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1 EXECUTIVE SUMMARY

Kite Pharma Inc. seeks approval of KTE-X19 (brexucabtagene autoleucel, anti-CD19 CAR T
cells, TECARTUS®) for the treatment of adult patients with relapsed or refractory mantle cell
lymphoma (r/r MCL). KTE-X19 comprises autologous T cells transduced with retroviral vector
containing an anti-CD19 chimeric antigen receptor (CAR). The proposed KTE-X19 dosing
regimen is a single target dose of 2 x 10° cells/kg body weight, with a maximum of 2 x 108 anti-
CD19 CAR T cells. KTE-X19 is to be administered via intravenous (1V) infusion.

The clinical pharmacology section of this biologics license application (BLA) is supported by
one Phase 2 clinical study that evaluated the efficacy, safety, pharmacokinetic (PK) and
pharmacodynamics (PD) of KTE-X19 in adult subjects with relapsed or refractory mantle cell
lymphoma (r/r MCL).

The proposed dosing regimen of KTE-X19 administered by intravenous (IV) infusion has
demonstrated clinical efficacy with a tolerable safety profile; therefore, the proposed dosing
regimen is acceptable. From a clinical pharmacology standpoint, the BLA is acceptable to
support approval.

2 INTRODUCTION

KTE-X19 is an autologous chimeric antigen receptor (CAR) T-cell product that is genetically
modified ex vivo to express a chimeric antigen receptor (CAR) to target CD19 on the cell surface
of malignant B cells. The CAR consists of a single-chain antibody fragment against CD19
linked to CD3( and CD28 T-cell activating domains that result in elimination of CD19-
expressing cells. Following CAR engagement with CD19+ target cells, the CD3( domain
activates the downstream signaling cascade that leads to T cell activation, proliferation, and
acquisition of effector functions, such as cytotoxicity. The intracellular signaling domain of
CD28 provides a co-stimulatory signal that works in concert with the primary CD3( signal to
augment T cell- function, including interleuking-2 (IL-2) production. In addition, activated T
cells secrete cytokines and other molecules that can recruit and activate additional anti-tumor
immune cells.

KTE-X19 is produced from leukapheresis material obtained from the individual patient and is
unique to each patient. The manufacturing process contains a () (4) T-cell enrichment
step, which is intended to reduce the likelihood of circulating CD19-expressing tumor cells in
patients’ leukapheresis material driving the activation, expansion, and exhaustion of the anti-
CD19 CAR T cell during the ex vivo manufacturing process. The T cells are then activated and
transduced with the anti-CD19 CAR containing y (0) (4) retrovirus. Transduced cells are
expanded in the presence of recombinant human IL-2, washed, and cryopreserved.
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KTE-X19 is to

be administered by intravenous infusion at a single target dose of 2 x 108 CAR T

cells/kg body weight, with a maximum of 2 x 108 CAR T cells.

This applicatio

n is supported by a phase 2 clinical study (Study No. KTE-X19-102, ZUMA-2)

that evaluated the efficacy and safety of KTE-X19 in adult subjects with relapsed or refractory
mantle cell lymphoma (r/r MCL). MCL is an aggressive subtype of non-Hodgkin lymphoma
(NHL) with distinctive clinical, biological and molecular characteristics.

3 SUMMARY OF IMPORTANT CLINICAL PHARMACOLOGY FINDINGS

Following are key clinical pharmacology findings of KTE-X19 in adult subjects with r/r MCL.:

e General pharmacokinetics/cellular kinetics of KTE-X19:

(0]

Following infusion, KTE-X19 exhibited an initial rapid expansion phase followed
by a rapid decline and then a gradual decrease. The median time to reach peak
levels of KTE-X19 in blood was 15 days post-infusion.

At the dose of 2 x 10° anti-CD19 CAR T cells/kg, KTE-X19 levels decreased to
near baseline at Month 3 post-infusion. KTE-X19 was detectable in some adult
subjects with r/r MCL up to 24 months in peripheral blood at the time of the data
cutoff date.

At the dose of 0.5 x 10° anti-CD19 CAR T cells/kg, the peak levels and AUCo-28d
of KTE-X19 were approximately 60% of that in subjects treated at the dose of 2 x
108 anti-CD19 CAR T cells/kg. KTE-X19 levels decreased to undetectable levels
in majority of the evaluable subjects by 15 months post-dose.

o KTE-X19 pharmacokinetics/cellular kinetics in specific populations:

(0]

@]
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KTE-X19 exposure (Cmax and AUCo-2s84) was numerically higher in subjects < 65
years of age compared to subjects > 65 years of age. However, with limitations
imposed by high inter-subject variability of KTE-X19 exposure, small sample
size, and other factors such as tumor burden, the impact of age on KTE-X19
exposure should be interpreted with caution.

