thrombocytopenia, anemia and leukopenia) were prominently more common
in the decitabine arm than in supportive care arm. Hematological adverse
events did not decrease with successive cycles unless the patient had a
response. Gastrointestinal disorders (nausea, constipation, diarrhea, vomiting,
abdominal pain, stomatitis, dyspepsia and ascites) were more common in the
decitabine arm than in the supportive care arm. They decreased after the first
two cycles of decitabine therapy with appropriate medications. Fever,
bacterial and fungal infections, painful joints or muscles, backaches, chest
wall discomfort, headache, insomnia, confusional state, ecchymoses, pallor,
erythemas, alopecias and skin disorders were also more common in the
decitabine arm than in the supportive care arm. There-were no greater than

_grade 2 hepatic or renal function abnormalities. Vital signs reflected general
clinical condition rather than MDS or decitabine therapy.

e Adverse events (thrombocytopenia, lymphadenopathy, neutropenia,
pneumonia, M. avium infection, cardiac arrest, and elevated liver function
tests) led to discontinuation of decitabine therapy in 10% of patients, and of
withdrawal from the supportive care arm in 2% of patients (because of COPD
and of dyspnea). About 19% of patients had dose delays, about 5% of patients
had dose reduction, and about 11% of patients had dose reduction and dose
delay. '

e There are no safety data on pregnant or lactating women (who were excluded
from enrollment), or on infants and children (MDS is very rare in childhood)
in this submission. '

e Overdose data is available from older studies in which patients were treated
with several-fold higher decitabine dosages. The main toxicity was
hematological.

e The most common adverse events due to decitabine overlap those of MDS,
making attribution and safety evaluation difficult. Decitabine therapy is
effective in eliminating or reducing transfusion dependence, and the adverse
events appear to be tolerable for the achievement of this goal.

Medical Team Leader’s Review

The Medical Team Leader Review by Ann Farrell, M.D. was completed on August 25,
2005. The review summarized the safety and efficacy data from the clinical trials and the
following results of the DSI inspection:

The DSI audited the 2 sites that accrued the most patients to the major trial. These
sites were: - ~and
- : . When the
inspectors chécked the source documentation with the case report forms (CRFs)
and data listings (DL), they uncovered multiple instances where patients’ data




were inconsistent. At the , 34 patients were enrolled in the study.
Of those 34 enrolled patients, 12 patient records were inspected. Of those 12
patient records, 6 (50%) had inconsistent data. For some patients, the source
document said that the patient had a transfusion and the CRF or data listings did
not and for other patients, the source documentation stated that the patient did not
have a transfusion and the CRFs and data listings did. At the -——7F——

. site, similar observations were found although the frequency appeared
less. Since the primary endpoint encompassed data on transfusions and the
demonstration of decitabine’s proposed clinical benefit was the elimination of
transfusions, the transfusion data appears too unreliable to be used for an approval
decision.

Dr. Farrell’s summary, conclusions and recommendations are quoted below:

This reviewer recommends that the application not be approved because of the
problems uncovered during the Division of Scientific Investigations (DSI) site
inspections. The DSI inspections discovered that discrepancies between source
documents, Case Report Forms (CRFs), and Data Listings concerning
transfusions. Transfusion data is crucial for assessment of response as well as
clinical benefit in this application. Therefore, the lack of reliability of the
transfusion data for the main phase 3 trial renders the study results
uninterpretable. ..

As stated above, the transfusion data appears too unreliable to be used for an
approval decision. This team leader recommends the following options:

1) The sponsor could recollect all transfusion data from source documentation and
based on that data recollection submit an amendment to the current NDA revising
the endpoints, study report/results, CRFs, data listings, and data sets as necessary.
Following the resubmission, DSI would again inspect sites, possibly increasing

the number of sites inspected. ' »

2) The sponsor could submit the study report and results from the EORTC 0601 1
Phase III randomized trial of intravenous low-dose decitabine versus supportive
care in elderly patients with primary MDS, secondary MDS or Chronic
Myelomonocytic Leukemia (CMML) who are not eligible for intensive therapy
when the study is completed.

