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1. EXECUTIVE SUMMARY

1.1 Conclusions and Recommendations

The results from the two studies submitted showed statistically significant results that
plerixafor reduced the number of aphereses sessions required to collect transplantable cell
dose and increased the percentage of patients able to undergo autologous HSC
transplantations. There were significant amount of protocol violations in both studies.
However, the violations are evenly distributed among the two study arms, and the results
from both studies are robust after removing the patients with major protocol violations.

Based on the data submitted, the study results support the claims in the primary endpoints
and key secondary endpoints. Whether the endpoint and the size of the effect on this
endpoint are adequate for approval is a clinical decision.

1.2 Brief Overview of Clinical Studies

Patients with malignant disease such as non-Hodgkin’s lymphoma (NHL), multiple
myeloma (MM), Hodgkin’s disease (HD), and other cancers including neuroblastoma,
may be treated with high-dose chemotherapy and requires reinfusion of haematopoietic
stem cell (HSCs) to repopulate the bone marrow and regenerate trilineage blood cells.

The HSCs can be autologous (from the patient) and allogeneic (from a donor). Overall, 5-
year-treatment-related mortality is around 5 to 8% for unpurged autologous
transplantation and 25 to 30% for allogeneic transplantation in adults. In the case of
autologous transplantation, the mortality is mainly related to the side effects of high-dose
chemotherapy. In the case of autologous transplantation, the use of peripheral blood as a
HSC source is preferred to bone marrow due to the ease of harvesting and less likelihood
of tumor cell contamination. In addition, transplantation with peripheral blood HSCs
leads to faster engraftment and reconstitution than with marrow infusion.

Plerixafor has primarily been investigated in conjunction with G-CSF as a first-line
mobilization therapy regimen, but has also been studied in poor mobilizer patients. The
proposed target population for plerixafor is adult patients with lymphoma or multiple
myeloma.

The applicant submitted results from 2 randomized, double-blind, placebo-controlled,
parallel-group, multicentre Phase III studies (3101 and 3102) in patients with lymphoma
and multiple myeloma.

Study 3101 compared G-CSF (10 pg/kg) plus plerixafor (240 pg/kg) versus G-CSF (10
ng/kg) plus placebo to mobilize and collect > 5 x 10° CD34+ cells/kg in Non-Hodgkin’s
Lymphoma patients for autologous transplantation. Total of 298 patients were
randomized to two treatment arms (150 to G-CSF+ plerixafor and 148 to G-CSF+
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placebo). Eligible patients were randomized in a 1:1 ratio, stratified by study center. The
fist patient was enrolled (randomized) on January 18, 2005, and the last patient’s last
100-day visit was April 3, 2007. The study is still ongoing. The original submission
includes data reported through the cut-off date of April 6, 2007. As of the cut-off date,
184 patients have had their 6 month visit and 104 patients have had their 12 month visit.
Additional follow-up data on engraftment were submitted in August 2008.

Study 3102 compared G-CSF (10 pg/kg) plus plerixafor (240 pg/kg) versus G-CSF (10
ng/kg) plus placebo to mobilize and collect > 6 x 10° CD34+ cells/kg in Multiple
Myeloma patients for autologous transplantation. Total of 302 patients were randomized
to two treatment arms (148 to G-CSF+ plerixafor and 154 to G-CSF+ placebo). Eligible
patients were randomized in a 1:1 ratio, stratified by study centre, platelet count (< 0.2 x
106/dL versus > 0.2 x 106/dL), and type of transplant planned (single or tandem). The fist
patient was enrolled (randomized) on February 4, 2005, and the last patient’s last 100-day
visit was February 15, 2007. The study is still ongoing. The original submission includes
data reported through the cut-off date of April 6, 2007. As of the cut-off date, 245
patients have had their 6 month visit and 130 patients have had their 12 month visit.
Additional follow-up data on engraftment were submitted in August 2008.

1.3 Statistical Issues and Findings

This submission is to support the efficacy and safety claims of plerixafor to patients with
lymphoma and multiple myeloma to enhance the mobilization of hematopoietic stem
cells (HSCs) to the peripheral blood for collection and subsequent autologous
transplantation. The determination of the efficacy is based on results from two Phase III
studies 3101 and 3102.

Both studies are randomized, double-blind, placebo-controlled, parallel-group, multi-
center Phase III studies. Patients are randomized in a 1:1 ratio to the treatment arm or the
control arm.

Study 3101 is designed to investigate the outcome of NHL patients, with the primary
endpoint being difference of proportion of patients achieving > 5 x 10° CD34+ cells/kg in
4 or fewer days of apheresis. Secondary endpoints include: 1) difference of proportion of
patients achieving > 2 x 10® CD34+ cells/kg in 4 or fewer days of apheresis; 2) Number
of apheresis days required to achieve > 5 x 10° CD34+ cells/kg; 3) Time to neutrophil
engraftment; 4) Time to platelet engraftment; and 5) engraftment at 100 days, 6 months,
and 12 months.

Study 3102 is designed to investigate the outcome of multiple lymphoma patients, with
the primary endpoint being difference of proportion of patients achieving > 6 x 10°
CD34+ cells/kg in 2 or fewer days of apheresis. Secondary endpoints include: 1)
difference of proportion of patients achieving > 6 x 10° CD34+ cells/kg in 4 or fewer
days of apheresis; 2) difference of proportion of patients achieving > 2 x 10° CD34+
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cells/kg in 4 or fewer days of apheresis 3) Number of apheresis days required to achieve
> 6 x 10° CD34+ cells/kg; 4) Time to neutrophil engraftment; 5) Time to platelet
engraftment; and 6) engraftment at 100 days, 6 months, and 12 months.

Statistical Issues:

There were significant amount of protocol violations in both the studies. However, the
violations are evenly distributed among the two study arms, and the results from both
studies are robust after removing the patients with major protocol violations.

Statistical Findings:

In study 3101, total of 298 primary ITT patients were randomized in 32 centers in the
United States. Among them, 89 (59%) patients randomized to G-CSF/plerixafor met the
primary efficacy endpoint of mobilization of > 5 x 10® CD34+ cells/kg within 4 apheresis
days, compared to 29 (20%) patients randomized to G-CSF/placebo (p < 0.001). Results
for the secondary endpoints also showed statistically significant outcomes in favor of the
treatment arm. Details of the results for secondary outcomes can be found in Section 3.1.

Table 1. Study 3101 Primary Endpoint
Mobilization of > 5 x 106 CD34+ cells/kg within 4 days

G-CSF/plerixafor | G-CSF/placebo
CD34™ cells mobilized (n =150) (n =148)
>5x 106/kg 89 (59%) 29 (20%)
<5x 106/kg 61 (41%) 119 (80%)
Difference (95% CI) 39.7% (29.6, 49.9)
Pearson’s chi-square P <0.001

In study 3102, total of 302 primary ITT patients were randomized to 40 centers in the
United States, Canada and Germany. Among them, 106 (72%) patients randomized to G-
CSF/plerixafor met the primary efficacy endpoint of mobilization of > 6 x 10° CD34+
cells’kg within 2 apheresis days, compared to 53 (34%) patients randomized to G-
CSF/placebo (p < 0.001). Results for the secondary endpoints also showed statistically
significant outcomes in favor of the treatment arm. Details of the results for secondary
outcomes can be found in Section 3.1.
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Table 2. Study 3102 Primary Endpoint
Mobilization of > 6 x 10° CD34+ cells/kg within 2 days

G-CSF/plerixafor

G-CSF/placebo

CD34™ cells mobilized (n=148) (n=154)
>6x 109/kg 106 (72%) 53 (34%)
<6x 100/kg 42 (28%) 101 (66%)

Estimated treatment effect (95% CI)

37.2% (26.7, 47.7)

Pearson’s chi-square P

< 0.001

[ Appears This Way On Original ]

6 of 37
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2.  INTRODUCTION

2.1 Overview

Since the 1980s, autologous transplantation of peripheral blood (PB) HSCT has became a
widely used strategy for haematologic and immunologic recovery following high-dose
chemotherapy for haematologic malignancies such as MM, NHL, HD, and other cancers,
including neuroblastom. Approximately 80% of autologous transplants are for the
indications of MM (34%), NHL (33%), and HD (12%).

