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1. Background and Overview.

Gemtuzumab Zogamicin (G-Z) is an antibody-targeted chemotherapy agent being developed to
demondrate efficacy in Acute Myeoid Leukemia (AML) patients at first relgpse. G-Z has 3
components: an antibody directed against CD33 antigen, a derivative of calicheamicin, and a
linker connecting the antibody and the calicheamicin derivative. The calicheamicin component is
acytotoxic derivative of the calicheamicin family of antitumor antibiotics. The CD33 antigenisa
cdl surface protein expressed by the leukemic cell populations of more than 80% of AML
patients. G-Z bindsto the CD33 antigen on the surface of leukemic cells and other cells
expressing CD33, and then the G-Z isinterndized. Once insde the cell, evidence suggests that
cdicheamicin is released from the antibody and is converted to areactive intermediate that
damages DNA, causing cdll desth.

In order to support labeling for the indication of treatment of patients at first relapse with AML,
the sponsor submitted an NDA comprising of one pivota Phase 1 trid (protocol 0903B1-201-
US) and two supporting Phase I1 trials (protocol 0903B1-202-EU and protocol 0903B1-203-
WW). All the three studies are open labd, non-comparative trids of G-Z with patients dosed
a asingle dose level of 9 mg Protein/n administered asa 2 hour |V, for up to 3 dose periods.
The sponsor’ s submission included the pooled analyss of the three Phase |l trids and individud
andyss of thethreetrids. This review will focus on the efficacy aspect of the Study.



2. Description of the Study:

The pivota study protocol 0903B1-201-US (heretofore referred as study 201), is an open
label, multidose, non comparative study with AML patientsin first relapse, enrolled at 11
investigational sitesin the United States and Canada. The study was started in 1997 and
continues to be open to date. The data cut off for this NDA submission was March 1999 and
59 patients were enrolled by this date.

The supportive study protocol 0903B1-202-EU (heretofore referred as study 202), is an open
label, sngle arm, multidose, multicenter outpatient sudy with AML patientsin first relapse,
enrolled in 17 investigationa Stesin Europe. The study isSmilar in design to the study 201
being conducted in United States. The study was started in April 1998 and continues to be
opento date. The data cut off for thisNDA submission was April 1999 and 25 patients were
enrolled by this date.

The second supportive study protocol 0903B1-203-WW (heretofore referred as study 203), is
an open labd, Sngle arm, multidose study carried out at 4 and 8 investigationd Stesin the
United States and Europe, respectively, in AML patientsin first relgpse, who are at least 60
yearsold. The study issmilar in design to the study 201. The study was started in December
1997 and continues to be open. The data cut off for this NDA submission was March 1999
and 20 patients were enrolled by this date.

Theindusion and excluson criteriawere amilar in dl the three dudies
21  Efficacy Endpoints
The primary efficacy endpoint was complete remisson per protocol, in dl the three studies.

A patient’ sremisson status was classfied as complete remisson (CR), morphologic remisson
(MR), or no remisson (NR). A patient was consdered to bein CR if the following conditions
were met: @) leukemic blasts were absent from the peripherd blood; b) the percentage of blasts
in the bone marrow was £ 5% as measured by morphology studies (aspirate or biopsy) with
neither aspirate nor biopsy exceeding 5%; ¢) peripherd blood reached the following levels:
hemoglobin (Hgb) 3 9 g/dL, platelets3 100,000/, absolute neutrophil count (ANC) 3
1500/m., and d) the patient was red-cell and platel et-transfusion independent. Red-cell
transfusion independence was defined as 2 weeks without red-cell transfusion; platelet
transfusion independence was defined as 1 week without platelet transfusion. An independent
consultant reviewed the morphology from the bone marrow samples to confirm the readings of
the loca |aboratory. When the readings of the independent consultant and the local Iaboratory
differed, the judgment of the independent consultant prevailed. The definition of MR wasthe
same as that of CR with the exception that platelet recovery was not required. No Remission
Petients were consdered to be in NR if they did not meet dl of the criteriafor CR or MR.
These patients were followed for response and adverse events. Patient response was first



evauated 28 days after the final dose of G-Z. A patient’s maximum response was used for the
andyss.

