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Trvy 5
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T L)L HS i 10
FLY) T REHEE 13
a5FozUEER 16
ATISvYE 19
*EvYY 22
VIV U R JiEERE 25
AITRALE 28
KE 30
HPC, Cord Blood / AlloCORD 30
HPC, Cord Blood / CLEVECORD 32
HPC, Cord Blood / DUCORD 34
Apligraf / Gintuit 36
HPC, Cord Blood / Hemacord 39
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HPC, Cord Blood / HPC, Clinimmune Labs, University of Colorado Cord Blood Bank-----— 41

HPC, Cord Blood / HPC, MD Anderson Cord Blood Bank (MDACBB) 43
HPC, Cord Blood / HPC, LifeSouth Community Blood Centers, Inc. 45
HPC, Cord Blood / HPC, Bloodworks 47
Talimogene laherparepvec/ Imlygic 49
Tisagenlecleucel / Kymriah 52
Fibrocall Technologies / Laviv 55
voretigene neparvovec-rzyl / Luxturna 58
Autologous Cultured Chondrocytes on a Porcine Collagen Membrane / MACI ------—-------—-- 61
Sipuleucel-T (consists of autologous peripheral blood manonuclear cells) / Provenge ---------- 64
Brexucabtagene autoleucel / Tecartus 67
Axicabtagene ciloleucel / Yescarta 70
Onasemnogene abeparvovec-xioi / Zolgensma 73
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HPC, Cord Blood / AlloCORD
KEAGRAE/ME A 2012 (Regular Approval) / NA
i S : For use in unrelated donor hematopoietic progenitor cell transplantation procedures in
conjunction with an appropriate preparative regimen for hematopoietic and immunologic reconstitution
in patients with disorders affecting the hematopoietic system that are inherited, acquired, or result from
myeloablative treatment
1 )5 B © Two HPC, Cord Blood products have been licensed in the US, including HemaCord
from New York Blood Center, Inc., and HPC, Cord Blood from Clinlmmune Labs for the same
indications.
YERI#%FF © Hematopoietic stem/progenitor cells from HPC, Cord Blood, migrate to the bone marrow
where they divide and mature. The mature cells are released into the bloodstream, where some circulate
and others migrate to tissue sites, partially or fully restoring blood counts and function, including
immune function, of blood-borne cells of marrow origin. however, the precise mechanism of action is
unknown.
T —H s\ - — A : The applicant did not conduct any clinical trials to study the efficacy or the
safety of AlloCORD. The effectiveness of HPC, Cord Blood, as defined by hematopoietic reconstitution,
was demonstrated in one single-arm prospective study (COBLT Study, N=324), and in retrospective
reviews of data from an observational database for AlloCORD (N=442) and data in the
dockets(N=1299).
%A 2L : There is no pre-specified primary endpoint because no clinical trial was conducted. However,
FDA review used neutrophil and platelet recovery as the indicators of hematopoietic reconstitution. The
cumulative incidence of neutrophil recovery of AlloCORD appeard comparable to that of the HPC, Cord
Blood products that contributed to the docket data and the COBLT study. (AlloCORD 88%; Docket
77%; COBLT 76%)
FERLEa—aA b
Clinical Review
+ Efficacy : Based on primarily on the docket data, supplemented by the AlloCORD data, and
considering the publically available data, we conclude that AlloCORD can function as an alternative
source of HPCs for hematopoietic and immunologic reconstitution in patients with diseases affecting
the hematopoietic system that are inherited, acquired, or result from myeloablative treatment. The
AlloCORD data do not include information regarding immunologic reconstitution. However, based
on the analyses of the Docket data and supported by the publicly available data, HPC, Cord Blood
has demonstrated the ability of immunologic reconstitution for patients transplanted for primary
immunodeficiency as well as for other malignant and nonmalignant disorders.
+ Safety : The risks associated with AlloCORD transplantation are serious and potentially fatal. The

AEs include early death, infusion reactions, graft versus host disease and graft failure. The incidence
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of these serious AEs are similar to the incidences documented in the safety review of docket.
Statistical Review
- Demographics : The demographics of AlloCORD appear comparable to that of the HPC, Cord Blood
products that contributed to the docket data.
- 4.4 Statistical : The analyses of the AlloCORD data are based on a subset of patients, who received
a single infusion of AlloCORD. Due to the voluntary nature of data collection, missing data occur in
various degrees for different variables, and multiple miscoding and inconsistencies are present within
the dataset.
- 7.1.11 Efficacy Conclusions : Based primarily on the docket data, supplemented by the AlloCORD
data, and considering the publically available data, we conclude that AlloCORD can function as an
alternative source of hematopoietic progenitor cells for hematopoietic and immunologic
reconstitution in patients with diseases affecting the hematopoietic system that are inherited, acquired,
or result from myeloablative treatment (see Appendices1, 2 and 3).
- 8.6 Safety Conclusions : The risks associated with AlloCORD transplantation are serious and
potentially fatal. The adverse events include early death, infusion reactions, graft versus host disease
(GVHD), and graft failure.
(8) A
Standard post-marketing surveillance
a) Implement a safety outcomes monitoring and analysis plan including 1) maintenance of an
observational database, 2) aggregate analyses of interval and cumulative adverse experience reports,
and 3) safety outcomes analyses of interval and cumulative data that address early mortality, graft
failure-related mortality, graft failure, etc.
b) Submit to FDA a 15 day "alert report" for each serious infusion reaction associated with

administration of AlloCORD.
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HPC, Cord Blood / CLEVECORD

KEAGRAE/ME A ¢ 2016 (Regular Approval) / NA

i S : For use in unrelated donor hematopoietic progenitor cell transplantation procedures in

conjunction with an appropriate preparative regimen for hematopoietic and immunologic reconstitution

in patients with disorders affecting the hematopoietic system that are inherited, acquired, or result from

myeloablative treatment

1 bt 5 SR . Unrelated cord blood transplantation has extended the availability of allogeneic

hematopoietic stem cell transplantation to patients who would not be eligible for potentially curative

approach because of lack of an HLA-identical bone marrow (HPC-M) or granulocyte colony-stimulating

factor mobilized peripheral blood hematopoietic stem cell (PBSC, HPC-A) donor. FDA has approved

six HPC, Cord Blood products for the same indication.

YERI#%FF © Hematopoietic stem/progenitor cells from HPC, Cord Blood, migrate to the bone marrow

where they divide and mature. The mature cells are released into the bloodstream, where some circulate

and others migrate to tissue sites, partially or fully restoring blood counts and function, including

immune function, of blood-borne cells of marrow origin. however, the precise mechanism of action is

unknown.

T —H 3 - — A The applicant did not conduct any clinical trials to study the efficacy or the

safety of CLEVECORD. The effectiveness of HPC, Cord Blood, as defined by hematopoietic

reconstitution, was demonstrated in one single-arm prospective study (COBLT Study, N=324), and in

retrospective reviews of data from an observational database for CLEVECORD (CCBC, N=91) and

data in the dockets(N=1299).

05 5 B : There is no pre-specified primary endpoint because no clinical trial was conducted. However,

FDA review used neutrophil and platelet recovery as the indicators of hematopoietic reconstitution. The

cumulative incidence of neutrophil recovery of CLEVECORD appeared comparable to that of the HPC,

Cord Blood products that contributed to the docket data and the COBLT study. (CLEVECORD 96%;

Docket 77%; COBLT 76%)

TRl Ea—aRXr b

Clinical Review

Efficacy : Based on primarily on the docket data, supplemented by the CLEVECORD data, and
considering the publically available data, we conclude that CLEVECORD can function as an
alternative source of HPCs for hematopoietic and immunologic reconstitution in patients with
diseases affecting the hematopoietic system that are inherited, acquired, or result from
myeloablative treatment. The CLEVECORD data do not include information regarding
immunologic reconstitution. However, based on the analyses of the Docket data and supported by
the publicly available data, HPC, Cord Blood has demonstrated the ability of immunologic
reconstitution for patients transplanted for primary immunodeficiency as well as for other

malignant and nonmalignant disorders.
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Safety : The risks associated with CLEVECORD transplantation are serious and potentially fatal.
The AEs include early death, infusion reactions, graft versus host disease and graft failure. The
point estimates for early death, primary graft failure, acute GVHD, and infusion reactions were
lower among patients in the CCBC dataset (retrospective CLEVECORD dataset) who were
reported to have received a suitable allograft compared to the Docket or the COBLT datasets.
Statistical Review
- 4.4 Statistical : The analyses of the CLEVECORD data are mainly based on a subset of patients
who received a suitable allograft with at least one unit of CLEVECORD. Due to the voluntary nature
of data collection, missing data occur in various degrees for different variables.
- 7.1.9 Efficacy Conclusions : Based primarily on the Docket data, supplemented by the
CLEVECORD data, and taking into consideration the publicly available data, CLEVECORD can
function as an alternative source of hematopoietic progenitor cells for hematopoietic and
immunologic reconstitution in patients with diseases affecting the hematopoietic system that are
inherited, acquired, or result from myeloablative treatment.
- 8.6 Safety Conclusions : Based primarily on the Docket data, supplemented by the CLEVECORD
data, and taking into consideration the publicly available data, the risks associated with
CLEVECORD transplantation are serious and potentially fatal. The adverse events include early
death, infusion reactions, graft versus host disease (GVHD), and graft failure.
(8) Zfh
Standard post-marketing surveillance
a) Implement a safety outcomes monitoring and analysis plan including 1) maintenance of an
observational database, 2) aggregate analyses of interval and cumulative adverse experience reports,
and 3) safety outcomes analyses of interval and cumulative data that address early mortality, graft
failure-related mortality, graft failure, etc.
b) Submit to FDA a 15 day "alert report" for each serious infusion reaction associated with

administration of CLEVECORD.
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HPC, Cord Blood / DUCORD
KEAGRAE/ME A S ¢ 2012 (Regular Approval) / NA
i S : For use in unrelated donor hematopoietic progenitor cell transplantation procedures in
conjunction with an appropriate preparative regimen for hematopoietic and immunologic reconstitution
in patients with disorders affecting the hematopoietic system that are inherited, acquired, or result from
myeloablative treatment
1 )5 B« FDA has approved two HPC, Cord Blood products for the same indication as in this
BLA.
YEFI#%FF © Hematopoietic stem/progenitor cells from HPC, Cord Blood, migrate to the bone marrow
where they divide and mature. The mature cells are released into the bloodstream, where some circulate
and others migrate to tissue sites, partially or fully restoring blood counts and function, including
immune function, of blood-borne cells of marrow origin. however, the precise mechanism of action is
unknown.
T — &\ - — A : The applicant did not conduct any clinical trials to assess the efficacy of
DUCORD. The effectiveness of HPC, Cord Blood, as defined by hematopoietic reconstitution, was
demonstrated in one single-arm prospective study (COBLT Study, N=324), and in retrospective reviews
of data from an observational database for DUCORD (N=550) and data in the dockets(N=1299).
FR05R S : There is no pre-specified primary endpoint because no clinical trial was conducted. However,
FDA review used neutrophil and platelet recovery as the indicators of hematopoietic reconstitution. The
cumulative incidence of neutrophil recovery of DUCORD appeared comparable to that of the HPC,
Cord Blood products that contributed to the docket data and the COBLT study. (DUCORD 95%; Docket
77%; COBLT 76%)
TRl Ea—aRXr b
Clinical Review
- Efficacy : Based on primarily on the docket data, supplemented by the DUCORD data, and
considering the publically available data, we conclude that DUCORD can function as an alternative
source of HPCs for hematopoietic and immunologic reconstitution in patients with diseases
affecting the hematopoietic system.
The DUCORD data do not include information regarding immunologic reconstitution. However,
based on the analyses of the Docket data and supported by the publicly available data, HPC, Cord
Blood has demonstrated the ability of immunologic reconstitution for patients transplanted for
primary immunodeficiency as well as for other malignant and nonmalignant disorders.
- Safety : The risks associated with DUCORD include early death, infusion reactions, GVHD, and
graft failure.
Statistical Review
- 7.1.11 Efficacy Conclusions : Based primarily on the docket data, supplemented by the DUCORD

data, and considering the publically available data, we conclude that DUCORD can function as an
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alternative source of hematopoietic progenitor cells for hematopoietic and immunologic
reconstitution in patients with diseases affecting the hematopoietic system that are inherited,
acquired, or result from myeloablative treatment.