Division of Scientific Investigations Clinical Inspection Silmmary

The Division of Scientific Inspections’ Clinical Inspection Summary was completed on
July 28, 2005. Two of the sites that accrued the most patients to study D-007 were
inspected:



CI Name City. State Site Number | Inspection Date Conducted Classification
under IND?
Hussain Saba. M.D. Tampa. FL 1006 5/4-5/20/05 Yes VAI
John DiPersio. M.D. | St. Louis. MO 1003 3/25-6/10:05 Yes VAl

DST’s overall assessment of findings and general recommendations are provided below:

Based on the observations described above, the data collected by Dr. Saba and
DiPersio are unreliable. Transfusion documentation at both sites was inadequate
and inaccurate. CBCs and bone marrow assessments, tests that monitor bone
marrow response, were not performed as the protocol required. Five subjects at Dr.
DiPersio’s site were enrolled into the study but met exclusion criteria. Finally, the
stability of some administered decitabine infusions is questionable because there
is no documentation or the documentation indicates that the duration of the
infusions was longer than decitabine’s determined stability.

Statistical Review

The Statistical Review was completed by Kun He on July 29, 2005. The review focused
on the randomized trial, study D-007. The summary and conclusions are quoted below:

5.1 Statistical Issues and Colle‘ctive Evidence

Study D-007 shbws that the Overall Response Rate (CR + PR) in Dacogen was
17% (15/ 89) vs. 0% in Supportive Care (p = 0.001). The median Time to AML or
Death was 340 days in the Dacogen arm and 219 days in the Supportive Care arm
(p = 0.160). ' '

5.2 Conclusions and Recommendations

The data and analyses from the current submission showed that the Fisher’s exact
test for the Overall Response Rate was significant in favor of Dacogen compared
to Supportive Care, although the log-rank test for the Time to AML or Death was
not significant. According to the protocol, the primary analyses support that
Dacogen was more effective than Supportive Care for patients with
Myelodysplastic Syndromes (MDS) with respect to the Overall Response Rate.

Clinical Pharmacology and Biopharmaceutics

The Clinical Pharmacology and Biopharmaceutics Review was completed by Roshni
Ramchandani, Ph.D. on August 1, 2005. The review recommended changes to the
CLINICAL PHARMACOLOGY and PRECAUTIONS sections of the package insert. In
addition, the review recommended the following Phase 4 commitments:



1. We recommend that you conduct a mass balance study to assess renal and non-
renal pathways of elimination of decitabine and we recommend that you screen
any major metabolites in vitro for pharmacological activity to determine if there
any need for any organ impairment studies.

Rationale: Very limited data is available on the pharmacokinetics of decitabine.
The exact metabolic fate and pathways of elimination of decitabine are unknown.
This information is critical in determining if decitabine can be used in patients
with renal and/or hepatic impairment and if dosing adjustments would be needed
for the safe use of decitabine in these patients.

2. We recommend that you conduct exposure-response analyses for measures of
toxicity and effectiveness in ongoing and future clinical studies. You should
consider assessing intracellular levels of drug and active metabolites as measures
of exposure in the exposure-response analysis. These analyses may help enable
the determination of optimal dosing regimens for MDS as well as for other
indications.

Rationale: The optimal dosing regimen for decitabine in MDS is not known. Only
one dosing regimen of decitabine was evaluated in the current submission. The
exposure-response relationship for decitabine has not been elaborated.
Characterization of the exposure-response relationship for decitabine can help in
optimization of dosing regimens for MDS as well as for other future indications.

3. We suggest that you plan to evaluate the ex vivo DNA methyl transferase
(DNMT) inhibition following decitabine, as a measure of its pharmacological
activity, and if DNMT inhibition is correlated with exposure and with response
rates in ongoing and future studies. '

. OR

We suggest that you plan to evaluate the ex vivo DNA methyl transferase
(DNMT) inhibition following decitabine, as a measure of its pharmacological
activity, and also evaluate if DNMT inhibition is a predictor of response to
decitabine in ongoing and future studies.

Rationale: In vitro data indicates that decitabine inhibits DNMT, and studies have
. shown that hypomethylation of DNA restores expression of tumor suppressor
genes and induces cell differentiation. Examination of the ex vivo DNMT.
inhibition in ongoing and future clinical studies of decitabine would be important
in improving the understanding of the PK-PD relationship for decitabine. Further,
understanding the correlation of exposure of decitabine and/or its active
metabolites to DNMT inhibition and how that links to clinical response rates
would be important in predicting exposures associated with optimal clinical
response rates and might help to identify responders and non- responders to
treatment.



4. We suggest that you expldre the effect of cytidine deaminase polymorphisms
on the exposure-response relationships for measures of effectiveness and toxicity,
as part of ongoing and future studies of decitabine.