KTE-X19 exposure was similar between male and female subjects.

Baseline tumor burden did not show a monotonic association with KTE-X19
expansion.

Tocilizumab and corticosteroids were used in management of CRS and neurologic
events after treatment with KTE-X19. Subjects who received both tocilizumab
and corticosteroids had higher KTE-X19 exposure than subjects who received
either medication alone or neither medication. These observations are



confounded by the fact that the need for tocilizumab and/or corticosteroids was
triggered by toxicity, which was associated with higher KTE-X19 exposures.

e After infusion, substantially higher median values of Cmax and AUCo-284 of KTE-X19
were reported in responders [complete response (CR) and partial response (PR)]
compared to non-responders.

e Higher KTE-X19 exposures (Cmax and AUCo-284) Were reported in subjects with higher
grades of CRS or neurologic event (Grade 3 or higher versus Grade 2, Grade 1, or no
events).

e After KTE-X19 infusion, substantial elevation in peak levels and AUCo-284 Were observed
in subjects with Grade 3 or higher CRS compared to subjects with Grade 2, Grade 1 or no
CRS for the following biomarkers: ferritin, granzyme B, IL-2Ra, IL-6, IL-8, IL-10, IL-
15, perforin, and TNF-a.

o After KTE-X19 infusion, substantial elevation in peak levels and AUCo-284 were observed
in subjects with Grade 3 or higher neurologic event compared to subjects with Grade 2,
Grade 1 or no neurologic event for following biomarkers: granzyme B, IFN-y, IL-1RA,
IL-2, IL-6, IL-10, IL-15, and TNF-q.

e Cytokines and immune effector molecules were evaluated in available CSF samples
(n=17):
0 Levels of three pro-inflammatory cytokines (CRP, CXCL-10, and IL-6) were at
least 5-fold higher than the median baseline values.
0 Median levels of following analytes were substantially elevated in the CSF of
subjects with Grade 3 or higher neurologic events compared to levels in subjects
who had Grade 2, Grade 1, or no neurologic events: CRP, ferritin, ICAM-1, IL-
2Ra, IL-6, IL-8, and VCAM-1.
Due to high inter-subject variability and small sample size, the data should be interpreted
with caution.

e KTE-X19 induced B-cell aplasia in majority of the treated subjects. Median B-cell levels
were recovered to 10.62% (range: 3.97-15.99%) by Month 18 in evaluable subjects.

e There was no reported presence of replication-competent retrovirus (RCR) in the blood of
KTE-X19 treated subjects.
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4 LABELING COMMENTS

The clinical pharmacology reviewer has reviewed the package insert for BLA 125703 and finds
it acceptable pending the following revisions shown below.

12. CLINICAL PHARMACOLOGY
12.1. Mechanism of Action

FRABENAME]JTECARTUS, a CD19-directed genetically modified autologous T cell
immunotherapy, binds to CD19-expressing cancer cells and normal B cells. Studies
demonstrated that following anti-CD19 CAR T cell engagement with CD19-expressing 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. This sequence of events leads to killing of CD19-
expressing cells.

12.2.  Pharmacodynamics

After FFRADENAME] TECARTUS infusion, pharmacodynamic responses were evaluated over
a 4-week interval by measuring transient elevation of cytokines, chemokines, and other
molecules in blood. Levels of cytokines and chemokines such as IL-6, IL-8, IL-10, IL-15, TNF-
a, IFN-y, and sIL2Ra were analyzed. Peak elevation was generally observed between 4-four and
eight 8 days after infusion and levels generally returned to baseline within 28 days.

Due to the on-target effect of FFRADENAME] TECARTUS, a period of B-cell aplasia is
expected.

12.3. Pharmacokinetics

Following infusion (target dose of 2 x 10° anti-CD19 CAR T cells/kg) of [FFRADENAME]
TECARTUS, anti-CD19 CAR T cells exhibited an initial rapid expansion followed by a decline
to near baseline levels by three3 months. Peak levels of anti-CD19 CAR T cells occurred within
the first seven# to 15 days after FFRABENAME]} TECARTUS infusion.