- 8.6 Safety Conclusions : The DUCORD dataset is incomplete with missing data in different
outcome parameters due to voluntary and retrospective data collection. Therefore, the safety
analyses of different categories of adverse events were conducted in various subsets of the patient
population. The safety analyses based on the DUCORD dataset are limited by the retrospective
nature of the data collection, historic comparison, large amount of missing data, and different
patient populations.

(8) Z DA
Standard post-marketing surveillance
a) Implement a safety outcomes monitoring and analysis plan including 1) maintenance of an
observational database, 2) aggregate analyses of interval and cumulative adverse experience reports,
and 3) safety outcomes analyses of interval and cumulative data that address early mortality, graft
failure-related mortality, graft failure, etc.
b) Submit to FDA a 15 day "alert report" for each serious infusion reaction associated with

administration of CLEVECORD.
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Apligraf / Gintuit

KEAGRAE/ME A ¢ 2012 (Regular Approval) / NA

i & © a surgically created vascular wound bed in the treatment of mucogingival conditions in adults

1 R FBEEE ¢ Surgical intervention is warranted when the inflammation and/or gingival attachment

loss can no longer be controlled with conservative oral hygiene measures. The main objective of

periodontal mucogingival surgical procedures is to arrest or reduce the risk of gingival attachment loss.

Soft tissue autografts, such as the free gingival grafts (FGG), are widely used for the treatment of

mucogingival conditions.

YEFI#%FF : The mechanism of action by which Gintuit increases keratinized tissue at the treated site

has not been identified. In vitro studies have shown that Gintuit secretes human growth factors and

cytokines, and contains extracellular matrix proteins. Growth factors, cytokines, and extracellular matrix

proteins are known to be involved in wound repair and regeneration.

T — X N — U . <NA(P2) > 05-PER-001 (N=25/6M) was a randomized, single-center,

within-subject controlled, pilot study. The study population consisted of adults with an insufficient

zone of attached gingiva that required soft tissue grafting. The first three subjects participated as training

subjects and were not included in the efficacy analysis (n=22 for efficacy analysis). <P3>06-PER-

002 (N=96/6M) was a randomized, within-subject controlled, pivotal, multicenter (four sites in US) trial

of 96 subjects with insufficient zone (< 1 mm) of attached gingiva requiring soft tissue grafting. Eleven

of the 96 subjects participated as training subjects and were not included in the efficacy analysis (n=85

for efficacy analysis).

PERAE IR

<NA(P2)>05-PER-001
Efficacy : The primary efficacy endpoint was the change in the amount of attached gingiva at Month
6 compared between treatments. (Gintuit vs free gingival graft). Keratinized tissue (KT) width was a
secondary endpoint. At six months, Gintuit sites in 14/22 (63.6%) subjects showed an increase in
attached gingiva, compared to 21/22 (95%) for control sites. The mean increase in attached gingival
was 0.85 mm (95% CI 0.48, 1.21) for Gintuit sites and 2.43 mm (95% CI 2.06, 2.79) for control sites.
Thus, Gintuit failed to demonstrate non-inferiority to control for the primary efficacy endpoint. For
the secondary endpoint, keratinized tissue (KT) width, at six months, at least 2 mm of KT width was
established in 18/22 (81.8 %) of Gintuit sites and in 22/22 (100%) control sites. Gintuit was
numerically superior to control for the following secondary endpoints: tissue color, texture matching,
and patient preference. Based on the results of Study 05-PER-001, the Applicant chose an increase
in KT as the primary efficacy endpoint in the subsequent study, 06-PER-002.
Safety : There were no deaths, serious adverse events, or subject drop-outs and the investigators did

not consider any adverse events to be related to Gintuit treatment.

< P3>06-PER-002 (N=96/6M)
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Efficacy : The primary efficacy was measured as the percentage of Gintuit sites with >2 mm KT
at six months, using a superiority comparison to a pre-defined standard (50% success) in a single-
arm comparison. Eighty-one of the 85 subjects (95.3%) met success criteria of >2 mm KT at the
Gintuit site. Although success was not compared to control for the primary efficacy endpoint, all
85 subjects met the primary endpoint at the control site. There were six secondary efficacy
endpoints, pre-specified and conducted sequentially. Gintuit was found statistically superior to
control for color matching, texture matching, and patient preference, but it was not found to be
superior to control for the last two secondary endpoints (surgical site sensitivity and absence of
pain after three days).

Safety : Three SAEs were reported during the study and all three adverse events were assessed by
the investigator to be either not related (pneumonia and chest pain) or of unlikely relationship
(metastatic malignant fibrous histiocytoma). Two non-oral malignancies were reported. There were

no reported serious immunologic AEs.

(7) FERplEBE=ax—a3 A b

Clinical Review

Efficacy : Based on the results of Studies 05-PER-001 and 06-PER-002, and considering the
deliberations of the Advisory Committee, the BLA contains substantial evidence of the
effectiveness of Gintuit for increasing KT. Efficacy review issues include the following.- Based on
the results of Study 05-PER-001, the amount of KT, rather than the amount of attached gingiva,
was selected as the primary efficacy endpoint for Study 06-PER-002. However, the amount of
attached gingiva is more clinically meaningful than the amount of KT. - In Study 06-PER-002, the
primary efficacy outcome of 2 mm KT at the Gintuit site was compared to a 50% success rate. The
clinical meaningfulness of a 50% success rate is unclear. However, efficacy results for 06-PER-
002 showed that 95% of Gintuit-treated sites met the primary efficacy endpoint. The duration of
treatment outcome of Gintuit beyond six months has not been evaluated in clinical trials. The
efficacy of repeat applications of Gintuit for oral indications has not been evaluated in clinical trials.
The geriatric and race/ethnicity demographic subgroups were under-represented in the oral clinical
studies.

Safety : Based on the results of Studies 05-PER-001, 06-PER-002, 07-PER-004 (third early-phase
study that placed Gintuit in a submerged) and post-marketing data, the overall risk profile
associated with Gintuit for topical application in the treatment of mucogingival conditions is

acceptable in adults.

Statistical Review

Sample size consideration
(05-PER-001)
The trial was designed to demonstrate non-inferiority between treatment and control in the change

in amount of attached gingiva over the 6-month observation period. The primary hypothesis tested
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was HO: D <= -1 mm vs. Ha: D > -1 mm, where D = mean difference within subjects (treatment
change over 6 months — control change over 6 months).
(06-PER-002)
The primary hypothesis tested for the primary endpoint of KT > 2 mm with Apligraf was HO:mc <=
0.50 against HA:mc > 0.50 where nc is the proportion of Apligraf-treated sites with KT > 2 mm at
6 months. This hypothesis was tested by comparing the lower onesided 95% exact binomial
confidence limit for proportion of Apligraf-treated sites with KT >2 mm to 0.50. It is not clear why
50% was chosen as the benchmark success rate, nor is it clear why the sponsor chose to use a one-
sided o = .05 instead of the more conventional one-sided a = .025 for this analysis. However, as
discussed below, the success rate observed was well above 50% which resulted in the rejection of
the null hypothesis even at o = 0.025.
- 1.3 Major Statistical Issues and Findings
I did not identify any major statistical issues that would affect the interpretation of the results of
the pivotal trial, 006-PER-002-CTX. The statistical analyses were appropriately chosen and
correctly performed as prespecified in the study protocol. I was able to reproduce the primary
analyses of all primary and secondary efficacy endpoints using the SAS datasets submitted by the
sponsor.
The primary efficacy endpoint and most secondary efficacy endpoints (probing depth,
recession, clinical attachment, attached gingiva, keratinized tissue width, plaque index)
were analyzed with a repeated measure analysis of covariance (ANCOVA), with within subject
terms for treatment and controlling for baseline values of the efficacy variables. The sponsor used
Friedman’s test for related outcomes to test for differences in patient perceptions of duration of
pain, bleeding, swelling, and sensitivity among surgical sites. The Wilcoxon signed rank test was
used to compare other secondary variable scores at each time point postoperatively (inflammation
scores, change in bleeding on probing, muscle pull, patient preference and tissue color and texture).
on, historic comparison, large amount of missing data, and different patient populations.
(8) Dl
Post marketing study
The purpose was to evaluate the safety and effectiveness of Gintuit for topical (non-submerged)
application to a surgically created vascular wound bed in the treatment of mucogingival conditions in

children between the ages of 12 to18 years. (N=25)
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HPC, Cord Blood / Hemacord
K E KGR/ ATSE ¢ 2011 (Regular Approval) / NA
i S : For use in unrelated donor hematopoietic progenitor cell transplantation procedures in
conjunction with an appropriate preparative regimen for hematopoietic and immunologic reconstitution
in patients with disorders affecting the hematopoietic system that are inherited, acquired, or result from
myeloablative treatment
1 R FBEEE © HPC transplantation is not indicated as primary therapy for almost all hematologic
malignancy and related neoplastic disorders. Primary therapy generally consists of conventional
chemotherapy with or without additional radiation, depending on the specific disorder. A risk based
approach is used for the application of HPC transplantation, depending on the disease, disease status,
and donor type available. There are no HPC-C products licensed in the US at this time.
YERI#%FF © Hematopoietic stem/progenitor cells from HPC, Cord Blood, migrate to the bone marrow
where they divide and mature. The mature cells are released into the bloodstream, where some circulate
and others migrate to tissue sites, partially or fully restoring blood counts and function, including
immune function, of blood-borne cells of marrow origin. however, the precise mechanism of action is
unknown.
T — % 3 - — A : The applicant did not conduct any clinical trials to assess the efficacy of
Hemacord. The effectiveness of HPC, Cord Blood, as defined by hematopoietic reconstitution, was
demonstrated in one single-arm prospective study (COBLT Study, N=324), and in retrospective reviews
of data from an observational database for Hemacord (N=155) and data in the dockets(N=1299).
RS L« There is no pre-specified primary endpoint because no clinical trial was conducted. The
cumulative incidence of neutrophil recovery of Hemacord appeared comparable to that of the HPC,
Cord Blood products that contributed to the docket data and the COBLT study. (Hemacord 83%; Docket
77%; COBLT 76%)
Fhrba—aXsh

Clinical Review

- Efficacy : Overall, the totality of the data supports the use of Hemacord in conjunction with an
appropriate preparative regimen for treatment of disorders affecting the hematopoietic system. The
degree of success, however, appears to depend on the TNC dose and HLA match, and the data on
time to hematopoietic recovery do not support use of HPC-C when HPC-M or HPC-A from a
suitably matched donor is available.

- Safety : The safety review emphasized early deaths, delayed hematopoietic recovery and graft
failure, acute graft-vs-host disease (GVHD), engraftment syndrome, infusion reactions, and
transmission of malignancy, infection or a genetic disorder from the donor to the recipient.