Other efficacy endpoints are: rates of MR and OR (overdl remisson = CR + MR), relapse-free
survivd, surviva, and landmark surviva. Totd relgose-free survivd is defined as the date of first
documentation of response to date of documentation of relapse (i.e., rel gpse date minus date of
documentation + 1). Totd survivd is defined as the date of first administration of the dose of G-
Z to date of degath (i.e, date of death minus date of first dose + 1). Petients who were till dive
on the date of data cut-off, were censored on that date. Landmark surviva is defined as the
date of first evaluation of remission (28 days after the final dose) to date of degth (i.e., date of
deeth minus date of first evauation + 1). Patients who were il dive on the date of data cut-
off, were censored on that date.

2.2  Efficacy AnalyssMethods

Since dl studies were open-label and without a control treatment group, the Satistica
andysesfor the individud protocols generdly conssted of summary datistics and interva
edimation. Only the sample sSze of Protocol 201 was large enough to provide meaningful
interva estimates. For each efficacy endpoint the data were summarized and confidence
intervals were calculated for each response group.

Time to event data were grgphicaly summarized by plotting Kaplan-Meer surviva
estimates and/or by scatter plots that differentiated censored and uncensored observations.
When the medians were estimable, 95% confidence intervas for the median surviva were
caculated by usng the method of Brookmeyer and Crowley.

The primary andlysis was conducted for the intent-to-treat population (i.e., al patients who
received at least one dose of G-Z) congsting of the patients who were enrolled on or before the
enrollment cut-off date of 31DEC98.

2.3  Study Design and Sample Size

The sample szesfor Protocols 201 and 203 were based on the Smon Two-Stage Design.

For Protocol 202 the originaly planned sample size (20) was based on the need to obtain
additiond safety data. To cdculate the required sample size the following assumptions were
made. The response probability of an ineffective drug (i.e., the uninteresting level) was chosen to
be 0.15, the response probability of an effective drug (i.e., the target level) was chosen to be
0.30, leved of sgnificance of 0.10, and power of 0.90. Based on these assumptions the sample
sze of thefirst sage was 23 and the sample Size required for the entire study was 55.
According to the Simon Two-Stage Design for this specific design, if 3 or fewer complete
remissons (CRs) were observed during the first stage of the study the trial would be hdted and
the drug would be declared asineffective. If the total number of CRs observed after completion
of the second stage was fewer than 12, further development of the drug would not proceed.



However, the study design was modified during the course of study by protocol amendment, so
that the study was not automaticaly hated even when after the first stage there were 3 or fewer
patients with complete remisson. By modifying the Smon 2-Stage Design, the type | error of
the origind Simon Two-Stage Design isinflated. This meansthat if therewere only 2 or 3 CRs
and thetria continues, the probability of receiving a“poor” drug, as defined by CR aone, is
greater than 0.10.

Furthermore, athough the total sample size of 55 patients is adequate to provide good estimates
of the primary endpoint, remission rate, and is Smilar to the sample size

requirements of the method of Gehan (1961), the protocols were amended to alow enrollment
to continue beyond the origindly planned number of patients. As of the date of cut off, sudy
201 had enrolled 59 patients. The amendment for study 201 did not specify the find tota
number of patients that will be enrolled into thisstudy. In study 202 where the enrollment was
initidly fixed at 20 patients to obtain additiona safety data, the sudy has been amended
(amendment V) to enrall up to 150 patients. Judtification for thisincreaseis not clear. Study
203 has d'so been amended to not to Stop at the first stage of design per Simon’ s design.
However, asin study 201, the total number of patients who will be enrolled into this study is not

specified.
24  Interim Analysis

For study 201, in accordance with the rules established by the Simon Two-Stage

Design, an interim andysis was performed after 23 patients had enrolled and completed

Part | of the study. Although the criterion for continuing beyond the first stage was not

met (i.e,, > 3 CRs), decison was made to continue the sudy through completion of the second
stage. To account for the interim evauation of the data, confidence intervas for the primary
endpoint, remission rates, were adjusted by using the method of Atkinson and Brown.

Aninterim analyssis aso planned for study 203, but not for sudy 202. However, it should be
noted that in fact, an interim analys's has been submitted for study 203 with 20 patients, before
reaching the end of first stage with 23 patients, per Simon’'s design.

2. Summary of Efficacy Results and Comments

21  Demographic and Other Baseline Characteristics

Age and duration of first remisson have been found to be important prognostic factors for
patientswith AML in first relgpse. These characteristics are summarized in Table 1 (Sponsor’'s

|ES Table 14). Other demographic characteristics for the pooled study (study 201 + study 202
+ study 203) are presented in Table 2 (Sponsor’s |IES Table 15).