2.1.1 Indication

The indication statement for which marketing approval is being sought is: “Mozobil™
(plerixafor injection) is indicated to enhance mobilization of haematopoietic stem cells
(HSCs) to the peripheral blood for collection and subsequent autologous transplantation
in patients with lymphoma and multiple myeloma (MM).”

2.1.2 History of Drug Development

Plerixafor is a small molecule inhibitor of the chemokine receptor CXCR4. It was
originally studied as an agent for the treatment of patients infected with human
immunodeficiency virus (HIV) since some strains of HIV require CXCR4 as a co-
receptor for cell entry. Rapid and reversible leukocytosis was noted in human volunteers
and in HIV patients treated with plerixafor in initial clinical trials. Rapid leukocytosis
was confirmed and associated with an increase of peripheral blood CD34+ cells in
healthy volunteers participating in a subsequent clinical trial.

Following these findings, Phase 1 studies were conducted in healthy volunteers and
oncology patients, which confirmed that administration of plerixafor resulted in
significant increases of circulating CD34+ cells. Furthermore, the results of Study
AMD3100-2101, the proof-of-principle, Phase 2, cross-over study in patients with MM
or NHL demonstrated that the combination of plerixafor and G-CSF was a superior
mobilizing regimen compared with G-CSF alone.

The applicant has submitted 2 studies in this application to support the claimed
indication. Both studies are randomized, double-blind, placebo-controlled, parallel-
group, multi-center Phase III studies. Patients are randomized in a 1:1 ratio to the
treatment arm or the control arm.

Study 3101 is designed to investigate the outcome of NHL patients, with the primary
endpoint being difference of proportion of patients achieving > 5 x 10° CD34+ cells/kg in
4 or fewer days of apheresis. Secondary endpoints include: 1) difference of proportion of
patients achieving > 2 x 10® CD34+ cells/kg in 4 or fewer days of apheresis; 2) Number
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of apheresis days required to achieve > 5 x 10° CD34+ cells/kg; 3) Time to neutrophil
engraftment; 4) Time to platelet engraftment; and 5) engraftment at 100 days, 6 months,
and 12 months.

Study 3102 is designed to investigate the outcome of multiple lymphoma patients, with
the primary endpoint being difference of proportion of patients achieving > 6 x 10°
CD34+ cells/kg in 2 or fewer days of apheresis. Secondary endpoints include: 1)
difference of proportion of patients achieving > 6 x 10° CD34+ cells/kg in 4 or fewer
days of apheresis; 2) difference of proportion of patients achieving > 2 x 10° CD34+
cells/kg in 4 or fewer days of apheresis 3) Number of apheresis days required to achieve
> 6 x 10° CD34+ cells/kg; 4) Time to neutrophil engraftment; 5) Time to platelet
engraftment; and 6) engraftment at 100 days, 6 months, and 12 months.

2.1.3 Major Statistical Issues
There were significant amount of protocol violations in both the studies. However, the

violations are evenly distributed among the two study arms, and the results from both
studies are robust after removing the patients with major protocol violations.

2.2 Data Sources
Data used for review is from the electronic submission received on 6/15/2008. The

network path is \\CDSESUB1\EVSPROD\NDA022311\022311.enx. Specifically, datasets
from Studies 3101 and 3102 were reviewed.

3. STATISTICAL EVALUATION

3.1 Evaluation of Efficacy

The applicant submitted results from two randomized, double-blind, placebo-controlled,
parallel-group, multi-center Phase III studies to support the administration of plerixafor
and G-CSF combination in patients with NHL or MM to mobilize CD34+ cells for
autologous HSC transplantations. The main focus of this review will be on the results
from the analyses, particularly on the efficacy aspect of these two studies.

3.1.1 Study 3101
3.1.1.1 Study Design
This was a Phase III, multicenter, randomized, double-blind, placebo-controlled,

comparative study in patients with NHL eligible for autologous hematopoietic stem cell
transplant. The aim of the study was to claim that more patients with NHL who received
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plerixafor plus G-CSF would achieve a target of > 5 x 106 CD34+ cells/kg in 4 or fewer
days of apheresis compared with patients who received G-CSF+ placebo.

Patients were randomized in a 1:1 ratio into one of the treatment arms, stratified by study
center (no other stratification was applied). Randomized patients underwent mobilization
with G-CSF 10 pg/kg/day for 4 days, administered by subcutaneous (SC) injection. On
the evening of Day 4, patients received a dose of their assigned study treatment, i.e.,
plerixafor 240 npg/kg or placebo, administered by SC injection. On Day 5, patients
returned to the clinic and received a morning dose of G-CSF 10 pg/kg and underwent
apheresis approximately 10 to 11 hours after the dose of study treatment (within 60
minutes after administration of G-CSF). Patients continued to receive an evening dose of
study treatment followed the next day by a morning dose of G-CSF and apheresis for up
to a maximum of 4 aphereses or until > 5 x 10® CD34+ cells/kg were collected.

Patients who failed to collect > 0.8 x 10° CD34+ cells/kg after 2 days of apheresis or at
least 2 x 10° CD34+cells/kg in 4 or fewer days of apheresis had the option of entering an
open-label rescue procedure. After a minimum 7-day rest period, they received another 4-
day course of G-CSF mobilization and a course of G-CSF+ plerixafor 240 ng/kg, after
which cells were collected. (Study staff and patients remained blinded to the study
treatment received before entering the rescue procedure.)

Graft durability was assessed at 100 days (=1 week), 6 months (1 week), and 12 months
(£1 week) post-transplantation. Graft failures occurring within 12 months post
transplantation were recorded as serious adverse events (SAEs).

3.1.1.2  Study Objective

The primary objective was to determine if non-Hodgkin’s lymphoma (NHL) patients
mobilized with granulocyte-colony stimulating factor (G-CSF) plus 240 pg/kg plerixafor
injection were more likely to achieve a target number of > 5 x 10° CD34+ cells/kg in 4 or
fewer days of apheresis than NHL patients mobilized with G-CSF plus placebo (G-CSF+
placebo).

The secondary objectives were:

e To evaluate the safety of G-CSF plus plerixafor 240 pg/kg (G-CSF+
plerixafor)compared to G-CSF+ placebo in patients with NHL

e To compare the 2 treatment arms with respect to the number of patients who
achieved a minimum of 2 x 10° CD34+ cells/kg in 4 or fewer days of apheresis

e To compare the 2 treatment arms with respect to the number of days of apheresis
required to reach the target of > 5 x 10°® CD34+ cells/kg

e To compare the 2 treatment arms with respect to PMN and PLT engraftment
times

e To compare the 2 treatment arms for graft durability at 100 days, 6 months, and
12 months post-stem cell transplant.
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3.1.1.3  Efficacy Endpoints

The primary efficacy endpoint was the proportion of patients able to mobilize at least 5 x
10° CD34+ cells/kg in 4 or fewer days of apheresis.