Statistical Review
Overall, the totality of the data available support a favorable risk benefit for HPC-C transplantation

for the treatment of infantile onset Krabbe Disease.
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Post marketing requirement
The results of the safety review suggest that the concentration and volume of Dextran 40 in the final
preparation for infusion may be a contributory factor for infusion reactions. In vitro study to determine
the lowest concentration of Dextran 40 that can be used without impairing the product function is

recommended.
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HPC, Cord Blood / HPC, Clinimmune Labs, University of Colorado Cord Blood Bank
KEAGRAE/ME A ¢ 2012 (Regular Approval) / NA
i S : For use in unrelated donor hematopoietic progenitor cell transplantation procedures in
conjunction with an appropriate preparative regimen for hematopoietic and immunologic reconstitution
in patients with disorders affecting the hematopoietic system that are inherited, acquired, or result from
myeloablative treatment
1 )5 BAEEL . HPC, Cord Blood has been used as a source of HPCs for transplantation to treat a
variety of diseases affecting the hematopoietic system, such as hematological malignancies,
hematological non-malignant disorders, primary immunodeficiency, and inborn errors of metabolism.
In 2011, FDA approved HPC-C manufactured by New York Blood.
YERI#%FF © Hematopoietic stem/progenitor cells from HPC, Cord Blood, migrate to the bone marrow
where they divide and mature. The mature cells are released into the bloodstream, where some circulate
and others migrate to tissue sites, partially or fully restoring blood counts and function, including
immune function, of blood-borne cells of marrow origin. however, the precise mechanism of action is
unknown.
T — & /3 - — A : The applicant did not conduct any clinical trials to assess the efficacy of HPC
manufactured by Clinimmune Labs. The effectiveness of HPC, Cord Blood, as defined by hematopoietic
reconstitution, was demonstrated in one single-arm prospective study (COBLT Study, N=324), and in
retrospective reviews of data from an observational database for HPC manufactured by Clinimmune
Labs (N=220) and data in the dockets(N=1299).
#0555 - There is no pre-specified primary endpoint because no clinical trial was conducted. However,
FDA review used neutrophil and platelet recovery as the indicators of hematopoietic reconstitution. The
cumulative incidence of neutrophil recovery of HPC manufactured by Clinimmune Labs appeard
comparable to that of the HPC, Cord Blood products that contributed to the docket data and the COBLT
study. (HPC manufactured by Clinimmune Labs 79%; Docket 77%; COBLT 76%)
Tl Ea—a A b
Clinical Review
- Efficacy : The docket data are substantial evidence of effectiveness of HPC, Cord Blood produced
by Clinlmmune. Data in the published literature, from the COBLT study, and from experience with
the Clinlmmune Labs product, provide supportive evidence of effectiveness.
The HPC manufactured by Clinimmune Labs data do not include information regarding
immunologic reconstitution. However, based on the analyses of the Docket data and supported by
the publicly available data, HPC, Cord Blood has demonstrated the ability of immunologic
reconstitution for patients transplanted for primary immunodeficiency as well as for other
malignant and nonmalignant disorders.
- Safety : The risks associated with HPC manufactured by Clinimmune Labs include early death,

infusion reactions, GVHD, and transmission of malignancy, infection, or a genetic disorder from
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the donor to the recipient.

Statistical Review

- 5.2.4 Statistical Considerations : Methodologies used in this review are primarily descriptive. This
review does not intend to replicate the applicant’s statistical analyses because slightly different
datasets were used to report results in this review memo (see Table 1). In addition, for the analysis
of hematopoietic recovery, the competing risk model treating death as a competing risk was used
in this review, while the applicant excluded from the analysis those patients who died.
(8) Zfh

Standard post-marketing surveillance
a) Implement a safety outcomes monitoring and analysis plan including 1) maintenance of an
observational database, 2) aggregate analyses of interval and cumulative adverse experience reports,
and 3) safety outcomes analyses of interval and cumulative data that address early mortality, graft
failure-related mortality, graft failure, etc.
b) Submit to FDA a 15 day "alert report" for each serious infusion reaction associated with

administration.
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HPC, Cord Blood / HPC, MD Anderson Cord Blood Bank (MDACBB)
KEAGRAE/ME A 2018 (Regular Approval) / NA
i S : For use in unrelated donor hematopoietic progenitor cell transplantation procedures in
conjunction with an appropriate preparative regimen for hematopoietic and immunologic reconstitution
in patients with disorders affecting the hematopoietic system that are inherited, acquired, or result from
myeloablative treatment
1 )5 BAEEL . HPC, Cord Blood has been used as a source of HPCs for transplantation to treat a
variety of diseases affecting the hematopoietic system, such as hematological malignancies,
hematological non-malignant disorders, primary immunodeficiency, and inborn errors of metabolism.
Currently there are 7 licensed HPC, Cord Blood products.
YERI#%FF © Hematopoietic stem/progenitor cells from HPC, Cord Blood, migrate to the bone marrow
where they divide and mature. The mature cells are released into the bloodstream, where some circulate
and others migrate to tissue sites, partially or fully restoring blood counts and function, including
immune function, of blood-borne cells of marrow origin. however, the precise mechanism of action is
unknown.
T — & s\ - — A : The applicant did not conduct any clinical trials to assess the efficacy of HPC
manufactured by MDACBB. The effectiveness of HPC, Cord Blood, as defined by hematopoietic
reconstitution, was demonstrated in one single-arm prospective study (COBLT Study, N=324), and in
retrospective reviews of data from an observational database for HPC manufactured by MDACBB
(N=846) and data in the dockets(N=1299).
% 7% 2L - There is no pre-specified primary endpoint because no clinical trial was conducted. However,
FDA review used neutrophil and platelet recovery as the indicators of hematopoietic reconstitution. The
cumulative incidence of neutrophil recovery of HPC manufactured by MDACBB appeared comparable
to that of the HPC, Cord Blood products that contributed to the docket data and the COBLT study. (HPC
manufactured by MDACBB 88%; Docket 77%; COBLT 76%)
FERLEa—a A b
Clinical Review
- Efficacy : This BLA provides substantial evidence that the MDACBB HPC, Cord Blood is effective
for the proposed indication. The MDACBB dataset does not include information regarding
immunologic reconstitution. However, based on the analyses of the docket data and supported by
the publicly available data, HPC, Cord Blood has demonstrated the ability for immunologic
reconstitution for patients transplanted for primary immunodeficiency as well as for other
malignant and nonmalignant disorders.
- Safety : The safety review focused on adverse events (AEs) related to infusion reactions, deaths
(Day 100 mortality), graft-versus-host disease, engraftment syndrome, donor cell leukemia,
transmission of infection, and transmission of inheritable genetic disorders.

Statistical Review
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- Sample size considerations : In the COBLT Study, the target day-180 survival is 60%. A sample
size of 75 with a true survival proportion of 60% will provide 94% power to exclude a survival
probability of 40%.

- 4.4 Statistical : The data analyses are based on 846 patients who received a suitable allograft (TNC
>= 2.5 x 107/kg and ? 4/6 HLA match) with at least one unit of HPC, Cord Blood manufactured
by MDACBB. Due to the voluntary nature of data collection, missing data occurred for different
outcome variables.

(8) Zfh
Standard post-marketing surveillance
a) Implement a safety outcomes monitoring and analysis plan including 1) maintenance of an
observational database, 2) aggregate analyses of interval and cumulative adverse experience reports,
and 3) safety outcomes analyses of interval and cumulative data that address early mortality, graft
failure-related mortality, graft failure, etc.
b) Submit to FDA a 15 day "alert report" for each serious infusion reaction associated with

administration.
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HPC, Cord Blood / HPC, LifeSouth Community Blood Centers, Inc.
KEAGRAE/ME A ¢ 2013 (Regular Approval) / NA
i S : For use in unrelated donor hematopoietic progenitor cell transplantation procedures in
conjunction with an appropriate preparative regimen for hematopoietic and immunologic reconstitution
in patients with disorders affecting the hematopoietic system that are inherited, acquired, or result from
myeloablative treatment
1 )5 B - The categories of disorders for which hematopoietic and immunologic reconstitution
is required include malignancies, metabolic disorders, marrow failure, hemoglobinopathy,
immunodeficiency, and certain autoimmune disorders. FDA has approved three HPC, Cord Blood
products for the same indication as in this BLA.
YEFI#%FF © Hematopoietic stem/progenitor cells from HPC, Cord Blood, migrate to the bone marrow
where they divide and mature. The mature cells are released into the bloodstream, where some circulate
and others migrate to tissue sites, partially or fully restoring blood counts and function, including
immune function, of blood-borne cells of marrow origin. however, the precise mechanism of action is
unknown.
T —H s\ ir— A : The applicant did not conduct any clinical trials to assess the efficacy of HPC
manufactured by LifeSouth. The effectiveness of HPC, Cord Blood, as defined by hematopoietic
reconstitution, was demonstrated in one single-arm prospective study (COBLT Study, N=324), and in
retrospective reviews of data from an observational database for HPC manufactured by LifeSouth
(N=22) and data in the dockets(N=1299).
%A% 2L - There is no pre-specified primary endpoint because no clinical trial was conducted. However,
FDA review used neutrophil and platelet recovery as the indicators of hematopoietic reconstitution. The
cumulative incidence of neutrophil recovery of HPC manufactured by LifeSouth appeared comparable
to that of the HPC, Cord Blood products that contributed to the docket data and the COBLT study. (HPC
manufactured by LifeSouth 91%; Docket 77%; COBLT 76%)
FERLEa—a A b
Clinical Review
- Efficacy : LifeSouth HPC, Cord Blood can function as an alternative source of hematopoietic
progenitor cells for hematopoietic and immunologic reconstitution in patients with diseases
affecting the hematopoietic system that are inherited, acquired, or result from myeloablative
treatment. The LifeSouth HPC, Cord Blood data do not include information to evaluate
immunologic reconstitution following LifeSouth HPC, Cord Blood transplantation. However,
based on the docket and public data, HPC, Cord Blood has demonstrated a benefit in immunologic
reconstitution for patients transplanted for primary immunodeficiency as well as for other
malignant and nonmalignant disorders
- Safety : The risks associated with LifeSouth HPC, Cord Blood transplantation are serious and

potentially fatal. The adverse events include early death, infusion reactions, graft versus host
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disease (GVHD), and graft failure.
Statistical Review

- 4.4 Statistical : The analyses of the LifeSouth HPC, Cord Blood data are based on a subset of
patients, who received a single infusion of LifeSouth HPC, Cord Blood. Due to the voluntary nature
of data collection, missing data occur in various degrees for different variables, and multiple
miscodings and inconsistencies are present within the dataset.

(8) Z A

+ Standard post-marketing surveillance
a) Implement a safety outcomes monitoring and analysis plan including 1) maintenance of an
observational database, 2) aggregate analyses of interval and cumulative adverse experience reports,
and 3) safety outcomes analyses of interval and cumulative data that address early mortality, graft
failure-related mortality, graft failure, etc.
b) Submit to FDA a 15 day "alert report" for each serious infusion reaction associated with

administration.
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HPC, Cord Blood / HPC, Bloodworks
KEAGRAE/ME A ¢ 2016 (Regular Approval) / NA
i S : For use in unrelated donor hematopoietic progenitor cell transplantation procedures in
conjunction with an appropriate preparative regimen for hematopoietic and immunologic reconstitution
in patients with disorders affecting the hematopoietic system that are inherited, acquired, or result from
myeloablative treatment
1 )5 B« The categories of disorders for which hematopoietic and immunologic reconstitution
is required include malignancies, metabolic disorders, marrow failure, hemoglobinopathy,
immunodeficiency, and certain autoimmune disorders. FDA has approved five HPC, Cord Blood
products for the same indication as in this BLA.
YEFI#%FF © Hematopoietic stem/progenitor cells from HPC, Cord Blood, migrate to the bone marrow
where they divide and mature. The mature cells are released into the bloodstream, where some circulate
and others migrate to tissue sites, partially or fully restoring blood counts and function, including
immune function, of blood-borne cells of marrow origin. however, the precise mechanism of action is
unknown.
T — & 3 - — A : The applicant did not conduct any clinical trials to assess the efficacy of
Puget Sound Blood Center Program Cord Blood Services (PSBC) HPC. The effectiveness of HPC, Cord
Blood, as defined by hematopoietic reconstitution, was demonstrated in one single-arm prospective
study (COBLT Study, N=324), and in retrospective reviews of data from an observational database for
PSBC HPC and data in the dockets(N=1299).
%A% 2L - There is no pre-specified primary endpoint because no clinical trial was conducted. However,
FDA review used neutrophil and platelet recovery as the indicators of hematopoietic reconstitution. The
cumulative incidence of neutrophil recovery of PSBC HPC appeared comparable to that of the HPC,
Cord Blood products that contributed to the docket data and the COBLT study. (HPC manufactured by
Bloodworks 82%; Docket 77%; COBLT 76%)
FERLEa—a A b
Clinical Review
- Efficacy : PSBC HPC, Cord Blood can function as an alternative source of hematopoietic
progenitor cells for hematopoietic and immunologic reconstitution in patients with diseases
affecting the hematopoietic system that are inherited, acquired, or result from myeloablative
treatment. The PSBC HPC, Cord Blood data do not include information regarding immunologic
reconstitution. However, based on the analyses of the docket data and supported by the public data,
HPC, Cord Blood has demonstrated the ability of immunologic reconstitution for patients
transplanted for primary immunodeficiency as well as for other malignant and nonmalignant
disorders.
- Safety : The risks associated with PSBC HPC, Cord Blood transplantation are serious and

potentially fatal. The adverse events include early death, infusion reactions, graft versus host
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disease (GVHD), and graft failure.