The number of anti-CD19 CAR T cells in blood was associated with objective response
[complete remission (CR) or partial remission (PR)]. The median peak anti-CD19 CAR T-cell
level in responders vs nonresponders was 102.49752 cells/uL (range: 0.24 to 2589.547 cells/uL;
n = 5262), and 12.08-39 cells/uL (range: 0.216 to 1364.0 22:02 cells/uL, n = 85-WHeoxen-rank

rahk-sum-testp-=0.0020), respectively. The median AUCo-284 in patients with an objective
response was 1487.01386-28 cells/pledays (range: 3.83 to 2.77E+04 cells/uLedays; n = 62) vs

[BLA125703/0]



169.55:5% cells/pLedays in nonresponders (range: 1.8% to 1.17E+04293-86 cells/uLedays;
Wilcoxon rank sum p =0.0013; n = 5).

To Applicant: please add a paragraph describing PK information for tocilizumab and
corticosteroids use.

Median peak anti-CD19 CAR T-cell values were 74.108 cells/uL in patients > 65 years of age (n
= 39) and 112.45 cells/uL in patients < 65 years of age (n = 28). Median anti-CD19 CAR T-cell
AUC values were 876.548 cells/uL-day in patients > 65 years of age and 1640.2% cells/uL-day in
patients < 65 years of age.

Gender had no significant impact on AUCpay 0-28 and Cmax of FFRADENAME] TECARTUS.

Hepatic and renal impairment studies of FFRABDENAME] TECARTUS were not conducted.

[BLA125703/0]



5 RECOMMENDATIONS

The clinical pharmacology information in this BLA is acceptable, provided that satisfactory
agreement is reached between the sponsor and the FDA regarding the language in Section 12 of
the package insert. Please refer to section 4 for detailed Labeling Recommendations.

[BLA125703/0]



6 APPENDIX - INDIVIDUAL STUDY
6.1 Study #1
6.1.1 Study Design

Study Title: A Phase 2 multicenter study evaluating the efficacy of KTE-X19 in subjects with
relapsed/refractory mantle cell lymphoma (Study No.: ZUMA-2)

Objectives

Primary Objectives

The primary objective was to evaluate the efficacy of KTE-X19, as measured by ORR, in
subjects with r/r MCL.

Secondary Objectives

The secondary objectives included assessing the safety and tolerability of KTE-X19, additional
efficacy endpoints, and the change in the European Quality of Life-5 Dimensions (EQ-5D)
scores from baseline to Month 6.

Study Pharmacokinetics and Pharmacodynamics Objectives
To assess levels of anti-CD19 CAR T cells in blood and levels of cytokines in serum and
association with clinical outcomes.

Study Design

This is an ongoing, single arm, open-label, multi-center, Phase 2 study to evaluate the safety and
efficacy of KTE-X19 in adult subjects with r/r MCL whose disease had progressed on
anthracycline- or bendamustine-containing chemotherapy, an anti-CD20 antibody, and a BTK
inhibitor (ibrutinib and or acalabrutinib).

Subjects were enrolled into 2 separate dose cohorts and treated to evaluate the efficacy of KTE-
X19.

e Cohort 1: Pivotal Cohort was expected to enroll and treat up to approximately 90 subjects
with a target dose of 2 x 10° anti-CD19 CAR T cells/kg (maximum dose of 2 x 108 anti-
CD19 CAR T cells for subjects > 100 kg), with up to approximately 80 of these subjects
receiving KTE-X19 (10 subjects in this cohort received axicabtagene ciloleucel).

e Cohort 2: Cohort 2 was expected to enroll and treat up to 40 subjects with KTE-X19 at a

target dose of 0.5 x 10° anti-CD19 CAR T cells/kg (maximum dose of 0.5 x 10% anti-CD19
CAR T cells for subjects > 100 kg).

[BLA125703/0]



Subjects received a single intravenous (IV) infusion of KTE-X19 on Day 0 after receiving the 3-
day conditioning chemotherapy (fludarabine 30 mg/m?/day and cyclophosphamide 500
mg/m?/day) on Day -5 through Day -3.