The secondary efficacy endpoints were:

e The proportion of patients achieving a minimum transplantable number of CD34+
cells (2 x 10° CD34+ cells/kg) in 4 or fewer days of apheresis.

e The number of days of apheresis required to reach > 5 x 10° CD34+ cells/kg.

e The number of days to PMN engraftment and to PLT engraftment.

e The proportion of patients maintaining a durable graft at 100 days, 6 months, and
12 months post hematopoietic stem cell transplant. Graft durability was defined as
maintenance of normal blood counts according to at least 2 of the 3 following
criteria:

i. PLT count > 50,000/uL (50 x 109/L) without transfusion for at least 2
weeks prior to the follow-up visit
ii. Hemoglobin level > 10 g/dL with no erythropoietin (EPO) or transfusions
for at least 1 month prior to the follow-up visit
1ii. ANC > 1,000/uL (1 x 109/L) with no G-CSF for at least 1 week prior to
the follow-up visit

3.1.14 Sample Size Consideration

The sample size was calculated based on satisfying assumptions for the primary efficacy
variable, the number of patients mobilizing > 5 x 10° CD34+ cells/kg within 4 days of
apheresis with the following assumptions:
e Two-sided statistical test sized at o = 0.05 and powered at 80% (i.e., B = 0.20)
e Placebo group response rate = 0.30
e Minimum difference in proportions to detect between 2 independent treatment
arms = (.20.

It was estimated that a sample size of 93 patients is needed per treatment group. This
estimate was made for a PP population, and an additional estimate was needed to account
for a lowered effect size under the alternative hypothesis when considering an ITT
population. Assuming that 20% of the accrued patients would be excluded equally from
both treatment arms for a PP analysis, and that none of these patients would achieve the
primary endpoint, the target treatment effect for the ITT patients was 0.16. The sample
size estimate was 150 patients per group or 300 total patients.

In order to better understand the safety and efficacy of plerixafor when given with
Rituxan and G-CSF, up to an additional 40 patients (20 per treatment group) treated with
Rituxan were permitted to be enrolled at selected centers, providing for up to a total of
340 enrolled patients. (During the study, only 1 center actually used Rituxan.)
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3.1.1.5  Efficacy Analysis Methods

The ITT analyses were used to establish efficacy; the Per-Protocol (PP) analyses were
considered supportive. The ITT population consisted of all randomized patients (with the
exceptions noted below). The PP population consisted of all ITT patients who received
any fraction of study treatment (plerixafor or placebo), completed the apheresis period,
and did not have any major protocol deviations that significantly impacted the assessment
of efficacy. Analyses for the ITT population were based on the actual randomization
assignment, even if the patient received the other treatment. Data in the PP population
were analyzed to reflect how the patients were actually treated.

For the primary efficacy endpoint (treatment success), each patient’s value for CD34+
cells was calculated as the sum of all daily values collected over the 4 apheresis days.
Efficacy endpoints were calculated using the percentage of CD34+ cells determined by
the central laboratory applied to the WBC count from the local laboratory. When the
central laboratory value was missing, the corresponding local laboratory value was used;
6 patients in the G-CSF+ plerixafor and 15 patients in the G-CSF+ placebo group each
had 1 missing central laboratory CD34+ value during the study. The difference between
the treatment arms in the proportion of patients meeting the target and the proportion not
meeting the target was analyzed using Pearson’s chi-square test (unstratified),
uncorrected for continuity.

For the secondary efficacy endpoints, the proportion of patients achieving the minimum
threshold of 2 x 10® CD34+ cells/kg in 4 or fewer apheresis days and the proportion of
patients maintaining a durable graft at 100 days, 6 months, and 12 months post-
transplantation are analyzed in a manner similar to the analysis of the primary efficacy
endpoint. The other secondary endpoints, number of apheresis days required to achieve
the target of > 5 x 10° CD34+ cells/kg and number of days to PMN engraftment and to
PLT engraftment, were tested using an unstratified logrank statistic. A supportive
analysis was conducted using Cox’s PH regression model, parameterized to include fixed
effect terms for treatment and study center. Kaplan-Meier curves were estimated per
treatment group.

3.1.1.6 Applicant’s Results and Statistical Reviewer’s Findings / Comments

Demographic and Other Baseline Characteristics

Demographic and other baseline characteristics for the Primary ITT population are
summarized by treatment group in Table 3.1.1.1. The 2 treatment groups were similar to
each other with respect to most demographics and baseline characteristics.
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Table 3.1.1.1 Study 3101 Demographics

G-CSF/plerixafor | G-CSF/placebo Total
(n = 150) (n = 148) (n =298)
Median age (y) 56 59 58
Male/female (%) 67/33 69/31 68/32
Caucas1an/noon-Cauca51an 91/9 95/5 93/7
(%)
Stage I-11 (%) 14 27 19
Stage III-IV (%) 69 58 64
Missing (%) 17 15 16
Time from Dx to RND
(mo) 12 13 13
Time from prog/rel to 4 4 4
RND (mo)
?;;;)r chemo/RT/surgery 97/17/99 95/20/100 9618/99
IStCR 34 30 32
1St PR 17 13 15
ond CR 20 20 20
29 36 33
2nd PR 0 1 !
missing

Reviewer’ s comments:

There appears to be imbalance in the proportion of patients with baseline stage I/11
disease. However, the imbalance favors the control arm.

Primary Efficacy Endpoint

Proportion of Patients Achieving > 5 x 10° CD34+ cells’kg in 4 or Fewer Days of
Apheresis

The proportion of patients achieving treatment success (i.e., mobilization of > 5 x 10°
CD34+ cells/kg in 4 or fewer days of apheresis) was the primary efficacy endpoint. The
results for the Primary ITT population are summarized in Table 3.1.1.2. In the G-CSF+
plerixafor group, 89/150 (59.3%) of the patients achieved treatment success compared
with 29/148 (19.6%) of the patients in the G-CSF+ placebo group. The estimated
treatment effect (i.e., the difference in proportions between the treatment arms) was
39.7% (95% CI: 29.6% to 49.9%, p < 0.001).
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Table 3.1.1.2 Study 3101 Primary Endpoint
Mobilization of > 5 x 10° CD34+ cells/kg within 4 days

G-CSF/plerixafor | G-CSF/placebo
CD34 cells mobilized (n=150) (n=148)
>5x 109/kg 89 (59%) 29 (20%)
<5x 10%%kg 61 (41%) 119 (80%)
Estimated treatment effect (95% CI) 39.7% (29.6, 49.9)
Pearson’s chi-square p-value <0.001

Reviewer’ s Comments:

These are the results after imputing the missing data. All of the 9 missing data points
were imputed as ‘failure’. Three of the 9 patients are in the G/plerixafor arm and 6 in the
G/placebo arm. The change in the analysis results is minor if the imputed data were
removed.

Secondary Efficay Endpoints

Proportion of Patients Achieving > 2 x 10° CD34+ cells’kg in 4 or Fewer Days of
Apheresis

The proportion of patients achieving > 2 x 10° CD34+ cells/kg in 4 or fewer days of
apheresis was a secondary efficacy endpoint. The results for the Primary ITT population
are summarized in Table 3.1.1.3. In the G-CSF+ plerixafor group, 130/150 (86.7%) of the
patients achieved > 2 x 10° CD34+ cells/kg in 4 or fewer days of apheresis compared
with 70/148 (47.3%) of the patients in the G-CSF+ placebo group. The estimated
treatment effect was 39.4% (95% CI: 29.7% to 49.1%, p < 0.001).

Table 3.1.1.3 Study 3101 Secondary Endpoint
Mobilization of > 2 x 10° CD34+ cells/kg within 4 days

G-CSF/plerixafor | G-CSF/placebo
CD347" cells mobilized (n=150) (n=148)
>2 x 100/kg 130 (87%) 70 (47%)
<2x 10%/kg 20 (13%) 78 (53%)
Estimated treatment effect (95% CI) 39.4% (29.7,49.1)
Pearson’s chi-square p-value <0.001
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Reviewer’s Comments:

These are the results after imputing the missing data. The change in the analysis results is
minor if the imputed data were removed.