Statistical Review

- 4.4 Statistical : The analyses of the PSBC HPC, Cord Blood data are based on a subset of patients,
who received a single infusion of PSBC HPC, Cord Blood. Due to the voluntary nature of data
collection, missing data occur in various degrees for different variables.

(8) A

Standard post-marketing surveillance
a) Implement a safety outcomes monitoring and analysis plan including 1) maintenance of an
observational database, 2) aggregate analyses of interval and cumulative adverse experience reports,
and 3) safety outcomes analyses of interval and cumulative data that address early mortality, graft
failure-related mortality, graft failure, etc.
b) Submit to FDA a 15 day "alert report" for each serious infusion reaction associated with

administration.
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Talimogene laherparepvec/ Imlygic

KEAGRAE/ME AL 2015 (Regular Approval) / NA

j# Jts : local treatment of unresectable cutaneous, subcutaneous, and nodal lesions in patients with

melanoma recurrent after initial surgery

1R B © Melanoma is the most aggressive skin cancer. Melanoma that has spread to multiple

regional nodal sites or presents with in-transit/satellite lesions (Stage [l B/C) is infrequently curable. The

current standard care options for initial treatments include IL-2, immune checkpoint

inhibitor(ipilimumab) and BRAF signal transduction inhibitors (e.g. vemurafenib, debrafenib and

trametinib). Both ipilimumab and vemurafenib have been shown to prolong OS. debrafenib and

trametinib showed an effect on progression-free survival (PFS). PD-1 inhibitors (pembrolizumab and

nivolumab) were granted Accelerated Approval based on durable objective response or PFS.

YE H#% ¥ : An attenuated herpes simplex virus type 1 (HSV-1), engineered to express human

granulocyte macrophage colony stimulating factor (GM-CSF) to enhance the response to tumor antigens

released during virus replication

TRl — UG ¢ <P3>005/05% (N=436 (Stage IIB/C and 1IV): 295 active, 141 GM-CSF,

12 or 18M) randomized, open-label, GM-CSF controlled study <P3>005/05-E( N=30, 12M) open-

label, single-arm, extension study

AR AR -

<P3>005/05 (N=436/12 or 18M)
Efficacy : The primary efficacy endpoint was durable response rate (DRR), defined as the
percentage of subjects with complete response (CR) or partial response (PR). Subjects who
received talimogene laherparepve had a statistically significant higher DRR (15.6% vs 1.4%;
p<0.0001). OS was a secondary endpoint. There was no significant OS benefit in the ITT(p=0.051).
Safety : Talimogene laherparepvec was well-tolerated. There is a concern that the risk to close
family contacts and medical personnel from the talimogene laherparepvec.

TRl Ea—aAr b

Clinical Review

- Efficacy : FDA confirmed that that the difference in DRR was statistically significant between
talimogene laherparepvec and GM-CSF. Effectiveness appeared to be greater in the subjects with
localized stage II B/C subgroups. In terms of OS, there was no significant benefit in the
ITT(p=0.051).However, an exploratory subgroup analysis suggests that overall survival may be
better in the stage IIIB/C patients.

- Safety : Talimogene laherparepvec had no unexpected risks, The events reported were consistent
with the use of alive oncolytic virus. AEs were primarily low grade. There is a concern that the risk
to close family contacts and medical personnel from the talimogene laherparepvec. The risk will
be addressed by post-marketing pharmacovigilance testing.

- Others : Some members of the review team do not accept DRR as clinically meaningful, but
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consider DRR as a surrogate endpoint. Therefore, they have recommended Accelerated approval.
However, others accept DRR as clinically meaningful, particularly in consideration of statements
during the Advisory Committee meeting. At the advisory committee meeting, patients and
caregivers spoke of the value, both cosmetic and psychological, of watching their skin lesions
disappear. There were also a few subjects who had the benefit of having their unresectable lesions
become resectable. In addition, the Advisory committee votes strongly in favor of regular approval.
Therefore, the DRR is sufficient for regular approval.
Statistical Review

- Sample size consideration
The trial was designed to randomize 430 subjects at a 2:1 ratio, to yield 360 subjects evaluable for
DR. The trial would have 90% power, at a size 0.05 2-sided test, to detect a DRR difference of 13%
(IMLYGIC®) versus 3% (GM-CSF), or 21% versus 8%. The decision to set the primary analysis
of the OS at 290 deaths was made in one of the revisions to the protocol and SAP. The applicant
stated that with 290 events, there would be 90% power to detect a hazard ratio of 2/3.

- Others

The documents, including the protocol, SAP, data monitoring committee (DMC) charter, and
endpoint assessment committee (EAC) charter, sometimes contain inconsistencies or ambiguities in
their description of the same design element. This review is based on this reviewer’s best
understanding at such occurrences.

Study 005/05 excluded the most advanced patients, who the applicant postulated might not benefit
from any delayed immune effect. Therefore, subjects in Study 005/05 had less tumor burden on
average than subjects enrolled in the confirmatory trials supporting the traditional or accelerated
approvals of the agents described in Section 2.2. More details in the comparison of the composition
of the treated populations in these trials can be found in the applicant’s briefing document (p.19
andp.35) for the AC meeting. Study 005/05 consists of 30% IIIB/C, 27% IVMIla, 21% IVM1b, and
22% IVMlec.

In what follows, I provide a high-level summary of the assessment procedures and schedule for DR
and OS. The assessment of DR was quite complex, involving considerations of new lesions,
previously unresectable lesions now becoming resectable, among other issues. The ultimate
evaluation of matters related to DRR is deferred to the clinical review team..

() T fth
Background
At time of protocol initiation, no therapies were available with demonstrable OS advantage. Therefore,
DRR was considered to be an acceptable primary endpoint. Subsequently ipilimumab was approved on
the basis of a survival advantage.
Post marketing study

Open-label, single-arm, observational cohort multicenter study (920 pts) will be conducted to evaluate
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transmission of talimogene laherparepvec.
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Tisagenlecleucel / Kymriah
K EAGRAE MR A © D2017(B-ALL, Regular Approval), @2018 (DLBCL, Regular Approval)
/ Priority review, Breakthrough therapy designation, Orphan designated
i)t : @ Patients up to 25 years of age with B-cell precursor acute lymphoblasticleukemia (B-ALL)
that is refractory or in second or later relapse. (@Adult patients with relapsed or refractory (r/r) large B-
cell lymphoma after two or more lines of systemic therapy including diffuse large B-cell lymphoma
(DLBCL) not otherwise specified, high grade B-cell lymphoma and DLBCL arising from follicular
lymphoma.
1 )5 B . (DAcute lymphoblastic leukemia can be of B- or T-cell origin. Each year 3100 new
cases are seen in children and adolescents in the U.S. Approximately 80-85% of pediatric ALL diagnosis
is B-cell precursor in origin and CD19 positive. Available FDA-approved therapies do not provide
sustained remissions Single agent approved therapies given alone had an ORR of 10-33%. @DLBCL,
which comprises 25-30% of non-Hodgkin lymphomas (NHLs), typically presents with rapid
enlargement of lymphoid tissue at one or more sites. It is an aggressive disease, and without effective
treatment survival is measured in months. Axicabtagene ciloeucel (YESCARTA), an CD19-directed,
geneticallymodified, autologous T cell immunotherapy was approved. YESCARTA produced a 72%
overall response rate (ORR) with 51% CR.
YEFIBE © When CAR binds to CD19 positive cells, it transmits a signal to promote T-cell activation,
expansion, target T-cell elimination and persistence of tisagenlecleucel cells.
T—H Ny i — RS 0 <P2>B2202 (B-ALL N=75, 3-21 years) open-label, single-arm, multi-
center study, A2205B (B2202 follow-up ), C2201 (DLCBLN=106, = 18 years) open-label, single-arm,
multi-center study
PR
(DB-ALL
<P2>B2202 (N=175)
Efficacy : The primary endpoint was overall remission rate (ORR)during 3 months after
administration. ORR includes complete remission (CR) and CR with incomplete hematologic
recovery (CRi), as determined by an independent review committee (IRC). The efficacy analysis
population is limited to the 63 patients due to insufficient information of manufacturing at some
sites. ORR was 82.5% (52/63) including 40 CR and 12 CRi. The durable CR that FDA has used
was 63%.
Safety : The adverse reactions of interest were cytokine release syndrome (CRS)(Grade3-4:49%),
neurological events, febrile neutropenia, prolonged cytopenias and infections. In terms of CRS,
47% of all patients in the safety population required ICU admission. Two fatal outcomes were
related to severe CRS.
@DLBCL
<P2>C2201 (N=106)
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Efficacy : The ORR in the evaluable efficacy set (N=68) was 50% (95% CI: 37.6, 62.4) with 32.4%
CR.

Safety : Seventy eight of 106 (74%) subjects treated with KYMRIAH experienced CRS, and 23 of
78 (29%) of the subjects had CRS of Grade 3 or higher. In addition, 58% (62 of 106) of subjects

experienced neurotoxicity (Grade3-5:18%),

(7 FHRLEa2—a Xk

Clinical Review
(DB-ALL

Efficacy : The results of B2202 exceeds the results of clofarabine and blibnatumomab. Most
importantly, the 63% CR is notable. The high CR rate, durability of CR, and minimal residual
disease (MRD) are sufficiently remarkable to warrant regular approval.

Safety : Overall the safety profile for tisagenlecleucel has been manageable in IND setting.

To enhance safety, FDA concluded that there should be a comprehensive plan to insure safety after
licensure. First, the product label should address with warnings and precautions for the key safety
issues, and convey a treatment grading system and algorithm for CRS. There will be a risk
evaluation and mitigation strategy (REMS) with an element to assure safety use (ETASU) to assure

the safe use. Lastly, there will be a post marketing observational study.

@DLBCL

Efficacy : ORR was 50% with a CR rate of 32%, and the median duration of response for responders
has not yet been reached after a median follow-up of 9.4 months. This response rate exceeds that
previously reported for standard chemo-immunotherapy.

Safety : The risks of KYMRIAH can be linked to its mechanism of action. Cytokine release
syndrome and neurotoxicity presumably linked to T cell activation-products occurred in 65% and
79% of patients respectively, and both complications can be life-threatening or fatal.
Hypogammaglobulinemia resulting from CAR T cell attack on normal CD19+ B cells may persist
for months requiring monitoring and replacement therapy. A potential risk of clonal mutagenesis
or secondary malignancy associated with the use of a lentivirus vector cannot be excluded. the
review team concludes that the BLA efficacy and safety data indicate a favorable risk/benefit

profile.