Rationale: Single nucleotide polymorphisms in the gene for cytidine deaminase
(HDCA) have been shown to be associated with Ara-C (an analog of decitabine)
toxicity in a Japanese study (Yue et al., 2003). In this study three different
polymorphisms (A79C, G208A and T435C) were identified in the coding region of
the HDCA gene and displayed allelic frequencies of 20.1%, 4.3% and 70.1%,
respectively. One of the polymorphisms, G208A produced an alanine to threonine
substitution (A70T) within the catalytic domain and showed that patients with the
polymorphism showed greater sensitivity to Ara- C treatment than those without
the polymorphism. The occurrence of these polymorphisms and their role in the
exposure-response and exposure-toxicity relationships for decitabine needs to be
evaluated to further optimize treatment strategies in patients.

Additional Recommendations for the Applicant:

1. We recommend that you conduct in vitro studies to determine the CYP450
inhibition and induction potential of decitabine. Depending on the results, drug-
drug interaction studies may be necessary. We also recommend that you conduct
in vitro studies to evaluate if decitabine is a substrate of p-glycoproteins and its
inhibition potential for p-glycoproteins.

Pharmacology/Toxicology Review

The Pharmacology/Toxicology Review was completed by Anwar Goheer, Ph.D. on June
22,2005. The review concluded that the “Product is approvable from
pharmacology/toxicology point of view. There are no outstanding issues.”

Chemistry, Manufacturing and Controls Review

The first CMC review by Dr. Josephine Jee was completed on July 14, 2005. The review
recommended the following:

This application is approvable from the standpoint of Chemistry, Manufacturing
and Controls (CMC). A number of deficiencies related to the drug substance and
drug product have been identified and conveyed to the applicant to address. In
addition, pending microbiological issues are yet to be satisfactorily addressed.

The applicant has provided a response to these deficiencies which is under review. On
August 26, 2005 the Chemistry Team Leader, Dr. Chidambaram, stated that the applicant
has responded adequately to all of the deficiencies. However, he stated that there may be
a new deficiency regarding the proposed method of inspection of the drug product for
particulates. He expects the review to be finalized on August 29, 2005.



The facilities inspections (EER) were found to be acceptable.

Microbiology Review

The first Product Quality Microbiology Review by Janet Barletta, Ph.D., dated May 5,

- 2005, stated that the application was approvable pending revision. The def iciencies were
communicated to the applicant. The applicant responded to the deficiencies on June 1
and 13, 2005. The second microbiology review of July 15, 2005, concluded that the
responses were acceptable and recommended approval based on microbiological product
quality.

Consultation from the Division of Medication Errors and Technical Support

The proprietary name review by DMETS/ODS was completed on June 22, 2005.
DMETS had no objections to the use of the proprietary name, Dacogen, provided
recommendations for label and labeling revisions, and found the name to be acceptable
from a promotional perspective.

Consultation from the Division Drug Marketing, Advertisement, and Communications

On July 14, 2005, DDMAC provided a number of comments on the draft labeling for
consideration during the labeling negotiations.

Conclusions and Recommendations

1. 1 concur that the DSI inspections have raised significant concerns about the
quality of the data, particularly regarding the response and transfusion endpoints.
Questions concerning the reliability of the data at both of the sites that were
inspected suggest that the monitoring of the study may not have been adequate.
The applicant needs to verify the data at all study sites and submit a report.
Depending on the findings, the applicant may need to re-do the analyses and
revise the study report. To ensure data integrity, DSI will need to re-inspect the

sites, and inspect several

additional sites. Of the two p0551b]e actions (non approval vs. approvable), I

concur that an approvable action is the most appropriate. The applicant verified

the data at study D-0007 sites 1003 and 1006 and submitted a Data Verification

Report dated August 24, 2005. While this report has not yet been reviewed, the

report states that no objective responses had to be reclassified and that impact on

response duration was minimal. In addition, the applicant is sponsoring study

EORTC 06011, a Phase III randomized trial of intravenous low-dose decitabine

versus supportive care in elderly patients with primary MDS, secondary MDS or

Chronic Myelomonocytic Leukemia (CMML) who are not eligible for intensive

therapy. If positive, the resu]ts of this study could be submitted in support of the

application.
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. I'concur with the clinical phase 4 commitment to submit the resuits of study
EORTC 06011.