Number of Days of Apheresis Required to Achieve > 5 x 10° CD34+ cells/kg

The number of apheresis days required to achieve the target of > 5 x 10° CD34+ cells/kg
was a secondary efficacy endpoint. Results for the Primary ITT population are depicted
graphically in Figure 3.1. Based on Kaplan Meier estimates, the median time to reach the
target CD34+ cell dose was 3.0 days in the G-CSF+ plerixafor group but was not
estimable in the G-CSF+ placebo group since less than half of the patients in that group
reached the target in 4 days of apheresis.

For the G-CSF+ plerixafor group versus the G-CSF+ placebo group, the estimated
proportion of patients who achieved the target was:

o 27.9% versus 4.2% (first apheresis day),

e 49.1% versus 14.2% (second day),

o 57.7% versus 21.6% (third day), and

®  05.6% versus 24.2% (fourth day).
In a Cox PH model adjusted for treatment, patients in the G-CSF+ plerixafor group were
3.6 times more likely to achieve the target CD34+ cell count compared to the G-CSF+
placebo group (hazard ratio = 3.6, 95% CI=2.4 t0 5.5, p < 0.001).

[ Appears This Way On Original ]
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Figure 3.1 Study 3101 Secondary Endpoint
Apheresis Days to Mobilize > 5 x 10° CD34+ cells/kg

Fdazabail
———————— Flhacebo

Percent Reaching Target

Drays to Target Mobilization

Engraftment Success and Time to Engraftment

In the Primary ITT population, 135/150 (90.0%) of the patients in the G-CSF+ plerixafor
group underwent transplantation compared with 82/148 (55.4%) in the G-CSF+ placebo
group.

The number of days to PMN engraftment was a secondary efficacy endpoint.
Engraftment was defined as PMN counts > 0.5 x 10°/L for 3 consecutive days or > 1.0 x
10°/L for 1 day. The applicant reported that there were no statistically significant
differences between the treatment groups. In each treatment group, all of the patients who
underwent transplantation achieved successful PMN engraftment. The Kaplan Meier
estimate of the median time to engraftment was 10.0 days in each treatment group.

The number of days to PLT engraftment was a secondary efficacy endpoint. Engraftment
was defined as PLT counts > 20 x 10°/L for the first of 7 consecutive days without
receiving a transfusion in the prior 7 days. The applicant reported that there were no
statistically significant differences between the treatment groups. Among the patients
who underwent transplantation, 132/135 (97.8%) in the G-CSF+ plerixafor group
achieved successful PLT engraftment compared with 81/82 (98.8%) in the G-CSF+
placebo group. The median time to engraftment was 20.0 days in each treatment group.
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The above results are summarized in Table 3.1.1.4.

Table 3.1.1.4 Study 3101 Secondary Endpoints
Times to Neutrophil and Platelet Engraftment
in the Subgroup of Patients who had Engratment

G-CSF/plerixafor | G-CSF/placebo
(n=135) (n=82)
Neutrophil engraftment
Achieved (n) 135 (100%) 82 (100%)
(d;\}/llse)dlan time to achieve 10 10
HR (95% CI) 1.1 (0.8, 1.5)
Log-rank P 0.33
Platelet engraftment
Achieved (n) 132 (98%) 81 (99%)
(d;\}/llse)dlan time to achieve 20 20
HR (95% CI) 1.1 (0.8, 1.4)
Log-rank P 0.63

Reviewer’ s Comments:

The above two endpoints of time to neutrophil and platelet engraftment was evaluated in
a non-randomized subgroup of patients who had engraftment. Thus no formal
hypotheses testing or statistical inference including interpretation of p-value can be
considered.

Graft Durability

The proportion of patients maintaining a durable graft at 100 days, 6 months, and 12
months post-transplantation was a secondary efficacy endpoint.

Updated information on graft durability was sent by the applicant on August 26, 2008
(data source \CDSESUB1\EVSPROD\NDA022311\0002).

The Primary ITT population (N=298) comprised 150 patients in the G-CSF+ plerixafor
group and 148 patients in the G-CSF+ placebo group. Of these, 135 patients in the G-
CSF+ plerixafor group and 82 patients in the G-CSF+ placebo group underwent
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autologous transplantation (N=217). The disposition of patients over the 12 months
following transplantation is shown in Figure 3.2.

Figure 3.2 Study 3101 Disposition Over 12 Months Following Transplantation
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17%/82 {21%0 vot evalusble st Month 12
10 (12.2%) died
1 Withdrew
= 1 lost-to-followup (LEL)
5 durzble according to investizator bat
no confirming labs

¥

Month 12: 112 Evaluahle Patients |

| Month 12: 65 Evaluahle Patients

“Died prior to 100 days: 12-012, 13-008,
13-014, 16-001

Dried prior to Month §: 03-003, 05029,
06-004, 07-005, 28-001

Dried prior to Month 12: 02-017, 12-003,
12-01E, 28-014, 07-003
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The proportion of patients who underwent transplantation and maintained a durable graft,
as defined by laboratory criteria, at 100 days, 6 months, and 12 months post-
transplantation was a secondary efficacy endpoint in the study. The results are shown in

Table 3.1.1.5.

A total of 62 patients from the Primary ITT population entered the rescue procedure after
failing to meet minimal CD34+ cell collection criteria: 10/150 (6.7%) from the G-CSF+
plerixafor group and 52/148 (35.1%) from the G-CSF+ placebo group. (Table 3.1.1.6)

[ Appears This Way On Original ]
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Table 3.1.1.5 Study 3101 Secondary Endpoint
Graft Durability (Evaluable Population)

G-CSF/plerixafor G-CSF/placebo
(n=135) (n=82)
At 100 days
N 128/135 (95%) 78/82 (95%)
Est. Treatment Effect -0.3 (-6.3, 5.7)
Pearson chi-square P 0.92
At 6 months
N 120/123 (98%) 77/78 (99%)
Est. Treatment Effect -1.2(-4.9,2.5)
Pearson chi-square P 0.57
At 12 months
N 110/112 (98%) 65/65 (100%)
Est. Treatment Effect -1.8(-4.2,0.7)
Pearson chi-square P 0.28

Table 3.1.1.6 Study 3101 Secondary Endpoint
Graft Durability (Rescue Population)

Total rescue patients
n =52, 6 from testing, 46 from control

At 100 days

N 52(100%)

Yes 48 (92%)

No 4 (8%)
At 6 months

N 46 (100%), 2 missing, 4 died

Yes 43 (94%)

No 3 (6%)
At 12 months

N 44(100%), 1 missing, 7 died

Yes 40 (91%)

No 4 (9%)

18 of 37
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Reviewer’s Comments:

The above analyses were based on the evaluable population, a subgroup of patients who
had engraftment, and the rescue population, instead of the Primary ITT population. No
statistical inference or interpretation of p-value can be considered for these two
endpoints.

Protocol Violations

About one third of the patients in Study 3101 have major protocol violations. They are
summarized in Table 3.1.1.7.

Table 3.1.1.7 Major Protocol Violations

G-CSF/ G-CSF/
plerixafor Placebo
(n =150) (n=148)
Eligibility 13 (9%) 14 (9%)
Apheresis 14 (9%) 8 (5%)
Missing/unknown 11 (7%) 12 (8%)
G-CSF dosing 6 (4%) 6 (4%)
Treatment dosing 1 (1%) 4 (3%)
Timing 3 (2%) 3 (2%)
Concurrent Tx 2 (1%) 1 (1%)
Total 50 (33%) 48 (32%)

Reviewer’ s Comments:

There are large proportions of patients had major protocol violations. The violations
appear to be evenly distributed between the two treatment arms. The efficacy analysis
was performed again by excluding the patients with major violations. Total of 217
patients were included in the analysis. The results showed statistically significant results
between the two treatment arms. The percent difference between the two treatment arms
was 42.03% with 95% confidence interval (30.16%, 53.91%).