Statistical Review
(DB-ALL

Sample size consideration

Based on the null hypothesis of ORR < 20% and alternative hypothesis of ORR >20%, up to 76
patients in the FAS will provide more than 95% power to demonstrate a statistical significance at
one-sided 2.5% level of significance, if the underlying ORR is 45%.

Accounting for the patients to assess KYMRIAH manufactured from the Fraunhofer Institute, and
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assuming 20% to 25% enrolled patients will not be infused due to reasons such as KYMRIAH
product manufacturing issues, worsening of patient’s condition, etc., approximately 95 patients
were planned for the study.

- Analysis population
The 50 subjects were the planned sample size of the original protocol and there was no interim
analysis in the original protocol. As the applicant expanded the study and enrolled more subjects
(protocol amendment #4), the original final analysis is now an interim analysis.

- Statistical method
Since the study doesn’t plan to stop to claim efficacy at the interim, it is not needed to spend o at
the interim. In this review memo, the interim analysis is ignored and the final analysis will use the

whole two-sided o of 0.05.

(8) Zfh
Post marketing study
(DB-ALL
Multicenter, prospective, observational, planned safety study (B2401, N=1000) to assess the risk
of replication-competent retrovirus (RCR), persistence, and the potential for insertional
mutagenesis with tisagenlecleucel that is transduced with a lentivirus. All enrolled subjects will be
followed for 15 years from their KYMRIAH infusion.
@DLBCL
The post marketing study protocol for B2401 will be amended to include 1500 DLBCL patients
who received KYMRIAH. The patients will be enrolled over a 5-year period with enrollment of
each subject to begin within 3 months of KYMRIAH infusion. Patients will receive clinical
evaluation and follow-up as per standard of care for patients with relapsed/refractory aggressive B-
cell non-Hodgkin lymphoma.
Excluded patients from C2201 efficacy analysis
The applicant identified a cohort of 92 patients treated with KYMRIAH manufactured at the Morris
Plains (MP) New Jersey facility as the efficacy analysis set. On review, the FDA judged 23 of these
patients as unevaluable for efficacy analysis because documentation of continued measurable

disease between completion of bridging chemotherapy and KYMRIAH infusion were not available.
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Fibrocall Technologies / Laviv

K E KGR/ ATSE ¢ 2011 (Regular Approval) / NA

)5 : Improvement of the appearance of moderate to severe nasolabial fold wrinkles in adults

1 SR FBEEE © The visible appearance of aging, especially facial wrinkles and folds, are common

effects that patients seek to reduce. Options for the treatment of facial lines, wrinkles and folds include

surgery, neurotoxins, structural dermal fillers, lasers, non-ablative therapies, microdermabrasion and

chemical peels.

YEFI#%FF : The mechanism of action has not been demonstrated. (No preclinical studies were conducted

by the applicant.)

T —H X — U . <P3>IT-R-005(N=203, 15M, nasolabial fold wrinkles) double-blind,

randomized and vehicle-controlled study, -« IT-R-006(N=218, 15M, nasolabial fold wrinkles) double-

blind, randomized and vehicle-controlled study <Required additional study for resubmission> IT-H-001

(N=29, 12M, skin biopsy study using subjects from previous studies)

ARG R

<P3> IT-R-005 (N=203)
Efficacy : The co-primary efficacy endpoints are 1) proportion of subjects with at least 2-point
improvement from baseline to 6 months on both sides of face in Evaluator Wrinkle Assessment
(EWA) and 2) proportion of subjects with at least 2-point improvement from baseline to 6 months
in Subject Wrinkle Assessment (SWA). The success rates of azficel-T vs. vehicle-control in the
EWA were 33% vs.7%(p<0.0001); and the success rates in SWA were 57% azficel-T vs. 30%
control (p=0.0001).
Safety : The overall TEAE rates were balanced between groups; however, injection-site erythema
(28% azficel-T vs. 19% control) and swelling (22% azficel-T vs. 16% control) occurred at a higher
rate in the [T-treated group.

<P3> IT-R-006 (N=218)
Efficacy : The co-primary endpoints were same as those of IT-R-005. The success rates of azficel-
T vs. vehicle-control in the EWA were 19% vs.7%(p=0.0075); and the success rates in SWA were
45% azficel-T vs. 18% control (p<0.0001).
Safety : The overall TEAE rates were balanced between groups.

<Required additional study > IT-R-006 (N=29)
Safety : Abnormal fibroblasts were not observed in skin biopsy samples. Mild inflammatory
infiltrate was found at three months (50% of azficel-T sites; 6.5% of saline-treated sites; 7% of
untreated sites). This mild inflammatory infiltration decreased at the 6-month biopsy.

FhlEa—aXxr b

Clinical Review
(DFirst submission

Although the overall results of azficel-T were statistically superior to vehicle-control with respect
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to the primary endpoints, the following clinical issues were identified: 1) No information on the
bioactivities of azficel-T have been provided; 2) The mechanism of action for azficel-T has not
been studied; 3) The small subgroup size in the non-white, age forty and younger, elderly, and male
subjects may be inadequate to establish efficacy in these subgroups; 4) The efficacy of azficel-T
beyond 6 months has not been demonstrated; and 5) No studies have been conducted for the effects
of repeating treatment cycles of azficel-T.
Histopathological evaluations of biopsied samples after IT injection may reveal valuable
information regarding the function of injected cells and potential safety concerns. Some Cellular,
Tissue and Gene Therapies Advisory Committee (CTGTAC) members recommended that in vivo
histopathological studies be performed to provide in vivo information before approval.
(@Re-submission
The skin biopsy study was adequately designed and executed. The predominant finding of the study
is mild inflammatory infiltration in the superficial dermis in response to primarily the product
administration, a reaction that gradually decreased with time. This finding does not represent a
safety concern. The applicant has addressed all the clinical issues raised in the FDA Complete
Response (CR) letter, by providing skin biopsy study results, revised policies and procedures for
shipping error, a revised physician training manual, and a revised label. Based on review of the
safety data from 508 subjects in seven previous trials of azficel-T for facial wrinkles, histology and
clinical safety data from 29 subjects in the skin biopsy study, and the combined safety data from
another 129 subjects in five studies for other (i.e., non-wrinkle) indications, the safety and
tolerability of azficel-T are acceptable for the proposed indication.
Statistical Review
- Sample size consideration
Based on previous study results and experience in non-randomized studies, the applicant
estimated that the expected success rates for both endpoints would be somewhat higher than 40%
for IT and no more than 20% for controls. A sample size of 82 subjects per arm per study was
required to provide 80% power at a two-sided significance level of 0.05. At the IND stage, the
applicant planned to enroll 100 subjects per arm or a total of 200 subjects for each study. Each of
the co-primary efficacy endpoint was tested for superiority of IT to vehicle using Cochran-Mantel-
Haenszel (CMH) test stratified by site as the primary.
- 1.3 Major Statistical Issues and Findings
In study IT-R-006, sites 6100, 6300 and 6600 had considerably lower success rate for IT treatment
in Evaluator Wrinkle Severity Assessment than other sites. The success rates were 5.3% (1/19),
4.5% (1/22) and 10% (2/20) in the respective sites. Following the examination of relevant
information, evaluator assessment may be a potential factor.
The evidence of IT efficacy is limited for male and non-white subjects due to under-represented

subgroups.
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Only a total of 5 subjects (1%) aged <= 34 years old; and a total of 25 subjects (6%) aged <= 40
years old were randomized in the pivotal trials. Although the efficacy trend favors IT, the evidence
of IT efficacy is limited in this age group. Consequently, the proposed lower limit of age of 18
years old for the product may be an issue.

Observed numerically reverse efficacy trend in different co-primary endpoints for the two studies
in subjects aged 65 and older. These subjects accounted for 17% of study population.

As only efficacy data up to 6-month post-treatment are evaluated, long-term efficacy beyond 6-

month post-treatment has not been established.

(8) Zfh

* Post marketing study
The purpose of this registry study is to evaluate the incidence of rare pre-specified adverse events
over a two-year follow-up period after the treatment with the product. The targeted adverse events
include facial skin cancers near the product injection site and immune hypersensitivity reactions.
The study is designed to include 2700 patients who receive at least one injection of the product.
These subjects will be followed up at 1 to 2 weeks, 60 days, 1 year and 2 years.

* Background
FDA issued a Complete Response (CR) letter to the applicant in December 2009. The CR letter
includes 20 CMC, clinical, and labeling items. On December 22, 2010, the applicant resubmitted
the BLA with complete response to all FDA’s information requests in the CR letter. The applicant
has addressed all the clinical issues raised in the FDA Complete Response (CR) letter, by providing
skin biopsy study results, revised policies and procedures for shipping error, a revised physician
training manual, and a revised label. Based on review of the safety data from 508 subjects in seven
previous trials of azficel-T for facial wrinkles, histology and clinical safety data from 29 subjects
in the skin biopsy study, and the combined safety data from another 129 subjects in five studies for
other (i.e., non-wrinkle) indications, the safety and tolerability of azficel-T are acceptable for the

proposed indication.
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voretigene neparvovec-rzyl / Luxturna

K E KGR/ EE e SR A% 0 2017 (Regular Approval) / Priority review, Breakthrough therapy

designation, Orphan designated

i) : Biallelic RPE65 mutation-associated retinal dystrophy

1t i FE FB R - Biallelic RPE65 mutation-associated retinal dystrophy is a serious and sight-threatening

autosomal recessive genetic disorder. The visual function, including visual acuity and visual field, of

affected individuals declines with age, leading to total blindness in young adulthood. There are

approximately 1,000 to 3,000 patients with biallelic RPE65 mutation-associated retinal dystrophy in the

United States. There is no approved pharmacological treatment.

YEFI#%FF © Voretigene neparvovec-rzyl is a recombinant adeno-associated virus serotype 2 (AAV2)

vector expressing the gene for human retinal pigment epithelium 65 kDa 5 protein (hRPE65) and

designed to deliver a normal copy of the gene encoding the human RPE65 to cells of the retina in persons

lacking normal function of RPE65.

T—H N i — S <P1>101(N=12, biallelic RPE65 mutation-associated retinal dystrophy)

open-label, dose-escalation safety study using 3 doses, 102 (N=11 from 101, biallelic RPE65 mutation-

associated retinal dystrophy) a follow-on study 101 using the highest dose <<P3 >Phase 3 study (N=31

(including control: N=10), biallelic RPE65 mutation-associated retinal dystrophy) open-label,

randomized, controlled, cross-over study

AR IR

<P3>
Efficacy : The primary efficacy endpoint in the Phase 3 study was change in multi-luminance
mobility testing (MLMT) performance from Baseline to one year after LUXTURNA
administration. A median MLMT score change of two (2) was observed in the LUXTURNA
treatment group, while a median MLMT score change of zero (0) was observed in the control group,
when using both eyes or the first-treated eye. When using both eyes, 52% of the treatment group
had an MLMT score change of 2 or more. In contrast, only one patient (10%) of the control group
had a score change of 2. An MLMT score change of two or greater is considered a clinically
meaningful benefit for functional vision.
Safety : The most common adverse reactions (incidence > 5%) were conjunctival hyperemia,
cataracts, increased intraocular pressure, retinal tears, dellen (thinning of corneal stroma), macular
hole, eye inflammation, macular breaks, subretinal deposits, eye irritation, eye pain, and
maculopathies (wrinkling on the surface of the macula) (Table 8). These ocular adverse reactions
may have been related to LUXTURNA, the subretinal injection procedure, the concomitant use of
corticosteroids, or a combination of these procedures and products. Most of these ocular adverse
reactions were temporary and responded to medical management. There were two serious ocular
adverse reactions, including (1) endophthalmitis (infection inside of the eye) with a series of

subsequent complications as a result of the infection and the treatment, and (2) loss of vision due
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to fovea thinning as a result of the subretinal injection.
(7) ERVvE=2—aAx b
Clinical Review
The submitted data provide sufficient evidence of effectiveness for patients with confirmed biallelic
RPE65 mutation-associated retinal dystrophy. This conclusion is based on improvement in
functional vision, as determined by a significant difference in MLMT score change from Baseline
to Year 1 between the LUXTURNA treatment and control groups.
The more serious risks associated with subretinal administration of LUXTURNA include
endophthalmitis, permanent decline in visual acuity, increased intraocular pressure, retinal
abnormalities (e.g., retinal tears or breaks), and cataract development and/or progression. These
risks can be mitigated by routine medical management, appropriate labeling of Prescribing
Information (PI), and the post marketing plan proposed by the applicant. In the setting of
concomitant use of oral corticosteroid at the time of subretinal injection of LUXTURNA, the
immune response to AAV capsid and RPE65 was mild. Based on the magnitude and durability of
the treatment effect demonstrated in the Phase 3 study, and the unmet medical need, the review
team recommends regular approval for LUXTURNA.
Statistical Review
- Sample size consideration

With a 2:1 ratio, a total of 24 subjects (16 in the treatment group and 8 in the control group) would
provide nearly 100% power to detect a median MLMT score change of 1 or more for treatment arm
as compared to the control arm (no change) at a two-sided Type I error rate of 0.05. The sample
size and power calculation were based on simulations using a Wilcoxon rank sum test with an exact
p-value.