The dose used in Cohort 1 was selected based on the results of a clinical study of another Kite
anti-CD19 CAR T-cell product, axicabtagene ciloleucel in subjects with refractory aggressive
large B-cell lymphoma (ZUMA-1). The dose for Cohort 2 was based on results from an interim
analysis of 28 subjects in Cohort 1 (9 subjects treated with axicabtagene ciloleucel and 19
subjects treated with KTE-X19). Three months after administration, subjects in Cohort 1 had
approximately 3- to 5-fold higher peak expansion and cumulative exposure (area under the curve
AUCo-284) values of anti-CD19 CAR T cells relative to the peak and AUCo-284 observed in
subjects in ZUMA-1. However, additional data collected from both cohorts indicated that 1) the
expansion of anti-CD19 CAR T cells in subjects in Cohort 2 was less robust than anticipated;
and 2) subjects in Cohort 1 with 6-month follow-up data demonstrated durable responses and a
manageable safety profile. Therefore, the KTE-19 dose of 2 x 10° anti-CD19 CAR T cells/kg
was deemed the optimal dose for treatment of MCL. Cohort 1 was re-opened and additional
subjects were enrolled and treated at the dose of 2 x 10° anti-CD19 CAR T cells/kg.

At the time of the data cutoff date of July 24, 2019, 74 subjects were enrolled in Cohort 1, and 68
subjects received KTE-X19. The primary endpoint analysis was conducted with the first 60
subjects in Cohort 1 who were treated with KTE-X19. All subjects in Cohort 1 received KTE-
X19 at doses ranging from 1.6 to 2 x 10° anti-CD19 CAR T cells/kg, except for 2 subjects: one
subjects received dose at 0.6 x 10® anti-CD19 CAR T cells/kg, and one received KTE-X19 at the
dose of 1 x 10° anti-CD19 CAR T cells/kg. The subject with the dose of 0.6 x 10° anti-CD19
CAR T cells/kg was not included in primary efficacy analysis (inferential analysis). In Cohort 2,
17 subjects were enrolled, and 14 subjects received KTE-X19.

For pharmacokinetic analysis, blood samples were collected at enrollment/leukapheresis (prior to
conditional chemotherapy), pre-dose (prior to infusion on Day 0), and on Days 7, 14, 28, Month
3, then every 3 months though Month 24 and annually thereafter post-infusion.

Blood levels of KTE-X19 were monitored by a validated (b) (4)
assay, which is specifically designed for measuring (B) (4)

Blood samples were also obtained for pharmacodynamics biomarker analysis at following time
points: baseline (prior to conditioning chemotherapy), pre-dose (prior to infusion on Day 0), and
on Days 3, 7, 14, and 28 post-infusion.

[BLA125703/0]



A panel of 40 pro-inflammatory, and immune-modulating cytokines, chemokines, and effector-
molecules were measured for pharmacodynamics assessment. Levels of following 17 key
analytes were presented:

e Homeostatic/proliferative: interleukin (IL)-2, IL-7, and IL-15

e Inflammatory/immune modulating: C-reactive protein (CRP), interferon-gamma (IFN-y),
IL-1 receptor antagonist (IL-1RA), IL-2 receptor alpha (IL-2Ra), IL-6, IL-10, and tumor
necrosis factor-alpha (TNF-a)

e Chemokine: C-X-C chemokine (CXCL)10, and IL-8

e Immune effector: granzyme B and perforin

e Other analytes: ferritin, intercellular adhesion molecule-1 (ICAM-1), vascular cell
adhesion molecule-1 (VCAM-1)

6.1.2 Results
6.1.2.1 Pharmacokinetics/Cellular Kinetics
General Pharmacokinetic/Cellular Kinetic Characteristics of KTE-X19

The exposure of KTE-X19 increased with dose increased from 0.5 x 10° anti-CD19 CAR T
cells/kg to 2 x 10° anti-CD19 CAR T cells/kg. Substantial inter-subject variabilities were
observed for KTE-X19 pharmacokinetic (PK) profiles.

In Cohort 1, after single dose infusion, KTE-X19 exhibited a rapid exponential increase followed
by a rapid decline and then a gradual decrease (Figure 1a). The median time to reach peak levels
of KTE-X19 in blood was 15 days (range: 8 — 31 days) after infusion. The median peak level of
KTE-X19 in the blood (Cmax) were 88.6 cells/pL (range: 0.16 — 2589.5 cells/uL). The median
area under the blood concentration vs. time curve from Day 0 to Day 28 (AUCo-284) was 1136.6
days*cells/pL (range 1.8 — 2.77E+04 days*cells/uL). At 1 month after KTE-X19 infusion, the
median blood level of KTE-X19 was 8.3 cells/uL (range: 1.8 — 24.6 cells/uL), and by 3 months,
levels of KTE-X19 decreased to near baseline: median of 0.7 cells/pL (range: 0.2 — 1.7 cells/uL).