Exploratory Subgroup Analysis of Weight and the Number of CD34 Cells
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The primary efficacy analysis was also applied to the subgroups defined by patient
weight and the number of CD34 cells obtained following the first dose of treatment. The
results are summarized in Table 3.1.1.8 and 3.1.1.9.

Table 3.1.1.8 Exploratory Analyses of Mobilization of
> 5 x 10° CD34+ cells/kg within 4 days by Baseline Weight

Weight < 85 kg Weight > 85 kg

CD34+ cells G-CSF | G-CSF | G-CSF | G-CSF

mobilized /plerixafor | /placebo | /plerixafor | /placebo

m=71) | m=67) | m=76) | (n=75)

>5x 10%kg | 33 (46%) | 12(18%) | 56 (74%) | 17 (23%)

<5x10%g 38 (54%) | 55(82%) | 20(26%) | 58 (77%)
Estimated

treatment effect | 28.6% (13.4%, 43.7%) | 51.0% (37.1%, 67.9%)
(95% CI)

Reviewer’ s comments:

The cut-off line for weight was chosen at 85kg, which was about the mean and median of
the weight distribution of the patients. Nine patients were excluded from the analysis due
to missing data of weight and study outcome. There is a strong trend that the treatment
effect is smaller in the lower weight patients than those with higher weight. However,
these analyses can only be considered as exploratory as these were not as randomized
groups and may include confounding factors.

Table 3.1.1.9 Exploratory Analyses of

Mobilization of > 5 x 108 cp34* cells/kg within 4 days
by CD34 count on Day 5* by Baseline CD34+ Cells

CD34<0.93 CD34>0.93
CD34+ cells G-CSF G-CSF G-CSF G-CSF
mobilized /plerixafor | /placebo | /plerixafor | /placebo
(n=31) (n=82) (n=116) (n =60)
> 5x 10%kg 3(9.7%) 1(1.2%) | 86 (74.1%) | 28 (46.7%)
<5x10%g 28 (90.3%) | 81(98.8%) | 30(25.9%) |32 (53.3%)
Estimated
treatment effect 8.5% (0.8%, 16.1%) 27.5% (13.0%, 42.0%)
(95% CI)
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Reviewer’ s comments:

The cut-off line for CD34+ was chosen at 0.93 x 10%kg per request of the clinical
pharmacology reviewer. Nine patients were excluded from the analysis due to missing
data. When the CD 34+ is low after the first day of treatment, most of the patients in this
group responded to the treatment after all. Also there is a strong trend that the treatment
effect is smaller among patients with lower CD 34+ counts than those with higher counts.
However, these analyses can only be considered as exploratory as these were not as
randomized groups and may include confounding factors.

3.1.2 Study 3102
3.1.21 Study Design

This was a Phase III, multicenter, randomized, double-blind, placebo-controlled,
comparative study in patients with MM eligible for autologous hematopoietic stem cell
transplant. The aim of the study was to claim that more patients with MM would achieve
a target of > 6 x 10° CD34+ cells/kg in 2 or less apheresis days with G-CSF plus
plerixafor (G-CSF+ plerixafor) than with G-CSF plus placebo (G-CSF+ placebo).

Eligible patients were randomized 1:1 ratio into one of the two groups: G-CSF+ placebo
or G-CSF+ plerixafor, stratified by study center, PLT count (< 200,000/dL versus >
200,000/dL, because premobilization PLT count of 200,000/dL has been suggested to
distinguish populations of good versus poorer mobilizers; and type of transplant planned
(single or tandem). Randomized patients underwent mobilization with G-CSF 10
ng/’kg/day for 4 days, administered by subcutaneous (SC) injection. On the evening of
Day 4, patients received a dose of their assigned study treatment, i.e. plerixafor 240 pg/kg
or placebo, administered by SC injection. On Day 5, patients returned to the clinic and
received a morning dose of G-CSF 10 pg/kg and underwent apheresis approximately 10
to 11 hours after the dose of study treatment and within 60 minutes after administration
of G-CSF.. Patients continued to receive an evening dose of study treatment followed the
next day by a morning dose of G-CSF and apheresis for up to a maximum of 4 aphereses
or until > 6 x 10° CD34+ cells/kg were collected. At the Investigator’s discretion > 6 x
10° CD34+ cells/kg could be collected for patients who had planned tandem transplants if
this was done within 4 apheresis days.

Patients who failed to collect > 0.8 x 10° CD34+ cells/kg after 2 days of apheresis or > 2
x 10° CD34+ cells/kg in 4 or fewer days of apheresis, or patients who were planned for
tandem transplant and did not collect at least 4 x 10° CD34+ cells/kg in 4 or fewer
apheresis days had the option of entering an open-label rescue procedure. After a
minimum 7-day rest period, they received another 4-day course G-CSF mobilization and
a course of G-CSF+ plerixafor 240 ug/kg, after which cells were collected. (Study staff
and patients remained blinded to thestudy treatment received before entering the rescue
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procedure.) Graft durability was assessed at 100 days (=1 week), 6 months (=1 week),
and 12 months (1 week) post-transplantation. Graft failures occurring within 12 months
post transplantation were recorded as serious adverse events (SAEs).

3.1.2.2  Study Objective

The primary objective was to determine if multiple myeloma (MM) patients who were
mobilized with granulocyte colony-stimulating factor (G-CSF) plus 240 pg/kg AMD3100
(plerixafor injection, referred to as plerixafor) were more likely to achieve a target
number of > 6 x 10° CD34+ cells/kg in 2 or fewer days of apheresis than MM patients
mobilized with G-CSF plus placebo (G-CSF+ placebo).

The secondary objectives were:

e To evaluate the safety of G-CSF plus plerixafor (G-CSF+ plerixafor) 240 pg/kg
compared to G-CSF+ placebo in patients with MM.

e To determine if MM patients who were mobilized with G-CSF+ plerixafor (240
ng/kg) were more likely to achieve a target number of > 6 x 10° CD34+ cells/kg
in 4 or fewer apheresis days than MM patients who were mobilized with G-CSF+
placebo.

e To compare MM patients mobilized with G-CSF plus 240 pg/kg plerixafor versus
patients mobilized with G-CSF+ placebo with respect to the number of patients
who achieved a minimum of 2 x 10°® CD34+ cells/kg in 4 apheresis days.

e To compare the 2 treatment arms with respect to the number of days of apheresis
required to reach the target of > 6 x 106 CD34+ cells/kg.

e To compare the 2 treatment arms with respect to PMN and PLT engraftment
times.

e To compare the 2 treatment arms for graft durability at 100 days, 6 months, and
12 months post stem cell transplant.

3.1.2.3 Efficacy Endpoints

The primary efficacy endpoint was the proportion of patients achieving > 6 x 106 CD34+
cells/kg in 2 or fewer days of apheresis.

Secondary endpoints were:

e The proportion of patients achieving > 6 x 10° CD34+ cells/kg in 4 or fewer
apheresis days.

e The proportion of patients achieving a minimum transplantable number of CD34+
cells (2 x 10° CD34+ cells/kg) in 4 or fewer days of apheresis.

e The number of days of apheresis required to reach the target of > 6 x 10° CD34+
cells/kg.

e The number of days to PMN engraftment and to PLT engraftment.
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e The proportion of patients maintaining a durable graft at 100 days, 6 months, and
12 months post hematopoietic stem cell transplant. Graft durability was defined as
maintenance of normal blood counts according to at least 2 of the 3 following
criteria:
i. PLT count > 50,000/uL (50 x 109/L) without transfusion for at least 2
weeks prior to the follow-up visit
ii. Hemoglobin level > 10 g/dL with no erythropoietin (EPO) or transfusions
for at least 1 month prior to the follow-up visit
1ii.  Absolute neutrophil count > 1,000/uL (1 x 109/L) with no G-CSF for at
least 1 week prior to the follow-up visit
Further analysis was done to determine true failures. Patients who were unable to
maintain normal blood counts due to other causes, such as recurrent progressive disease,
renal failure, chronic bleeding, severe infection, drug-induced cytopenias, or
development of new hematologic problems (nutritional or otherwise) were considered to
have durable grafts.