- Others

Four out of eight subjects in the treatment group had a baseline score of 5. As the maximum
MLMT score is 6, the greatest possible change score these subjects could achieve was 1. All four
of these subjects achieved their maximum change score of 1. This ceiling effect could lead to a
systematic underestimation of the effect of treatment.

(8) Tl
Post marketing study

The purpose is collecting safety and efficacy information for the 41 patients who
participated in Phase 1 and Phase 3 studies and are currently enrolled in the ongoing 15-year
long-term follow-up (LTFU) study.

Selection of a control group

The options included a parallel control, a contralateral eye or a historical control as a control.

Internal control with a contralateral eye is generally not appropriate because the treatment eye and

the contralateral eye may be at different stages of the disease, and the disease progression between
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eyes is not necessarily sufficiently similar over one to two years. In addition, both eyes need to be
treated to acheieve the optimal functional vision. Historical control may be used when the course
of the disease is predictable in a defined population and there is a similar group of patients
previously studied to serve as the historical control. Like open-label design, historical control is
susceptible to bias due to variability of the study populations.
+ Dose regimen

Three doses levels were tested in a total of 12 subjects in Phase 1. There was no clear dose

response with respects to bioactivity or preliminary efficacy, and no different safety signals were

identified in any of the three doses.
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® Autologous Cultured Chondrocytes on a Porcine Collagen Membrane / MACI

(1) KREKFFMEILFES : 2016 (Regular Approval) / NA

(2) # : The repair of single or multiple symptomatic, full-thickness cartilage defects of the knee with or
without bone involvement in adults

(3) EJSFEEMBEEE © Surgical techniques designed to repair damaged cartilage can relieve pain and restore
knee function. Most importantly, surgery can delay or prevent the onset of arthritis.The most common
procedures for knee cartilage repair and/or restoration are microfracture, auntrogous cultured
chondrocytes therapy, etc. The Carticel product, autologous expanded chondrocytes, is injected directly
into the cartilage defect and secyred using an autologous periosteal flap. However, this procedure may
lead to the development of graft overgrowth and arthrofibrosis, which may result in a need for additional
surgery. To address the problem, MACI was developed.

(4) TEAI#EF : The mechanism of action of MACI is based on expanded autologous chondrocytes to
generate a repair tissue that fills the defect and restores joint function.

(5) T—H v — UK . <P3>SUMMIT (N=144, conducted in EU, at least one symptomatic
Outerbridge Grade 3-4 focal cartilage defect) multicenter, randomized, open-label, parallel-group study,
SUMMIT Extension (N=128, conducted in EU) multicenter, open-label study

(6) FRERFER -
<P3> SUMMIT (MACI100206)

Efficacy : The co-primary endpoints of SUMMIT were change in subjects' KOOS Pain and KOOS
Sports and Recreational Activities (SRA) scores from baseline to Week 104. The overall study
design was in keeping with the FDA guidance, although the study itself was not conducted under
FDA regulation. The treatment-group differences (MACI vs microfracture) in changes of subjects'
KOOS Pain and KOOS Function SRA scores from baseline to Week 104 were statistically
significant (P=0.001). The mean differences (>10) between treatment groups are considered
clinically meaningful.
Safety : SAEs were reported more frequently in the microfracture group (26.4%) than in the MACI
group (15.3%).The proportion of subjects with at least one subsequent surgical procedure was
comparable for two treatment groups (8.3% in the MACI and 9.7% in the microfracture group).
<P3> SUMMIT Extension (MACI100809)
Efficacy : The clinical data from the SUMMIT Extension study indicate that KOOS pain and KOOS
SRA remain relatively stable from Year 2 through Year 5 in the MACI group as well as in subjects
treated with microfracture.

Safety : The overall frequency of subjects with TEAEs and SAEs was comparable in both groups.
(7) ERrvbEa—aXr b

Clinical Review

- Efficacy: Clinical effectiveness of MACI has been demonstrated in a single adequate and well-
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controlled trial (SUMMIT Study). Review team concluded that results from SUMMIT Study would
be acceptable from the viewpoints of trial design, conduct, and consistency and robustness of
outcomes. In the SUMMIT study, the improvement in KOOS Pain and Function (SRA) score
changes was statistically greater (P=0.001) in the MACI group compared with improvements in
these outcomes in the microfracture group. Thus, the co-primary effectiveness endpoint was met.
The treatment-effect size is considered clinically meaningful. In SUMMIT Extension Study, mean
KOOS pain and function scores achieved by the 2-year completion of the SUMMIT Study
remained essentially stable for the remaining three years in both groups.

- Safety: ALL TEAEs and TESAEs were expected. Incidence rates of TEAEs and TESAESs in both
study groups were comparable; if anything, the rates of TESAEs was higher in the microfracture
group, compared to rates in the MACI group. There are no outstanding safety concerns in the
SUMMIT extension.

- Others: There is no information regarding the safety and effectiveness of MACI in patients over
55 years of age. The enrolled population was 100% Caucasian, relatively young. The trial
population would differ substantially from a randomly selected US population in several
demographic and baseline characteristics.

Statistical Review

- Sample size consideration

The sample size calculation was based on the bivariate co-primary efficacy parameters of change
from Baseline to Week 104 in KOOS Pain score and Function (SRA) score. The calculation was
performed at o = 0.05 and a power of 85%. Assuming an improvement difference between groups
at Week 104 of 12 points in KOOS Pain and 12 points in Function (SRA), standard deviations
(SDs) of 20 for KOOS Pain and 30 for KOOS Function (SRA), as well as a correlation coefficient
between the change from Baseline at Week 104 between KOOS Pain and Function (SRA) of 0.56,
62 patients per treatment group (124 patients in total) would be needed to have 85% power. In order
to account for possible early discontinuations from the study, an additional 20 patients (15%) were
planned, resulting in 72 patients per treatment group (144 patients in total).

- Others

Ordinarily LOCF imputation is discouraged. However, in the SUMMIT study, there were a few
missing data (less than 5% in total) at the primary analysis time point 104 weeks. To support the
primary efficacy analysis, the SAP specified multiple imputation for missing data and per-protocol
analysis as supportive analyses.

As shown in the diagram above, only 7 patients were withdrawn from the study, well after
treatment started. Greater than 97% and 93% of the randomized patients in MACI and
microfracture group, respectively, completed the two-year follow-up for the primary efficacy
analysis.

The partial correlation coefficient of +0.746 indicates there is consistency between the treatment
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effects on the co-primary endpoints pain and function.

A sensitivity analysis using a (per FDA’s request in the SAP) multiple imputation (MI) for missing
values also showed a statistically significant result based on MANOVA (p = 0.004). A sensitivity
analysis using the PP set also confirmed the findings of primary analysis using LOCF and MI for
missing data. It’s not surprising that sensitivity analyses support the primary efficacy analysis
because there were a few missing data (<5% in total) in this study.

The primary analysis MANOVA showed a p-value of 0.001 that the two treatment groups are
different with respect to the joint assessment of the co-primary endpoints. However, such analysis
did not provide degree of difference between groups with respect to each individual co-primary
endpoints. However, confidence intervals for covariate adjusted mean difference in KOOS pain
and KOOS function can be derived using the results listed in Table 3. For KOOS pain, the adjusted
group difference was 11.76 with confidence interval: (9.43, 14.086); and for KOOS function, the
difference in adjusted mean change was 11.41 with a confidence interval: (9.08, 13.74). These
analyses can help the interpretation of the results from the primary efficacy analysis MANOVA.

(8) Zfh

Post marketing study
Pediatric study of MACI in subjects aged 10-17 years, who have knee cartilage defects.

Background
The MACI implant has been commercially available in several European member states and
Australia since 1998. MACI received EU marketing authorization approval from the European
Commission in 2013.
Cartilage injuries of the knee affect approximately 900,000 Americans annually, resulting in more

than 200,000 surgical procedures.
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Sipuleucel-T (consists of autologous peripheral blood manonuclear cells) / Provenge
K EAGRAE /MR A S © 2010 (Regular Approval) / Priority Review
i jt> : For the treatment of asymptomatic or minimally symptomatic metastatic castrate resistant
(hormone refractory) prostate cancer.
1 )5 B ¢ An estimated 192,280 new cases were diagnosed in 2009 in the US. Of these new cases,
for subjects who undergo definitive therapy, 20-40% (who will have metastases to distant sites) will
have disease progression requiring androgen deprivation therapy. Current available therapies for
metastatic prostate cancer are Zolendronic acid and docetaxel etc. Docetaxel was approved in 2004 for
use with predonisone in patients with androgen independent (hormone refractory) metastatic prostate
cancer, Docetaxel improved OS (median 18.9 months vs. 16.5 [Mitoxantrone]).
YERI#%FF : Sipuleucel-T consists of autologous peripheral blood mononuclear cells, including antigen
presenting cells, that have been activated during a defined culture period with a recombinant fusion
protein consisting of prostatic acid phosphatase (PAP), an antigen expressed in prostate cancer tissue,
linked to granulocyte-macrophage colony-stimulating factor (GM-CSF), an immune call activator.
T—H Xy — U . <P3>D9901 (N=127 [sipuleucel-T:82, placebo :45], asymptomatic
metastatic castrate resistant prostate cancer) randomized, double-blind, placebo-controlled, multi-center
study, D9902A (N=98 [sipuleucel-T:65, placebo :33] that was closed prior to completion because of the
overall negative findings from D9901) randomized, double-blind, placebo-controlled, multi-center
study, D9902B (N=512 [sipuleucel-T:341, placebo :171], asymptomatic or minimally symptomatic
metastatic hormone refractory prostate cancer) randomized, double-blind, placebo-controlled, multi-
center study, P-11 (N=176, non-metastatic castrate resistant prostate cancer with PSA progression)
randomized, double-blind, placebo-controlled, multi-center study
PR
<P3> D9901 (N=127)
Efficacy : The primary endpoint was time to disease progression (TTP). The primary objective of
demonstrating an improvement in TTP was not achieved; however, a subsequent analysis of the
survival results of D9901 showed a 4.5-month difference in survival favoring the sipuleucel-T arm
(median 25.9 vs. 21.4 months). Since the applicant had not pre-specified a method for survival
analysis, the log rank p-value was difficult to interpret.
<P3> D9902A (N=98)
Efficacy : The primary endpoint was TTP and the result was negative. As for OS, Study D9902A
showed a similar trend in survival (median 19.0 vs. 15.7, p=0.331) but was terminated prematurely
and efficacy results were inconclusive. Exploratory sensitivity analyses showed consistent effets
among subgroups; however, there was no benefit observed on time to objective disease progression,
time to clinical progression, PSA progression, or pain.
<P3> D9902B (N=512)

Efficacy : The initial co-primary endpoints were time to radiological progression and development
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of disease related pain. After analysis of survival results of D9901, the primary objective of
D9902B was changed to overall survival measured from the date of randomization in the ITT
population. (Patients with mild cancer related symptoms were allowed to enroll.) FDA agreed to
this change under a Special Protocol Assessment. The primary analysis of overall survival was
conducted when a total of 331 death events had occurred. The primary analysis showed a
statistically significant difference in overall survival favoring the sipuleucel-T arm (p=0.032), with
HR of death of 0.0775 (95% CI 0.614, 0.979). The difference in median survival times was 4.1
months (25.8 months vs. 21.7 months).