KTE-X19 was detectable (median: 0.1 cells/uL; range: <LLOQ to 0.2 cells/uL) in some adult
subjects with r/r MCL (6 of 10 subjects) up to 24 months in peripheral blood at the time of the
data cutoff date.

10

[BLA125703/0]



Figure 1. Median KTE-X19 (Q1, Q3) blood levels (cells/ uL) versus time profile in adult
subjects with r/r MCL (ZUMA-2, Cohort 1 & 2)
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Source: applicant submission: Figure 14.5.4.1.2.1 & Figure 14.5.4.1.2.2 in section 5.3.4.2. ZUMA-2
Pharmacokinetics/ Pharmacodynamics Report, page 819-810.
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The peak levels and AUCo-281 of KTE-X19 in subjects treated in Cohort 2 with 0.5 x 10° anti-
CD19 CAR T cells/kg were approximately 60% of that of subjects treated in Cohort 1 with 2 x
10° anti-CD19 CAR T cells/kg. Median peak level of KTE-19 was 56.1 cells/uL (range: 0.3 —
393.7 cells/uL). The median time to reach peak levels of KTE-X19 in blood was 15 days (range:
15 — 92 days) after infusion. The median AUCo-2s4 was 688.4 days*cells/uL (range <LLOQ -
4265.8 days*cells/uL). KTE-X19 levels in Cohort 2 decreased toward background levels by
Month 3 post-infusion in all subjects (median: 0.6 cells/ uL, range: <LLOQ to 14.2 cells/uL) and
decreased to undetectable levels in 4 of 5 subjects by 15 months post-dose (Figure 1b).

Pharmacokinetics/Cellular Kinetics in Special Population or Subgroups (Cohort 1)

Age, Sex and Race
Table 1 shows KTE-X19 exposure in different subgroups of subjects.

Table 1. KTE-X19 Exposure in Subgroups (Cohort 1, N=68)

AUCo-284 Cmax Tmax
(days* cells/uL) (cells/pL) (days)
< 65 years 1640.2 1125 15
Age (N=29) (5.5, 2.72E+04) (0.4, 2589.5) (8,31)
> 65 years 876.5 74.1 15
(N=39) (1.8, 2.77E+04) (0.2, 2565.8) (8, 30)
Female 1377.6 88.6 15
Sex (N=11) (35.7, 1.4E+04) (2.5, 1753.6) (8,30)
Male 1112.9 86.8 15
(N=57) (1.8, 2.77E+04) (0.2, 2589.5) (8,31)
Black or 2569.3 182.4 8
African American (2569.3, 2569.3) (182.4, 182.4) (8, 8)
(N=1)
Native Hawaiian or 2815 22.1 31
Other Pacific Islander (281.5, 281.5) (22.1,22.1) (31, 31)
Race (N=1)
White 1241.2 95.9 15
(N=62) (1.8, 2.77E+04) (0.2, 2589.5) (8,31)
Other 331.3 27.9 15
(N=4) (140.4, 1.06E+04) (10.0, 1369.5) (8,29)

In ZUMA-2, Cohort 1, 39 (57.4%) of 68 subjects were > 65 years of age. The median KTE-X19
peak levels were 74.1 anti-CD19 CAR T positive cells/uL (range: 0.2 to 2565.8 cells/uL) vs.
112.5 anti-CD19 CAR T positive cells/uL (range: 0.4 to 2589.5 cells/uL) for subjects > 65 years
and < 65 years, respectively. The median of AUCo-284 Were 876.5 day*cells/uL (range: 0.8 to
2.77E+04 day*cells/uL) vs. 1640.2 day*cells/uL (range: 5.5 to 2.72E+04 day*cells/uL) for
elderly subjects > 65 years of age) and less than 65 years old subjects, respectively. The median
value for the time to reach peak levels of KTE-X19 (Tmax) was around 15 days for both subject
groups. With limitations imposed by high inter-subject variability of KTE-X19 exposure, small

12
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sample size, and other factors such as tumor burden, the impact of age on KTE-X19 exposure
should be interpreted with caution.

Of 68 subjects in ZUMA-2, Cohort 1, 57 (84%) were male and 11 subjects (16%) were female.
KTE-X19 exposure was similar between male and female subjects. This suggests that sex is not
a factor affecting KTE-X19 expansion.

The populations studied in ZUMA-2 were primarily white subjects. Therefore, the impact of
race on KTE-X19 expansion cannot be clearly elucidated.