3.1.2.4 Sample Size Consideration

The sample size was calculated based on satisfying design assumptions for the primary
efficacy variable, the number of patients mobilizing > 6 x 10° CD34+ cells/kg within 2
days of apheresis with the following assumptions:
e Two-sided statistical test sized at o = 0.05 and powered at 80% (i.e., B = 0.20)
e Placebo group response rate = 0.30
e Minimum difference in proportions to detect between 2 independent treatment
groups = 0.20.

It was estimated that a sample size of 93 patients is needed per treatment group. Since
this estimate was made for a PP population, an additional estimate was needed to account
for a lowered effect size under the alternative hypothesis when considering an ITT
population. Assuming that 20% of the accrued patients would be excluded equally from
both treatment groups for a PP analysis and that none of these patients achieved the
primary endpoint, the target treatment effect for the ITT patients was 0.16. The sample
size estimate was 150 patients per group or 300 total patients.

Up to an additional 30 patients (15 per treatment group) may have been enrolled and
permitted to receive cyto-reductive chemotherapy following stem cell transplant (SCT).
To allow for these extra patients, the maximum sample size was 330 patients. (During the
study, only 1 patient enrolled under these criteria.)

3.1.2.5 Efficacy Analysis Methods
The ITT analyses were used to establish efficacy; the Per-Protocol (PP) analyses were

considered supportive. The ITT population consisted of all randomized patients (with the
exceptions noted below). The PP population consisted of all ITT patients who received
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any fraction of study treatment (plerixafor or placebo), completed the apheresis period,
and did not have any major protocol deviations that significantly impacted the assessment
of efficacy. Analyses for the ITT population were based on the actual randomization
assignment, even if the patient received the other treatment. Data in the PP population
were analyzed to reflect how the patients were actually treated.

For the primary efficacy endpoint (treatment success), each patient’s value for CD34+
cells was calculated as the sum of all daily values collected over the 2 apheresis days.
Efficacy endpoints were calculated using the percentage of CD34+ cells determined by
the central laboratory applied to the WBC count from the local laboratory. When the
central laboratory value was missing, the corresponding local laboratory value was used;
12 patients in the G-CSF+ plerixafor and 13 patients in the G-CSF+ placebo group each
had 1 missing central laboratory CD34+ value during the study. The difference between
the treatment arms in the proportion of patients meeting the target and the proportion not
meeting the target was analyzed using Pearson’s chi-square test (unstratified),
uncorrected for continuity.

For the secondary efficacy endpoints, the proportion of patients achieving the minimum
threshold of 6 x 10° CD34+ cells/kg in 4 or fewer apheresis days, the proportion of
patients achieving the minimum threshold of 2 x 10° CD34+ cells/kg in 4 or fewer
apheresis days and the proportion of patients maintaining a durable graft at 100 days, 6
months, and 12 months post-transplantation are analyzed in a manner similar to the
analysis of the primary efficacy endpoint. The other secondary endpoints, number of
apheresis days required to achieve the target of > 6 x 10° CD34+ cells/kg and number of
days to PMN engraftment and to PLT engraftment, were tested using an unstratified
logrank statistic. A supportive analysis was conducted using Cox’s PH regression model,
parameterized to include fixed effect terms for treatment and study center. Kaplan-Meier
curves were estimated per treatment group.

3.1.2.6 Applicant’s Results and Statistical Reviewer’s Findings/ Comments

Demographic and Other Baseline Characteristics

Demographic and other baseline characteristics for the Primary ITT population are
summarized by treatment group in Table 3.1.2.1. The 2 treatment groups were similar to
each other with respect to most demographics and baseline characteristics.

[ Appears This Way On Original J
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Table 3.1.2.1 Study 3102 Demographics

25 of 37

G-CSF/plerixafor | G-CSF/placebo Total
(n =148) (n =154) (n=302)

Median age (y) 58 59 59
Male/female (%) 66/32 69/31 68/32
g)zl)lcaman/non-Caucasmn 2901 R3/17 R1/19
Stage I-11 (%) 29 41 40
Stage 111 (%) 61 58 60
Missing (%) 0 1 1
Time from Dx to RND 7 7 7
(mo)
?,2;” chemo/RT/surgery 97/27/99 96/31/99 9729/99
IStCR 7 12 10
IStPR 87 82 84
2nd PR 5 6 6

Reviewer’ s comments:

There appears to be imbalance in the proportion of patients with baseline stage I/11
disease and patients with 1* CR. However, these imbalances favor the control arm.

Primary Efficacy Endpoint

Proportion of Patients Achieving > 6 x 10° CD34+ Cells/kg in 2 or Fewer Days of

Apheresis

The number of patients achieving treatment success (i.e. collection of > 6 x 10° CD34+
cells/kg in 2 or fewer days of apheresis) was the primary efficacy endpoint. As low PLT
count has been suggested to be a predictor of poor mobilization, patients were stratified
by platelet count at randomization (baseline platelet count < 200,000 cells/dL and
baseline platelet count > 200,000 cells/dL). The results for the Primary ITT population
are summarized in Table 3.1.2.2. In the G-CSF+ plerixafor group, 106/148 (71.6%) of the
patients achieved treatment success compared with 53/154 (34.4%) of the patients in the
G-CSF+ placebo group. The estimated treatment effect (i.e. the difference in proportions

between the treatment groups) was 37.2% (95% CI: 26.8% to 47.6%; p < 0.001).
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Table 3.1.2.1 Study 3102 Primary Endpoint
Mobilization of > 6 x 10° CD34+ cells/kg within 2 days

26 of 37

G-CSF/plerixafor | G-CSF/placebo
CD347" cells mobilized (n=148) (n=154)
>6x 100/kg 106 (72%) 53 (34%)
<6x 100/kg 42 (28%) 101 (66%)
Estimated treatment effect (95% CI) 37.2% (26.7,47.7)
Pearson’s chi-square p-value <0.001

Reviewer’ s Comments:

These are the results after imputing the missing data. All of the 8 missing data points
were imputed as ‘failure’. Four of the 8 patients are in the G-CSF/plerixafor arm and 4 in
the G-CSF/placebo arm. The change in the analysis results is minor if the imputed data
were removed.

Secondary Efficacy Endpoints

Proportion of Patients Achieving > 6 x 10° CD34+ Cells/kg in 4 or Fewer Days of
Apheresis

The proportion of patients achieving > 6 x 10° CD34+ cells/kg in 4 or fewer days of
apheresis was a secondary efficacy endpoint. The results for the Primary ITT population
are shown in Table 3.1.2.3. In the G-CSF+ plerixafor group, 112/148 (75.7%) of the
patients achieved treatment success compared with 79/154 (51.3%) of the patients in the
G-CSF+ placebo group. The estimated treatment effect was 24.4% (95% CI: 13.9% to
34.9%; p <0.001).