(7 FRlBa—a Xk

Clinical Review

Efficacy: This BLA efficacy review is based primarily on data from Study D9902B with supporting
information from Studies D9901 and D9902A. The safety review of this BLA was primarily based
on the safety data from D9901, D9902A, D9902B and P-11. The primary analysis of D9902B
showed that treatment with sipuleucel-T was associated with a statistically significant improvement
in OS compared with the placebo group. The finding was supported by a variety of sensitivity and
subgroup analyses and by analysis of two smaller RCTs (D9901 and D9902A).

Safety: Overall, sipuleucel-T treatment was relatively well tolerated. Most subjects had only mild
or moderate sdverse events, most of which resolved within 48 hours. Chills, fatigue, pyrexia, back
pain , and nausea were the most common AEs (=20%).The increased cerebrovascular events

frequency associated with sipuleucel-T represents a potential safety concern.

Statistical Review

Sample size consideration

The sipuleucel-T or the placebo arm is to be done using Pocock and Simon’s minimization method
to minimize the degree of imbalance between the two treatment groups with regard to stratification
factors of:

- Primary Gleason Grade (<3, >4)

- The number of bone metastases (0-5, 6-10, >10)

- Bisphosphonate use (yes, no)

- Study center clusters will be formed as part of the allocation process, and centers will be assigned
to clusters depending on projected enrollment and chronological order of when the first subject is
pre-registered.

- The sample size for each cluster will be between 165 and 174.

- Subject allocation in a 2:1 randomization will be within a cluster.

4.1 Statistical Issues and Collective Evidence
In Study D9902B, more patients in the Sipuleucel-T arm received docetaxel following study

treatment, as compared to the placebo arm. The median time from randomization to post-treatment
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docetaxel use in the Sipuleucel-T arm was shorter than that in the placebo arm. However, the
analyses of docetaxel treatment following randomization did not show that the survival difference
between the two arms was attributable to the post-treatment of docetaxel. In Study D9901, more
patients in the placebo arm were treated with docetaxel following disease progression, compared
to the Sipuleucel-T treated patients. The impact of docetaxel treatment following disease
progression on survival should be in direction against the claim of Sipuleucel-T benefit if there is
a docetaxel treatment benefit in Study D9901.
- 4.2 Conclusions and Recommendations

The large randomized, double-blind, well-controlled Phase III study (D9902B) demonstrated that
patients with metastatic AIPC who received Sipuleucel-T had improvement in overall survival,
compared with those who received placebo. The finding was also supported by the other two small
randomized trials (D9901, D9902A). Sipuleucel-T appeared to be generally safe and well tolerated
by patients with metastatic AIPC. The efficacy results from the three randomized trials support the
claim of using Sipuleucel-T for the treatment of men with asymptomatic or minimally symptomatic

metastatic AIPC.

(8) Zfh
Post marketing study
A post marketing study based on a registry design to assess the risk of cerebrovascular events in
at least 1,500 patients with prostate cancer who receive sipuleucel-T.
Background
A BLA submission was filed in 2006 based on the survival difference observed in D9901. The
BLA submission was reviewed by FDA and the application was discussed at the FDA Cell Tissue
and Gene Therapy Advisory Committee in 2007 and received a positive recommendation for
licensure. However, due to the small population studied and lack of statistical persuasiveness of
the submitted information, the FDA issued a complete response letter requiring submission of

survival results of the third RCT, D9902B, prior to making a licensure decision.
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Brexucabtagene autoleucel / Tecartus

K EAGRAE /MR ASE © 2020 (Accelerated Approval) / Breakthrough therapy designation, Orphan

designated

i) : Treatment of adult patients with relapsed/refractory mantle cell lymphoma (r/r MCL).

1 SR FBEEE © Five agents are currently approved in the United States for the treatment of r/r MCL:

the 26S proteasome inhibitor bortezomib, the second-generation thalidomide derivative lenalidomide,

and, undergoing confirmatory studies under accelerated approval, the Bruton tyrosine kinase (BTK)

inhibitors ibrutinib, acalabrutinib, and zanubrutinib. Tecartus is the first chimeric antigen receptor

(CAR) T cell product being developed for treatment of patients with mantle cell lymphoma; however,

there are two FDA-approved CD19-directed CAR T cell products approved for other indications.

YEFI#%FF : Brexucabtagene autoleucel (Tecartus) is an autologous chimeric antigen receptor (CAR) T

cell product engineered to recognize the transmembrane glycoprotein CD19. Critical CAR components

are the anti-CD19 single-chain variable fragment and the T cell activating domains of CD3-zeta and

CD28, which are all linked. When Tecartus engages CD19-positive targets, the modified T cells receive

signals to activate and proliferate in order to eliminate the targets. CD19 expression is restricted to the

B cell lineage. It is expressed by healthy B cells and retained by most malignancies that arise from B

cells, including mantle cell lymphoma (MCL).

T2 X — U <P2>ZUMA-2 (n=82, relapsed/refractory Mantle Cell Lymphoma)

single-arm, open-label, multicenter trial. Other phase 1/2 data (ZUMA-3,4,8) were used as supportive

data.

R IR

<P2> ZUMA-2
Efficacy : The primary endpoint is objective response rate (ORR) as determined by an Independent
Radiology Review Committee (IRRC) applying the 2014 Lugano Classification criteria. Key
secondary endpoints are duration of response (DOR) and subject incidence of each class of best
objective response (BOR). Primary efficacy analyses were performed in the prospectively
identified inferential analysis set (IAS), comprised of the first 60 subjects in Cohort 1 to be infused
with Tecartus and have the opportunity to be followed for at least six months after their first
objective disease response. A CR or PR was observed in 52 of these 60 subjects, giving an ORR of
87% (95% C175.4 —94.1), which included CRs in 37 (62%) of the subjects. With a median follow-
up from date of first response of 240 days (range 0 to 888 days; 0 was the result of new anti-cancer
therapy initiation following first disease response) prior to the 24 July 2019 data cutoff, the median
DOR was not reached.

FRlLEa—a A b

Clinical Review
- Efficacy: Treatment with Tecartus in ZUMA-2 resulted in a high ORR that was not meaningfully

changed by FDA'’s re-adjudications. This ORR may be placed in context by considering the ORRs
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observed in the pivotal studies of each of the agents currently approved to treat relapsed/refractory
MCL, which ranged from 26% to 84%. The outcomes cannot be directly compared because the
studies enrolled different patient populations, were conducted under different conditions, and
assessed disease responses using different criteria. Even so, the historical ORRs provide a general
framework within which to interpret the results of ZUMA-2 and demonstrate that treatment with
Tecartus led to an ORR comparable or superior to those achieved with the approved products. The
majority of subjects treated with Tecartus responded with CRs, while an additional quarter
experienced PRs. These are significantly positive results considering the r/r population enrolled on
ZUMA-2.

- Safety: The safety data from ZUMA-2 demonstrate that Tecartus has a favorable safety profile for
the intended population and was well-tolerated in the trial with a manageable adverse event profile.
However, the safety profile for Tecartus warrants a REMS with ETASU, and because there are
additional long-term safety concerns due to the use of the retroviral vector. The applicant will have
to comply with an observational PMR study for short- and long-term toxicity.

In general, the safety data from ZUMA-2 are consistent with the key adverse events noted with the
applicant’s prior approved product, YESCARTA.
Statistical Review
- Sample size consideration
The anticipated enrollment in this study was approximately 148 to 166 subjects. Six to 24 subjects
would be enrolled into phase 1 of this study. If the study proceeded to Phase II, approximately 72
subjects would be enrolled into cohort 1 and approximately 20 subjects would be enrolled into
cohort 2. The planned total sample size 92 in cohorts 1 and 2 combined had > 90% power to
distinguish between KTE-C19 therapy with a 40% true response rate from a pre-specified fixed
response rate of 20% or less with a 1-sided alpha of 0.025.
- 10.2 Conclusions and Recommendations
Study ZUMA-2 met its primary efficacy objective, with the pre-specified null hypothesis of <25%
ORR was rejected. The statistical analysis results provide substantial evidence of effectiveness to

support the approval of KTE-X19 for the applicant’s proposed indication.

(8) T A
Post marketing study
A post-marketing, prospective, multi-center, observational study to assess the safety of
brexucabtagene autoleucel and the risk of secondary malignancies occurring after treatment with
brexucabtagene autoleucel. The study will include at least 500 adult patients with relapsed or
refractory mantle cell lymphoma after two or more lines of systemic therapy; the enrolled patients
will be followed for 15 years after the product administration. For efficacy, additional follow-up of

all 68 subjects treated in ZUMA-2 Cohort 1 to a minimum of 18 months from the time of first
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response will be conducted. Another study of Tecartus treatment of subjects with r/r MCL who
have not been exposed to a BTK inhibitor will be conducted as well. The applicant has proposed a
single arm study of 86 BTK inhibitor-naive subjects with r/r MCL, which would account for a 10%
drop-out rate while providing 90% power to detect a difference between an ORR of 75%after
treatment with Tecartus and an historical ORR of 57%. Meta-analysis of the literature provided the
historical ORR. The primary endpoint is ORR by Lugano 2014 disease response criteria as
determined by an independent review committee. The study will be conducted by adding a new
cohort of BTK inhibitor-naive subjects to ZUMA-2, with a minimum follow-up of 18 months after
first objective disease response.
Accelerated Approval

The clinical team recommended accelerated approval of Tecartus for the treatment of relapsed or
refractory mantle cell lymphoma (r/r MCL). Additional data in two areas are needed to confirm
clinical benefit for consideration of conversion to regular approval: duration of follow-up to assess
durability of response, and treatment of subjects with r/r MCL but without prior BTK inhibitor

exposure to assess efficacy in this population. The clinical team recommended twp PMRs.
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Axicabtagene ciloleucel / Yescarta
K E KGR AR /B e A S © 2017 (Regular Approval) / Priority Review, Breakthrough therapy
designation, Orphan designated
i &> : Treatment of adult patients with relapsed or refractory large B-cell lymphoma after two or more
lines of systemic therapy.
1 R B - Diffuse large B-cell lymphoma (DLBCL), which comprises 30-40% of NHLs, is fatal
if not cured. Primary mediastinal B-cell lymphoma (PMBCL) and transformed follicular lymphoma
(FL) are typically treated along a DLBCL paradigm, approximately half of all patients with aggressive
B-cell NHL (non-Hodgkin lymphoma) have relapsed or refractory (rel/ref) disease, with an estimated
10-15% of patients with DLBCL having primary refractory disease and an additional 20-30% relapsing
after initial objective response. In a recent meta-analysis (SCHOLAR-1 Study), ORR to modern salvage
therapy was only 20-30%, CR rates were <15%, and the median OS was 6 months. There are no
approved therapies for patients with rel/ref, aggressive B-cell NHL. High-dose therapy with auto stem
cell transplantation is the usual standard for first relapse of de novo DLBCL, provided that the relapse
is chemosensitive (<50%).
YERI#%FF : Axicabtagene ciloleucel is a CD19 directed immunotherapy consisting of autologous T cells
that have been transduced with a retroviral vector encoding an anti-CD19,CD28/CD3-zeta chimeric
antigen receptor (CAR). Axicabtagene ciloleucel binds to CD19-expressing cancer cells and normal B
cells. Studies demonstrated that following anti-CD19 CAR T cell engagement with CD190expressing
target cells, the CD28 and CD3-zeta co stimulatory domains activate downstream signaling cascades
that lead to T-cell activation, proliferation, acquisition of effector functions and secretion of
inflammatory cytokines and chemokines.
T2 X — Ul <P1/2>ZUMA-1 (Phasel n=8, phase2 n=111 aggressive B-cell NHL that is
refractory or relapsed) single-arm, open-label, multicenter trial. Other phase 1 data was used as
supportive data.
ARG A
<P1/2> ZUMA-1
Efficacy : The primary endpoint of phase 2 was object response rate (ORR) per investigator.
Reviewer commented that efficacy per independent review committee (IRC) is preferable over
efficacy per investigator for regulatory decisions. On mITT analysis of 101 patients, an ORR per
IRC of 72%, with complete remission (CR) rate of 51% (95%Cl1:41,62). On ITT analysis of 111
patients, an ORR per IRC of 66%, with 47% CR. An estimated median DOR of 9.2 months
(95%CI:5.4, NE). Most treated patients (76%) had DLBCL, 16% had transformed follocular
lymphoma (FL), and 8% had primary mesiastinal large B-cell lymphoma (PMBCL).