Tablel: Patient Ageand Duration of First Remission

Study 201 Study 202 Study 203 Studies
(n=59) (n=25) (n=20) 201/202/203
Characteristic (n=104)
Age, years
Mean (SD) 52.7 (15.8) 57.4(12.1) 69.6 (6.6) 57.1(15.0)
Min—Max 22-81 30-79 60—84 2-84
Median 53.0 58.0 70.0 60.0
Duration of first
remission (before
G-Z), months
Mean (SD) 16.7 (14.7) 21.3(27.1) 8.9 (7.6)* 164 (17.9)
Min—Max 6—95 5-117 3-35 3-117
Median 126 11 6.7 112

*n = 19 because in one patient precise duration of remisson could not be calculated.

Table 2: Summary of Demographic and Baseline Characteristics

Characteristic Studies 201/202/203
(n=104)

Sex, n (%)

Women 44 (42)

Men 60 (58)
Ethnic Origin, n (%)

White 96 (92)

Black 4(4)

Asian 2(2

Other 2(2
Height (cm?)

M ean 170.2 (8.9)*

Min—Max 144.0-191.0

Median 170.1
Weight (kg)

Mean 78.2(16.5)

Min—Max 425-1437

Median 76.9
Body surface area (m°)

M ean 19(0.2)

Min—Max 13-27

Median 19

*n =102




3.2 Rates of Remission

The primary efficacy end point was complete remisson. Table 3 (sponsor’s IES Table 17)
givestherates of CR, MR, and OR (CR + MR), in the individua and pooled phase Il studies.

The rates of complete remission are between 15 —19% in dl the three studies.

Table 3: Number (%) of Patientsand 95% CIlsby Remission Category

Type of Remission Study 201* Study 202 Study 203 Studies
(n=59) (n=25) (n=20) 201/202/203
(n=104)
CR
No (%) of patients 11(19) 4(16) 3(15) 18(17)
95% Cls (10,31 (5, 36) (3,38 (11, 26)
MR
No (%) of patients 9(15) 4(16) 1(5) 14 (13)
95% Cls (7, 27) (5, 36) (0, 25) (8,22
OR (CR +MR)
No (%) of patients 20(34) 8(32) 4(20) 32(31)
95% Cls (22,47 (15, 54) (6, 44) (22,41)

*Datafrom 1 patient who had a bone marrow sample taken on day 20, rather than 28, was
aso included in the assessments.

Furthermore, for the purpose of approva of labeling of G-Z, a comparative table of remisson
rates of G-Z with conventiona combination therapies were presented as detailed in the
following Tables 4, 5a, and 5b (Sponsor’s |IES Tables 34 and 35). The data regarding
conventiona therapies were collected from a comprehensve search of the medicd literature and
selection of papers reporting sudies in patient populations with AML in first relgpse and with
prognogtic factors, and evaluation of data from severd ingtitution/cooperative group databases
on AML patientsin first relgpse. No datistical comparisons were made with the efficacy data,
as the data from this study is being compared to historical data

Table 4: Second CR Ratesin Randomized Phaselll Trialsand in G-Z Phasell Trials

I nstitution/Group Therapy Second CR Rate % Patients
(95% ClI)

German Cooperative Group HiDac versus IDAC + 47 (39-56)
(Kern et d, 1998) mitoxantrone
Southeastern Cancer Group HiDac + etopiside 45 (30-61)
(Vogler et a, 1994) Versus

HiDac 40 (26 -56)
Kohseisho Leukemia Group Cytarbine + mitoxantrone + 54 (33-74)
(Ohno et al, 1994) etopiside + filgrastim

Versus

Cytarabine + mitoxantrone + 42 (23-63)




etopiside

W-AR

G-Z

17 (11-26)*

G-Z

31(22-41)?

!CRrates; ?OR rates







Table5a: Number (%) of Patientswith Second Remission

Retrospective Reviewswith 3 100 patientsand G-Z Phase |l Clinical Trials

Duration of first CR Age

<1VYear 3 1Year <60Years 3 60 Years
Author, Ingtitution Total n n (%) 95% ClI n (%) 95% ClI n (%) 95% CI n (%) 95% CI
Rees 485 251(13) 8-18 234(48) 42-55 375(33) 26-38 110(19) 2-28
Medical Research Council
Keating 187 105(19) 12-28 82(62) 51-73 208* (36) 29-42 35(14) 5-30
MD Anderson**
Thalhammer 168 121(33) 25-42 47(55) 40-70 NA NA NA NA
Univ. of Vienna
Hiddlemann 136 87(46) 35-57 49(60) 44-73 104(54) 44-64 R(44) 26-62
German Coop. Group
Davis 126 NA (33) NA NA (49) NA NA (40) NA NA (40) NA
St. Bartholomew’s
G-Z 104 56 (14") 6-26 47 (21Y) 11-36 50(18) 9-31 54(17Y) 8-29
W -AR