. I concur with the Clinical Pharmacology and Biopharmaceutics phase 4
commitments.

. The DMETS comments on the labeling do not appear to have been sent to the
applicant. These should be communicated to the applicant but do not need to be
included in the action letter.

Since the clinical results may change, labeling negotiations should be deferred
until the applicant submits a complete response to the approvable letter.

{see appended electronic signature page)

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

Acting Director

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

Appears This Way
On Original
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Division of Oncology Drug Products

Medical Team Leader's Review

NDA: 21790
Sponsor: SuperGen Pharmaceuticals
Drug Product: Decitabine, Dacogen™

Projected Action Date: August 29, 2005

Summary

On October 24, 2004, SuperGen Inc. submitted this New Drug Application (NDA)
for decitabine, a new molecular entity, for the treatment of myelodysplastic

syndrome (MDS) for approval. This application contains 2 open-label, single arm
phase 2 studies in MDS and 1 randomized, multicenter, open-label phase 3 trial.

This reviewer recommends that the application not be approved because of the
problems uncovered during the Division of Scientific Investigations (DSI) site.
inspections. The DSI inspections discovered that discrepancies between source
documents, Case Report Forms (CRFs), and Data Listings concerning
transfusions. Transfusion data is crucial for assessment of response as well as
clinical benefit in this application. Therefore, the lack of reliability of the
transfusion data for the main phase 3 trial renders the study results
uninterpretable.

Background:

MDS .
At the present time, myelodysplasia is an incurable and progressive disease with
an estimated 15,000 — 20,000 new cases diagnosed each year in the US. The
myelodysplastic syndromes (MDS), formerly called pre-leukemia or “smoldering”
leukemia, consist of a group of heterogeneous diseases characterized by
ineffective hematopoiesis leading to one or more peripheral cytopenias
(neutropenia, anemia, thrombocytopenia) and progressive bone marrow failure.
Although the disorder can be found in children as well as adults, the highest
prevalence occurs in those over 60 years of age.

Treatment for MDS ranges from supportive care to bone marrow transplantation.
Remissions do not occur without treatment. The only hope foracureisan
allogeneic bone marrow transplantation (AlloBMT). Few MDS patients are
eligible for an AlloBMT because of the age limitation of this procedure (i.e., less
than 65). Recently some older patients with MDS have been undergoing
nonmyeloablative therapy. Most patients receive supportive care which may



include cytokine therapy (erythropoietin, granulocyte-colony stimulating factor,
granulocyte-macrophage colony stimulating factor), red blood cell and platelet
transfusions, and prophylactic antibiotics. The only approved therapy for MDS is
Vidaza (azacitadine), a chemical entity similar in structure to decitabine. Patients
whose disease responded to Vidaza experienced clinical benefit such as
elimination of the need for red biood cell transfusions.

Regulatory History

SuperGen Inc. acquired decitabine from in 1999. Pharmachemie had started
~ development of decitabine under IND 33929.

Since 2001, SuperGen has had several meetings with the division to discuss the
major trial submitted for this application, d-0007. The major trial, d-0007 enrolled
its first patient in July 2001 and completed enrollment in January 2004.

The division granted decitabine Fast Track status based on interim results from
the first 45 patients. '

On October 24, 2004, SuperGen Inc. filed the NDA.

For additional details, please see Dr. Kaminskas’ review.

Chemistry:

Dacogen™ (decitabine) for Injection contains decitabine, an analogue of the
natural nucleoside 2’-deoxycytidine. Decitabine is a fine, white, crystalline
powder with the molecular weight of 228.21. Dacogen’s chemical name is 4-
amino-1-(2-deoxy-a-D-erythro-pentofuranosyl)- 1,3,5-triazin-2(1 H)-one.

Dacogen™ for Injection is supplied as a white to almost white sterile lyophilized
powder supplied in a clear colorless glass vial. Each 20 mL, single dose, glass
vial contains 50 mg decitabine, 68 mg Monobasic Potassium Phosphate
(Potassium Dihydrogen Phosphate) and 11.6 mg Sodium Hydroxide.

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



Microbiology:
The microbiology reviewer, Dr. Barletta, recommends approval.
Nonclinical Pharmacology and Toxicology Information:

Mechanism of Action

Dacogen is an inhibitor of DNA methyltransferease enzymes.' Decitabine is
believed to also promote differentiation and apoptosis.