Table 3.1.2.3 Study 3102 Secondary Endpoint
Mobilization of > 6 x 10° CD34+ cells/kg within 4 days

G-CSF/plerixafor | G-CSF/placebo
CD347 cells mobilized (n=148) (n=154)
>6x 100/kg 112 (76%) 79 (51%)
<6x 100/kg 36 (24%) 75 (49%)

Estimated treatment effect (95% CI)

24.4% (13.9, 34.9)

Pearson’s chi-square P

<0.001
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Proportion of Patients Achieving > 2 x 10° CD34+ cells’kg in 4 or Fewer Days of
Apheresis

The proportion of patients achieving > 2 x 10° CD34+ cells/kg in 4 or fewer days of
apheresis was a secondary efficacy endpoint. The results for the Primary ITT population
are shown in Table 3.1.2.4. In the G-CSF+ plerixafor group, 141/148 (95.3%) of the
patients achieved treatment success compared with 136/154 (88.3%) of the patients in the
G-CSF+ placebo group. The estimated treatment effect was 7.0% (95% CI: 0.8% to
13.1%; p=10.031).

Table 3.1.2.4 Study 3102 Secondary Endpoint
Mobilization of > 2 x 10° CD34+ cells/kg within 4 days

G-CSF /plerixafor | G-CSF /placebo
CD347" cells mobilized (n=148) (n=154)
>6x 106/kg 141 (95.3%) 136 (88.3%)
<6x 100/kg 7 (4.8%) 18 (11.7%)
Estimated treatment effect (95% CI) 7.0% (0.8%, 13.1%)
Pearson’s chi-square P 0.031

Reviewer’ s Comments:

These are the results after imputing the missing data. The change in the analysis results is
minor if the imputed data were removed.

Number of Days of Apheresis Required to Reach > 6 x 10° CD34+ cells/kg

The number of apheresis days required to reach the target of > 6 x 10° CD34+ cells/kg
was a secondary efficacy endpoint. Results for the Primary ITT population are depicted
graphically in Figure 3.3. Based on Kaplan-Meier estimates, the median time to reach the
target CD34+ cell dose was 1.0 day in the G-CSF+ plerixafor group and 4.0 days in the
G-CSF+ placebo group.

For the G-CSF+ plerixafor group versus the G-CSF+ placebo group, respectively, the
estimated proportion of patients who achieved the target was:

e 54.2% versus 17.3% (first apheresis day),

o 77.9% versus 35.3% (second day),

e 86.8% versus 48.9% (third day),

e and 86.8% versus 55.9% (fourth day).
In a Cox PH model adjusted for treatment, patients in the G-CSF+ plerixafor group were
2.5 times more likely to achieve the target CD34+ cell count compared to patients in the
G-CSF+ placebo group (hazard ratio = 2.539, 95% CI: 1.878 to 3.441, p < 0.001).
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Figure 3.3 Study 3102 Secondary Endpoint
Apheresis Days to Mobilize > 6 x 10° CD34+ cells/kg
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Engraftment Success and Time to Engraftment

In the Primary ITT population, 142/148 (95.9%) patients in the G-CSF+ plerixafor group
underwent transplantation, and in the G-CSF+ placebo group, 136/154 (88.3%)
underwent transplantation.

The number of days to PMN engraftment was a secondary efficacy endpoint.
Engraftment was defined as PMN counts > 0.5 x 10°/L for 3 consecutive days or > 1.0 x
10°/L for 1 day. The applicant has reported that there was no statistically significant
difference between the treatment groups in PMN engraftment. In the Primary ITT G-
CSF+ plerixafor group, 141/142 (99.3%) of the patients who underwent transplantation
achieved successful PMN engraftment, and in the G-CSF+ placebo group, 136/136
(100%) of the patients who underwent transplant achieved successful PMN engraftment.
The Kaplan Meier estimate of the median time to PMN engraftment was 11.0 days in
each treatment group.

The number of days to PLT engraftment was a secondary efficacy endpoint. Engraftment
was defined as PLT counts > 20 x 10°/L for the first of 7 consecutive days without
receiving a transfusion in the prior 7 days. The applicant has reported that there were no
statistically significant differences between the treatment groups in PLT engraftment.
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Among the patients who underwent transplantation, 141/142 (99.3%) in the G-CSF+
plerixafor group achieved successful PLT engraftment compared with 135/136 (99.3%)
in the G-CSF+ placebo group. The median time to engraftment was 18.0 days in each
treatment group.

The above results are summarized in Table 3.1.2.5.
Table 3.1.2.5 Study 3102 Secondary Endpoint

Times to Neutrophil and Platelet Engraftment
in the Subgroup of Patients who had Engratment

G-CSF/plerixafor | G-CSF/placebo
(n=142) (n=136)

Neutrophil engraftment

Achieved (n) 141 (99%) 136 (100%)

Median time to achieve

11 11

(days)

HR (95% CI) 1.0 (0.81, 1.31)

Log-rank P 0.69
Platelet engraftment

Achieved (n) 141 (99%) 135 (99%)

Median time to achieve 13 13
(days)

HR (95% CI) 0.9 (0.69, 1.11)

Log-rank P 0.18

Reviewer’ s Comments:

The above two endpoints of time to neutrophil and platelet engraftment was evaluated in
a non-randomized subgroup of patients who had engraftment.
hypotheses testing or statistical inference including interpretation of p-value can be

considered.

Graft Durability

The proportion of patients maintaining a durable graft at 100 days, 6 months, and 12

Thus

months post-transplantation was a secondary efficacy endpoint.

Updated information on graft durability was sent by the applicant on August 26, 2008

(data source \CDSESUB1\EVSPROD\NDA022311\0002).

no formal
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The Primary ITT population (N=302) comprised 148 patients in the G-CSF+ plerixafor
group and 154 patients in the G-CSF+ placebo group. Of these, 142 patients in the G-
CSF+ plerixafor group and 136 patients in the G-CSF+ placebo group underwent
autologous transplantation (N=278). The disposition of patients over the 12 months
following transplantation is shown in Figure 3.4.

Figure 3.4 Study 3102 Disposition Over 12 Months Following Transplantation
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Died prior to Month 12: 03-602, 28-505, Died prior to Monta 12: 02608, 03.901
42606 LFU- 27-804

Elective withdrawal- 21-901
‘Other’: 18-91%, 18-922, 20-301, 29-903
TDhrable by investizator assessment but

missing lzbs: 03-603, 02-201, 28-801

‘Other’; 18-908, 28-913, 37-801

Dhuable by mvestizator assessment but
missing labs: 03-601, 03-904, 20-601, 26-
606, 30-001, 33-903, 42901

The proportion of patients who underwent transplantation and maintained a durable gratft,
as defined by laboratory criteria, at 100 days, 6 months, and 12 months post-
transplantation was a secondary efficacy endpoint in the study. The results are shown in
Table 3.1.2.6.

A total of 7 patients from the G-CSF+ placebo group (4.5%) of the Primary ITT
population entered the rescue procedure after failing to meet minimal CD34+ cell
collection criteria. No patients entered the rescue procedure from the G-CSF+ plerixafor
group. All patients who underwent transplantation in the Rescue population (n=7)
maintained a durable graft at 100 days, 6 months, and at 12 months.
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Table 3.1.2.6 Study 3102 Secondary Endpoint
Graft Durability (Evaluable Population)

G-CSF/plerixafor G-CSF/placebo
(n=142) (n=136)
At 100 days
N 140/142 (99%) 133/136 (98%)
Est. treatment effect 0.8% (-2.3,3.9)
Pearson chi-square P 0.62
At 6 months
N 133/135 (98%) 127/125 (98%)
Est. treatment effect 0.1% (-2.9, 3.1)
Pearson chi-square P 0.95
At 12 months
N 127/128 (99%) 119/120 (100%)
Est. treatment effect 0.1(-2.2,2.3)
Pearson chi-square P 0.96

Reviewer’s Comments:

The analyses were based on the subgroup evaluable population who had engraftment and
the rescue population, instead of the Primary ITT population. No statistical inference or
interpretation of p-value can be considered for these two endpoints.

Protocol Violations

About half of the patients in Study 3102 had major protocol violations. They are
summarized in Table 3.1.2.7.