FRlEFa—a ALk

Clinical Review

70



(®)

EES

- Efficacy: The submitted data meet the evidentiary standard of effectiveness for patients with large
B-cell lymphoma that has relapsed within one year of auto SCT or was refractory to second- or
later-line salvage therapy. This conclusion is based on CR rate and DOR. The results for survival
should be interpreted with caution. Because these data are from an uncontrolled clinical trial, it is
unclear to what extent the outcomes can be attributed to the treatment effect of the drug. Follow-
up is also immature.

- Safety: The overall AEs are of acceptable severity given subjects' advanced stage of the
disease.AEs of CRS and neurotoxicity are serious and can be fatal. Treatment algorisms to mitigate
these AEs as implemented in the study permits the benefits of treatment to outweigh these risks. In
addition, the potential for insertionalnutagenesis and resultant secondary malignancies exist. A
REMS with elements to assure safe use (ETASU) was the appropriate approach. The focus of the
REMS ETASU is site preparation, patient education, and risk mitigation strategies with emphasis
on early recognition and treatment of CRS and neuro toxicity.

Statistical Review
- Sample size consideration
The anticipated enrollment in this study was approximately 148 to 166 subjects. Six to 24 subjects
would be enrolled into phase 1 of this study. If the study proceeded to Phase II, approximately 72
subjects would be enrolled into cohort 1 and approximately 20 subjects would be enrolled into
cohort 2. The planned total sample size 92 in cohorts 1 and 2 combined had > 90% power to
distinguish between KTE-C19 therapy with a 40% true response rate from a pre-specified fixed
response rate of 20% or less with a 1-sided alpha of 0.025.
- 10.2 Conclusions and Recommendations
Efficacy results in Study ZUMA-1 meet the study objective that ORR is statistically significantly
greater than the pre-specified null hypothesis rate of 20%. The statistical analysis results provide

evidence to support the Applicant’s proposed indication for KTE-C19 in this BLA.

< Dfth,
Post marketing study
An observational registry study (n=1500) that will collect safety information for patients treated
with axicabtagene ciloleucel, including key early adverse reactions and follow-up for 15 years for
detection and evaluation of second malignancies. (No routine collection of samples to evaluate for
replication competent retrovirus (RCR) is planned as part of this study.)
Interim analyses
The study protocol originally planned dividing the overall 1-sided alpha level of 0.025 between
the inference on cohort 1 with an alpha level of 0.022 and the inference in cohorts 1 and 2 combined
with an alpha level of 0.0075, using the methodology described in Song, 2007 and Wang, 2007.

This alpha adjustment was based on a sample size of 72 in cohort 1 and a total sample size of 92
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in cohorts 1 and 2 combined. Within cohort 1, two interim analyses and one final analysis would
be performed.

- Interim analysis #1 would be conducted after 20 subjects in the mITT set of cohort 1 have had
the opportunity to be evaluated for response 3 months after the KTE-C19 infusion. This interim
analysis would be for futility purpose only.

- Interim analysis #2 would be conducted after 50 subjects in the mITT set of cohort 1 have had
the opportunity to be evaluated for response 3 months after the KTE-C19 infusion. This interim
analysis would assess early demonstration of efficacy.

The final analysis of cohort 1 would occur after 72 subjects in the mITT set of cohort 1 have had
the opportunity to be assessed for response 6 months after the KTE-C19 infusion.

Using the Lan-DeMets family of alpha spending functions with a Pocock boundary, the 1-sided
alpha level of 0.022 for analysis on cohort 1 would be spent as follows:

- The nominal 1-sided alpha level used to test for efficacy at interim analysis #2 of cohort 1 would
be 0.017

- The nominal 1-sided alpha level used to test for efficacy at the final analysis for cohort 1 would

be 0.011.
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Onasemnogene abeparvovec-xioi / Zolgensma

K E K GRAR /B B A SE 0 2019 (Regular Approval) / Priority Review, Fast Track designation,

Breakthrough therapy designation, Orphan designated

i &> : For the treatment of pediatric patients less than 2 years of age with spinal muscular atrophy

(SMA) with bi-allelic mutations in the survival motor neuron 1 (SMN1) gene.

1 R FBEEE - Spinal muscular atrophy (SMA) with bi-allelic mutations in the SMN1 gene is a serious

autosomal recessive neurodegenerative disorder. Mutations in the SMN1 gene lead to survival motor

neuron (SMN) protein deficiency that causes motor neuron loss in the brainstem and spinal cord, leading

to weakness and muscle atrophy. Infantile SMA is the most severe and common form of SMA, with an

estimated incidence of 1 in 10,000 live births and prevalence of about 1-2 per 100,000. Infants with

SMA have problems with motor function, such as holding their head up, sucking and breathing that may

be present at birth or by the age of 6 months. Most patients with infantile-onset SMA do not survive

past early childhood due to respiratory failure. It is the most common monogenic cause of infant

mortality. Nusinersen is the only FDA-approved treatment for SMA. Nusinersen has marketing approval

for use in children and adults with SMA. Nusinersen is an antisense oligonucleotide, which inhibits

splicing of exon 7 from SMN2 mRNA transcripts, and thus increases the SMN protein level.

YEH#F : ZOLGENSMA (recombinant adeno-associated virus serotype-9-based gene therapy) is

designed to deliver a normal copy of the gene encoding the SMN protein in patients with SMA.

T —H X r— U« <P1>CL-101 (N=15 in US, infantile-onset SMA) single-arm, open-label,

dose-escalation, multicenter study, <P3>CL-303 (N=21 in US, infantile-onset SMA) single-arm, open-

label, multicenter study, CL-302 (N=5, outside the US, infantile-onset SMA) single-arm, open-label

study

AR IR

<P3> CL-303 (N=21)
Efficacy : The two primary efficacy endpoints in the ongoing Phase 3 trial were:1) The proportion
of patients achieving the milestone of sitting without support for at least 30 seconds at 18 months
of age and 2) Survival at 14 months of age. As of the data cutoff, 13 subjects had reached the time
point of age 14 months, and 1 subject had reached the time point of age 18 months. 10/21 (47%)
achieved the ability to sit independently for =30 seconds by 18months of age. (natural history
control (N=23): 0%) As for survival at 14 months of age, 13/21 (67%) met the endpoint. (natural
history control (N=23): 25%) Comparison of the results of the ongoing clinical trial to available
natural history data of infants with SMA provides primary evidence of the effectiveness of
ZOLGENSMA. In addition, 16 of 19 patients had not required daily NIV use.

<P1> CL-101 (N=15)
Efficacy : The results for survival and motor milestone achievements at 24 months following
ZOLGENSMA infusion are 2/3 (67%) in the low-dose cohort and 12/12 (100%) in the high-dose
cohort. Comparison of the results of the high-dose cohort. Comparison of the results of the high-
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dose to the results of the low-dose cohort supports the effectiveness of ZOLGENSMA. In addition,

seven (of 10 at baseline) patients in the high-dose cohort remained free of NIV use.

7 FhlBPa—a XAk

Clinical Review

Efficacy: Overall, substantial evidence indicates clinical benefit of ZOLGENSMA, based on data
from the two open-label, single-arm trials. Improvement in survival and achievement of
development motor milestones are clinically meaningful. Comparison of results of the ongoing
phase 3 (CL-303) to available natural historical data for patients with infantile-onset SMA provides
primary evidence of the effectiveness.

Safety: The more serious risks of ZOLGENSMA include acute liver injury and elevation of liver
enzymes, and decreased platelet counts. These risks can be mitigated by routine medical
management, appropriate labeling of Prescribing Information (PI), and the post marketing plan
proposed by the applicant. High anti-AAV9 antibody titers are expected to preclude the possibility

of re-administration of ZOLGENSMA even if the clinical benefits diminished over time.

Statistical Review

Sample size consideration (CL-303)

Co-primary endpoint #1: Sitting without support for > 30 seconds at 18 months of age

- Response rate of the historical control is zero (or as low as 0.1%).

- Assumed response rate of the ITT population is 30% - 40%, based on Study CL-101.

- A sample size of 15 subjects that meet ITT criteria will be enrolled, and assuming
approximately 30% of subjects are excluded from analysis, would yield an ITT population that
would provide power of > 90% to detect a significant difference from 0.1% with o = 0.025 using a
1-sided exact test for a binomial proportion

Co-primary endpoint #2: Survival at 14 months of age

- Historical control: 25% survival rate.

- Assumption that 80% of patients in the ITT population are expected to survive through 14
months of age.

- An enrolled sample size of 15 subjects that meet ITT criteria (assuming 30% of subjects are
excluded from the analysis) would yield an ITT population that would provide power of > 80% to
detect a significant difference from the historical control with o = 0.05 using a 2-sided Fisher’s

exact test.

Others

The statistical analysis results provide evidence to support the applicant’s proposed indication for

ZOLGENSMA in this BLA.

(8) DAl
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Post marketing study
None of the following are required: a REMS, a safety PMR study, or a safety post-marketing
commitment study. The applicant will conduct long-term follow-up studies to collect safety and
efficacy information on patients who participated in Phase 1 or Phase 3 clinical trials. Safety
monitoring will be conducted for 15 years’ post-treatment with in-person annual visits for the first
5 years and then annual phone contact for 10 years. In addition, a voluntary registry study will
assess effectiveness of treatments for SMA, the long-term safety of patients treated with
ZOLGENSMA, and the overall 15 survival of patients with SMA. The sponsor will enroll at least
500 patients and follow-up will be for 15 years or until death, whichever is sooner.
Background
The clinical trial of nusinersen included a large sample size, and a concurrent sham-procedure
control to minimize bias, the enrolled study population was not identical to that of CL-303 or CL-
301, and the follow-up duration of the nusinersen trial under the pre-specified interim analysis was
shorter than that of CL-101 and CL-303. Therefore, this reviewer does not feel that a clear
comparison can be made between the results of the nusinersen trial and the results of CL-303 or
CL101.
Dose in Phase 1
Stability data submitted late in the review cycle indicate that the product is unstable during long-
term frozen storage. Because of uncertainty about the rate of decay of the initial drug product lot,
FDA is unable to determine the doses that were administered to subjects in the Phase 1. Review
team considered a post-marketing requirement for an additional study to identify optimal dosing in
the context of safety evaluations. However, based on the preclinical data, we would not be able to
study a dose that is 50-100% higher than the recommended dose, since the MTD that preclinical
data could support evaluation would be 27% higher than the recommended dose. It is unclear if we
would be able to identify any meaningful differences in efficacy given confounding variables,
especially as a 27% difference in dose did not seem to identify impactful changes in outcomes

based on preclinical data.
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