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

Human Pharmacology:

The mean (+SD) maximum plasma concentration (Cmax) was 0.459 + 0.100
Mg/mL and mean area under the concentration-time curve (AUCO-[11) was
estimated to be 408+88 ngeh/mL. For the sponsor’s study report, “In patients with
advanced solid tumors after 72-hour infusions at 20 (n=7), 25 (n=6), or 30

(n=4) mg/m2/day AUC of decitabine was 543 + 158, 743 + 95.0, and 743 + 124
ng h/mL, respectively.”

Decitabine has a plasma protein binding which is negligible (<1%).

The major elimination of decitabine is by cytidine deaminase. In vitro testing has
suggested that decitabine is not a substrate for human liver P450 enzymes.
Urinary excretion of unchanged decitabien is less than 1% of the total dose.

The application lacked some information on the clinical pharmacology of
decitabine. The Office of Clinical Pharmacology and Blopharmaceutlcs (OCPB)
identified the following issues of concern:

The influence of age, gender, race and organ dysfunction on the
pharmacokinetics of decitabine has not been evaluated. Potential interactions
with drugs, which are substrates, inhibitors, or inducers of the cytochrome
enzymes, have not been evaluated.

Office of Clinical Pharmacoloqy and Biopharmaceutics Phase 4 Commitments

The following recommendations are from their review: v
1. We recommend that you conduct a mass balance study to assess renal
and non-renal pathways of elimination of decitabine and we recommend



that you screen any major metabolites in vitro for pharmacological activity
to determine if there any need for any organ impairment studies.

2. We recommend that you conduct exposure-response analyses for
measures of toxicity and effectiveness in ongoing and future clinical
studies. You should consider assessing intracellular levels of drug and
active metabolites as measures of exposure in the exposure-response
analysis. These analyses may help enable the determination of optimal
dosing regimens for MDS as well as for other indications.

3. We suggest that you plan to evaluate the ex vivo DNA methyl transferase
(DNMT) inhibition following decitabine, as a measure of its
pharmacological activity, and if DNMT inhibition is correlated with
exposure and with response rates in ongoing and future studies.

5. We recommend that you conduct in vitro studies to determine CYP450

inhibition.

Clinical Studies Summary:

The tables below show the studies submitted for review. All studies were open-
label. The studies below which are bolded are the main ones reviewed in this -

application.

Table of Decitabine Studies (Adult)

Study Study Design Objectives | Patient Dose escalation range
Identifier Population and regimen
PCH- 88- | Multicenter, single | Dose Untreated or AML 30-170mg/m” over 4 hrs
01 agent, dose determination refractory thrice daily for 3 days, every 4
ranging for AML and patients with weeks
MDS 25 AML or 8 MDS 15-60mg/m? over 4hrs
-1 MDS (also thrice daily for 3 days, every 4
enrolled CML) | weeks
PCH 91- Multicenter, single | Response rate 21 MDS - Continuous infusion
01 agent ' patients 500mg/m?/d for 3 days, every
5-6 weeks :
PCH 91- Multicenter, single | Response rate 48 MDS Continuous infusion
02 agent patients 500mg/m?/d for 3 days, every
: 5-6 weeks
PCH 95- Single center, Compassionate | 8 MDS patients | Continuous infusion
04 single agent use 500mg/m?d for 3 days, every
5-6 weeks
PCH 95- Single center, Response rate 14 MDS MDS 15 mg/m*® over 4 hrs
05 single agent patients thrice daily for 3 days, every




28 days

PCH 95- Multicenter, single | Response rate 66 MDS MDS 15 mg/m” over 4 hrs
11 agent patients thrice daily for 3 days, every 6
weeks
PCH 97- Multicenter, single | Compassionate | 98 MDS MDS 15 mg/m” over 4 hrs
19 agent use patients thrice daily for 3 days, every 6
weeks
D-0007 Multicenter, Response rate MDS patients MDS 15 mg/m” over 3 hrs
randomized, comparison with thrice daily for 3 days, every 6
controlled trial supportive care weeks

Reviewer's Table

There are other completed studies of the use of decitabine in pediatric .
malignancy. These studies were not submitted and are not the focus of the

application.

The sponsor also has an ongoing EORTC study, EORTC 06011 Phase i
randomized trial of intravenous low-dose decitabine versus supportive care in
elderly patients with primary MDS, secondary MDS or Chronic Myelomonocytic

Leukemia (CMML) who are not eligible for intensive therapy.