[ Appears This Way On Original ]
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Table 3.1.2.7 Major Protocol Violations

G-CSF/ G-CSF/

plerixafor placebo

(n=148) (n=154)
Eligibility 21 (14%) 14 (9%)
Apheresis 19 (13%) 30 (19%)
Missing/unknown 22 (15%) 23 (15%)
G-CSF dosing 11 (7%) 9 (6%)
Treatment dosing 1 (1%) 4 (3%)
Timing 9 (6%) 7 (5%)
Concurrent Tx 0 (0%) 4 (3%)
Total 83 (56%) 91 (59%)

32 of 37

Reviewer’ s Comments:

There are large proportions of patients who had major protocol violations. The violations
appear to be evenly distributed between the two treatment arms. The efficacy analysis
was performed again by excluding patients with major violations. The percent difference
between the two treatment arms was 39.26% with 95% confidence interval (25.45%,
53.08%).

3.2  Evaluation of Safety
Please refer to the Clinical Review of this application for safety evaluation.

4. FINDINGS IN SPECIAL/SUBGROUP POPULATIONS
4.1 Gender, Race and Age

Table 4.1.1 presents the summary statistics of mobilization of > 5 x 10® CD34+ cells/kg
within 4 days by Gender.
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Table 4.1.1 Mobilization of >5 x 10° CD34+ cells/kg within 4 days by Gender

Number of Difference
Study Gender Arm >5x 106/kg (95% CI)
Male G-CSF /plerixafor 62/100 (62%) 44.4%
G-CSF /placebo 18/102 (17.7%) | (32.2%, 56.5%)
3101 G-CSF /plerixafor 27/50 (54%)
30.1%
Female

G-CSF /placebo

11/46 (23.9%)

(11.0%, 49.2%)

Table 4.1.2 presents the summary statistics of mobilization of > 6 x 10° CD34+ cells/kg

within 2 days by Gender in Study 3102.

Table 4.1.2 Mobilization of > 6 x 10° CD34+ cells/kg within 2 days by Gender

Number of Difference
Study Gender Arm > 6 x 106/kg 95% CI)
Male G-CSF /plerixafor 74/100 (74%) 39.4%
3102 G-CSF /placebo 37/107 (34.6%) (26.8%, 52.0%)
Female G-CSF /plerixafor 32/48 (66.7%) 32.6%
G-CSF /placebo 16/47 (34.0%) (13.2%, 52.1%)

Table 4.1.3 presents the summary statistics of mobilization of > 5 x 10° CD34+ cells/kg

within 4 days by age in Study 3101.

Table 4.1.3 Mobilization of >5 x 10° CD34+ cells/kg within 4 days by Age

Number of Difference
Study Age Arm >5x 106/kg (95% CI)
<65 vrs G-CSF /plerixafor 72/117 (61.5%) 40.8%
3101 Y G-CSF /placebo 23/111 (20.7%) (29.1%, 52.6%)
_ ; 0 0
> 65 yrs G-CSF /plerixafor 17/33 (51.5%) 35.3%

G-CSF /placebo

6/37 (16.2%)

(14.2%, 56.4%)

Table 4.1.4 presents the summary statistics of mobilization of > 6 x 10° CD34+ cells/kg

within 2 days by age in Study 3102.
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Table 4.1.4 Mobilization of > 6 x 10° CD34+ cells/kg within 2 days by Age

Number of Difference
Study Age Arm > 6 x 106/kg (95% CI)
<65 yrs G-CSF /plerixafor 83/115 (72.2%) 32.5%
3102 G-CSF /placebo 46/116 (39.7%) (20.3%, 44.7%)
> 65 yrs G-CSF /plerixafor 23/33 (69.7%) 51.3%
— G-CSF /placebo 7/38 (18.4%) (30.9%, 71.6%)

Table 4.1.5 presents the summary statistics of mobilization of > 5 x 10° CD34+ cells/kg
within 4 days by origin in Study 3101.

Table 4.1.5 Mobilization of >5 x 10° CD34+ cells/kg within 4 days by Origin

. . Number of Difference
Study Origin Arm >5x 106/kg (95% CI)
Caucasians G-CSF /plerixafor | 82/136 (60.3%) 40.3%
3101 G-CSF /placebo 28/140 (20%) (29.7%, 50.9%)
Non- G-CSF /plerixafor 7/14 (50%) 37.5%
Caucasians G-CSF /placebo 1/8 (12.5%) (-0.057%, 80.7%)

Table 4.1.6 presents the summary statistics of mobilization of > 6 x 10° CD34+ cells/kg
within 2 days by origin in Study 3102.

Table 4.1.6 Mobilization of > 6 x 10° CD34+ cells/kg within 2 days by Origin

- Number of Difference
Study Origin Arm > 6 x 106/kg (95% CI)
Caucasians G-CSF /plerixafor | 82/117 (70.1%) 37.3%
3102 G-CSF /placebo 42/128 (32.8%) (25.5%, 49.0%)
Non-Caucasians G-CSF /plerixafor | 24/31 (77.4%) 35.1%
G-CSF /placebo 11/26 (42.3%) (10.5%, 59.8%)

4.2 Other Special/Subgroup Populations

There is no other subgroup analysis performed.

5.  SUMMARY AND CONCLUSIONS

5.1 Statistical Issues and Collective Evidence

In study 3101, total of 298 primary ITT patients were randomized to 32 centers in the
United States. Among them, 89 (59%) patients randomized to G-CSF/plerixafor met the
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primary efficacy endpoint of mobilization of > 5 x 10® CD34+ cells/kg within 4 apheresis
days, compared to 29 (20%) patients randomized to G-CSF/placebo (p < 0.001). Results
for the secondary endpoints also showed supportive outcomes in favor of the treatment
arm. Table 5.1 presents the primary analysis results.

Table 5.1 3101 Primary Endpoint
Mobilization of > 5 x 106 CD34+ cells/kg within 4 days

G-CSF/plerixafor | G-CSF/placebo
CD34™ cells mobilized (n =150) (n = 148)
>5x 106/kg 89 (59%) 29 (20%)
<5x 106/kg 61 (41%) 119 (80%)
Difference (95% CI) 39.7% (29.6, 49.9)
Pearson’s chi-square P <0.001

In study 3102, total of 302 primary ITT patients were randomized to 40 centers in the
United States, Canada and Germany. Among them, 106 (72%) patients randomized to G-
CSF/plerixafor met the primary efficacy endpoint of mobilization of > 6 x 10° CD34+
cells’kg within 2 apheresis days, compared to 53 (34%) patients randomized to G-
CSF/placebo (p < 0.001). Results for the secondary endpoints also showed supportive
outcomes in favor of the treatment arm. Table 5.2 presents the primary analysis results.

Table 5.2 3102 Primary Endpoint
Mobilization of > 6 x 10° CD34+ cells/kg within 2 days

G-CSF/plerixafor | G-CSF/placebo
CD34™ cells mobilized (n =148) (n=154)
> 6 x 106/kg 106 (72%) 53 (34%)
<6x 106/kg 42 (28%) 101 (66%)
Estimated treatment effect (95% CI) 37.2% (26.7,47.7)
Pearson’s chi-square P <0.001

There were significant amount of protocol violations in both studies. However, the
violations are evenly distributed among the two study arms, and the results from both
studies are robust after removing the patients with major protocol violations.

5.2 Conclusions and Recommendations

The results from the two studies submitted showed statistically significant results that
plerixafor reduced the number of aphereses sessions required to collect transplantable cell
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dose and increased the percentage of patients able to undergo autologous HSC
transplantations.

Based on the data submitted, the study results support the claims in the primary endpoints
and key secondary endpoints. Whether the endpoint and the size of the effect on this
endpoint are adequate for approval is a clinical decision.
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