56 (30 19-44 47 (32%) 19-47 50(34%) 21-49 54(28%) 16-42
* Subgroups by age include relgpsed and refractory AML patients;, ** MD Anderson cohort age stratified <65 and? 65

! CR Rates; 2 OR Rates.




Table5b: Number (%) of Patientswith Second Remission

Retr ospective Reviews with < 100 patientsand G-Z Phasell Clinical Trials

Duration of first CR

Age

<1Year

3 1Year

<60Years

3 60Years

Author, Ingtitution Total n n (%) 95% CI n (%) 95% CI n (%) 95% CI n (%) 95% CI
Angelov 51 22(32) 14-55 29(72) 53-87 35*(69) 51-83 20* (35) 15-59
Toronto Hospital

MacCallum 25 NA NA NA NA 19(63) 38-84 6(67) 22-9
St. Bartholomew’ s

Letendre 24 17 (29) 10-56 7(57) 18-90 20 (40) 19-64 4(25) 1-81
Mayo Clinic

Rassam 22 NA (54) NA NA (33) NA NA NA NA NA
UK Multicentre Group

G-Z 104 56 (14) 6-26 47 (21Y 11-36 50(18) 9-31 54 (17 8-29
W -AR

56(30) 19-44

47 (325 19-47

50(34%) 21-49

54(28°) 16-42

* Subgroups by age include rel gpsed and refractory AML patients,

! CR Rates; 2 OR Rates.
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The above complete remisson results suggest that G-Z isinferior to the existing/published
literature results. ThisNDA submission is not based on the primary efficacy parameter
complete remission, but based on the overdl remisson, under the assumption that the CR and
MR pdtients are clinicly amilar.

The sponsor’s have tried to establish that the CR and MR are smilar, by comparing the time to
remission, time to relgpse after remission (remission duration), surviva time, and landmark
survivd time. It must be noted that in the pooled data set of 104 patients treaeted with G-Z,
there are only 18 CRs and 14 MRs. These subgroup sizes are too smal to perform any
datistical comparisons to draw meaningful conclusons. For example, to detect a Sgnificant
difference between two groups in median time to event (example: relgpse or surviva) aslarge as
4 versus 8 months, with asignificance leve of 0.05 and power of 80%, at least 50 patients are
required in each of the two groups. Observed data are not sufficient to conclude that CR and
MR patients are Smilar.

3.3 Timeto Remission

The time to remission was between 1 and 3 months for the mgority of patients with

CRs and MRs. In the 3 pooled studies (201/202/203), the median time to remission was 54
daysfor patients with CRs and 57.5 days for patients with MRs. Table 6 (sponsor’s IES
supportive Table 3) provides the median number of days (Kaplan-Meer estimates) and 95%

Clsfor study 201 and the pooled studies.

Table6: Timeto Remission in Phase |l Studies, Median Number of Days and

95% Cls
Type of Remission Study 201* Study 202 Study 203 Studies
(n = 59) (n=25) (n = 20) 201/202/203
(n = 104)
CR n=11 n=4 n=3 n=18
Median, days 56.0 57.0 520 54.0
95% Cls (48, 69) (50, 67)
MR n=9 n=4 n=1 n=14
Median, days 51.0 64.0 84.0 575
95% Cls (44, 60) (51, 80)
OR (CR+MR) n=20 n=8 n=4 n=32
Median, days 53.5 60.5 67.0 56.5
95% Cls (48, 67) (50, 67)

34  RelapseFree Survival




Asof cutoff dates, 11/32 had relgpsed and the median tota relapse free days (Kaplan-Meier
estimate) was 267 days (8.75 months) in the overdl remisson group. In the CR group, 6/18
patients had rel gpsed and the median relapse free surviva was 216 days (7.1 months, lower
95% confidence bound 203 days). Inthe MR group, 5/14 patients had rel apsed and the
median had not been reached by the date of cut off (lower 95% confidence bound 67 days).