Uncontrolled Phase li Clinical Studies:

Study Design

Two phase 2 studies were submitted. Both studies (95-11 and 97-19) were
“international, single arm, fixed regimen, multicenter studies which enrolled
patients with primary or secondary MDS patients of all five FAB subtypes.

Both studies used a similar DAC dosage regimen (15 mg/m? infused IV over 4
hours every 8 hours for 3 consecutive days of a 6-week cycle). A minimum of two
courses and a maximum of 6 courses could be administered, although a few
patients received eight. Patients who achieved CR, PR or stable disease (SD)
after two courses received two additional courses. Patients who relapsed or
progressed were taken off the study.

In both phase Il studies, the primary endpoints were: best hematological
response, duration of response, and overall survival.

Results

For details on enrollment criteria and demographics for these studies, please see
Dr. Kaminskas’ review. The response rate (CR + PR) ranged from 24-26% for
both studies. In PCH 95-11 the median duration of CR + PR was 250 days, and
the mean duration was 263+21.3 (SD) days. In PCH 97-19 the median duration




of CR + PR was 146 days, and the mean duration was 148+25 (SD) days. In
PCH 95-11 the median survival was 401 days. In PCH 97-19 the median survival
was 468 days. .

Phase 3 trial

The sponsor submitted the results from one large, open-label, randomized,
phase 3 trial of decitabine versus supportive care in adults with advanced stage
International Prognostic Scoring System (IPSS) classification: Int-1, Int-2, and
High risk) myelodysplastic syndrome, D-0007. Randomization was stratified by
study center, IPSS classification and type of MDS (i.e., de novo vs. secondary).
Both treatment groups received standard medical care/supportive care

for MDS which included use of PRBCs and/or platelets; prophylactic antibiotics;
colony-stimulating factors; erythropoietin and thrombopoietin; and
hospitalization). In addition, patients in the Dacogen arm received Dacogen
Injection as nine 15 mg/m?, three-hour infusions over three days per cycle.

The trial had two primary endpoints: overall response rate (complete or partial)
according to the International Working Group (IWG) criteria and time to
progression to acute myeloid leukemia or death. The Response criteria
encompass the need for transfusion. Secondary endpoints included survival,
transfusion requirements, overall response rate plus the rate of hematological
improvement (a lesser than partial response), quality of life measures, and
cytogenetic response.

Demographics were well-balanced for gender, age, race, IPSS subgroups, FAB
classifications, mean time from diagnosis, and prior MDS therapy. Median age
for the trial was 70 years with a range of 62-76 years. Sixty eight percent of
patients enrolled were males and thirty-two percent were females. Approximately
87% of the patients had de novo and 13% secondary MDS. Twenty-seven
percent had prior MDS therapy. Thirty-one percent of patients had Intermediate-1
IPSS, forty-four percent had Intermediate-2 IPSS, and twenty-six percent had
High Risk IPSS. Ten patients (12.3%) in the supportive care arm received some
form of erythropoietin and five patients (5.6%) in the Dacogen arm during the
trial.

The sponsor reported that patients treated with decitabine had an overall
response rate of about 17% (in ITT population) as compared to no responses in
the supportive care patients. This difference was statistically significant (p <
0.001). Decitabine-treated patients in the single-arm studies had overall
response rates of 24% and 26% (ITT populations). The sponsor also reported
that time to progression to AML or death was not significantly different in
decitabine-treated patients from that in suppottive care patients (p=0.160).

Reviewer’'s Comment: Due to the findings of the DSI audit, this reviewer will not
delve further into the data and any claims regarding response rate, transfusions



For additional details, please see the Division of Scientific Investigations report.

Conclusions and Recommendations

As stated above, the transfusion data appears too unreliable to be used for an
approval decision. This team leader recommends the following options:

1) The sponsor could recollect all transfusion data from source
documentation and based on that data recollection submit an
amendment to the current NDA revising the endpoints, study
report/results, CRFs, data listings, and data sets as necessary.
Following the resubmission, DSI would again inspect sites, possibly
increasing the number of sites inspected.

2) The sponsor could submit the study report and results from the
EORTC 06011 Phase Ill randomized trial of intravenous low-dose
decitabine versus supportive care in elderly patients with-primary MDS,
secondary MDS or Chronic Myelomonocytic Leukemia (CMML) who
are not eligible for intensive therapy when the study is completed.
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