35 Survival

Asof the cutoff dates, 57 of the 104 patients in the 3 sudieshad died. Totd overal survivd
was eva uated using Kaplan-Meier estimates. For the 104 patientsin the 3 phase |l udies, the
median duration of tota overal survival was 226 days (7.5 months).  The median survivd in the
72 NRswas 120 days (95% Cl: 82, 162) and 52/72 were dead at the time of cut off date. In
the MR group, 4/14 had died and the median surviva had not been reached (lower 95%
confidence bound 294 days). In the CR group, 1/18 had died and the median surviva had not
been reached.

Furthermore, alandmark surviva (post-remisson surviva) andyssin the CR and MR groups
was conducted. In this NDA submission, observed median landmark surviva of the censored
observations (instead of the Kaplan-Meer estimates) are presented as. that the median number
of days of landmark surviva was greeter for MR patients (257.5 days) than for the CR patients
(153.0 days) (Sponsor’s IES report, item 10, page 71). These are mideading statistics and
these median values may not be used in labeling, as these median vaues do not account for
censoring of the observations. In fact, in a subsequent updated communication, dated Dec 21,
1999, sent by the sponsor to the agency, the median landmark surviva for CRs (Kaplan-Meier
estimate) is reported to be 379 days and the median in the MR’ s had not been reached as of
July 1999.

3.6 Multivariateanalysis

Exploratory analysis of potentid prognostic factors was performed using pooled data from al
104 patientsin the studies 201, 202 and 203. A total of 22 variables were examined. A
logigtic regression analysis was used for predicting response (OR versus NR), and a
proportiona hazard modd was used to evaluate predictors of landmark survivd. In both the
andyses, firg a univariate anayss was performed and then al results sgnificant at the 0.15 leve
were included in the multivariate model.  Because of missng vaues, these andyses were
conducted in a subset of these patients (76/104 patient data for logistic regression and 67/82
patient data for proportional hazards andlyss). The results of these andlyses are presented in
Table 7 (sponsor’ s IES Table 32). Due to the exploratory nature of this multivariate analys's,
the results should be cautioudy examined, and furthermore, these results should be confirmed by
prospective, randomized trids.



Table 7. Resultsof Multivariate Exploratory Analysisfor Prognostic Factors

Logistic Regression Analysis of OR versus NR

AnalysisVariable Wald Chi-square p-value Odds Ratio*
CD13 0.005 0.03
MDR Efflux 0.009 0.97
Hemoglobin 0.015 1.71
CD56 0.026 0.08

*For CD13 and CD56, the ratios are for positive basdine values versus negative basdine
vaues. For other basdine values, the odds ratios are per unit increase in that prognostic
varidble.

Landmark Survival Analysis

AnalysisVariable Wald Chi-square p-value Risk Ratio for death*
Quantitative CD33 expression 0.002 0.98
Duretion of Fird Remisson 0.013 0.92
Periphera blood blasts 0.029 4.2
CD34 0.035 2.75

*For CD34, theratio isfor pogtive basdine vaues versus negative basdine values. For other
basdline vaues, therisk ratios are per unit increase in that prognostic variable.

4. Conclusion

The primary efficacy parameter, complete remission was estimated to be 17% (95% Cl: 11,
26) in the three pooled phase 1 tridls of G-Z. The CR was estimated to be 21% (95% CI: 11,
36) in the subgroup of patients who had one or more years of duration of first remisson and
18% (95% ClI: 9, 31) in the subgroup of patients who were lessthan 60 yearsold. The
duration of second remission in the CR group is 7.1 months. The overdl remission defined as
the combined complete and morphologic remissions, was estimated to be 31% (95% CI: 22,
41).

With 18 CRsand 14 MRs, and 1 CR and 4 MR deaths, among the total 104 patients treated
with G-Z in the three pooled phase |1 trids, it is not possible to establish that these two
subgroups (CR and MR) are smilar or otherwise, in order to combine the two response groups
asonereponse group. Therefore, it is not established that G-Z isin par with conventiona
therapies with respect to remission rates.
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The observed median of censored observations (instead of Kaplan-Meler estimates of the
median) should not be used in labdling, asthisis not avaid datigtic.

Because of the open labeed, uncontrolled, non-randomized nature of the phase I trids
presented in thisNDA, no forma gatistica testing or comparisons could be conducted.
Therefore, any daims of ‘improved efficacy’ or ‘no sgnificant differences need to be cautioudy
examined. Thefind recommendation should be based on clinica judgement.
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