Baseline Tumor Burden

Impact of baseline tumor burden on KTE-X19 pharmacokinetics was evaluated. Tumor burden
was measured as the sum of the cross-products of target lesions, i.e., the sum of the product of
the longest perpendicular diameters of lesions. As shown in Table 2, there’s no apparent
monotonic association between baseline tumor burden and KTE-19 exposure.

Table 2. KTE-X19 exposure and baseline tumor burden (ZUMA-2, Cohort 1)

Q1: [Min=2602. Q2 (QI=709.7.  Q3: (Median=1818.0.  Q4: (Q3=5059.9.
Q1=709.7] Median=1818.0] Q3=5059.9] Max=16877.8] Total
N =16) N=16) (N=16) N=15) (N=063)

|Area Under Curve
(From Day 0 To Day
28)

n 16 15 16 15 62

Mean (StD) 1384.03 (1744.22) 4061.41 (5282.18) 4219.07 (7045.56) 2727.84 (6864.12) 3088.52 (5615.50)

Median (Q1. Q3) 45899 (11922, 1486.96 (281.50, 2168.29 (850.80, 536627 (144 38. 1188.93 (218.99,

2387 58) 7933.81) 3646.78) 1996.00) 2960.77)

Min, Max 1.81, 4728 86 19.03, 1.67TE+04 4510, 2. 77EH4 43 81, 2. 72E+HM 1.81, 2 77TE+04
Peak

n 16 15 16 15 62

Mean (StD) 118.62 (153.15) 461.25 (688.56) 362.52 (658.50) 250.14 (653.72) 296.28 (579.60)

Median (Q1. Q3)  42.18(7.96, 189.47) 135.82 (22.02. 775.02) 133.00 (55.46.282.45) 48.11 (12.04. 167.23) 83.12 (17.18. 264.33)

Min, Max 0.16,431.33 1.60, 2241.62 1.92, 256584 2.88, 258947 0.16, 2589.47
Time to Peak (Days)

n 16 15 16 15 62

Mean (StD) 11.50 (3.63) 13.73 (5.90) 14.38 (5.04) 18.40 (6.85) 14.45 (5.87)

Median (Q1. Q3) 11 (8. 15) 15 (8. 15) 15 (12, 15) 15 (15, 25) 15 (8. 15)

Min, Max 8.16 8.31 8.29 8.31 8.31

Source: applicant submission: Table 14.5.4.5.13 in section 5.3.4.2. ZUMA-2 Pharmacokinetics/ Pharmacodynamics
Report, page 186.

Tocilizumab and Corticosteroids

Tocilizumab and systemic corticosteroids were used for management of cytokine release
syndrome (CRS) and neurologic events after KTE-X19 infusion in study ZUMA-2. In Cohort 1,
38 subjects received both tocilizumab and corticosteroids, 10 subjects only received tocilizumab

13
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and 2 subjects received corticosteroids alone. As shown in Table 3, KTE-X19 exposure levels
were the highest in subjects who received both tocilizumab and corticosteroids, followed by
subjects who received tocilizumab alone. These results are in line with the fact that higher KTE-
X19 exposure levels are associated to more severe adverse events that require management with
both tocilizumab and corticosteroids or tocilizumab alone.

Table 3. KTE-X19 exposure and tocilizumab and corticosteroids (ZUMA-2, Cohort 1)

Neither Steroids nor
Steroids alone Tocilizumab alone Both Steroids and Tocilizumab Tocilizumab
N=2) XN=10) (N =38) N=18)
|Area Under Curve (From Day 0 To Day 28)
n 2 10 37 18
Mean (StD) 367.84 (177.23) 2086.08 (3128.27) 4586.54 (6966.71) 1329.35(2117.82)
Median (Q1, Q3) 367.84 (242,52, 493.16) 1188.93 (341.70. 2090.42) 1996.00 (460.37, 4728.56) 360.35 (35.67, 1725.29)
Min, Max 24252, 493.16 102.83, 1.06E+04 5.51. 2.77TEHM 1.81. 8571.46
[Peak
n 2 10 37 18
Mean (5tD) 24.21(15.24) 219.81(411.30) 461.49 (726.00) 106.14 (190.35)
Median (Q1. Q3) 24.21(13.43,3498) 86.47(33.18. 144.38) 16723 (33.33,42521) 24.72 (2.48.129.29)
Min, Max 13.43, 3498 6.61, 136947 0.39, 2589 47 0.16, 789.41
[Time to Peak (Days)
n 2 10 37 18
Mean (StD) 15.00 (0.00) 15.50(7.03) 13.78 (5.91) 13.78 (5.61)
Median (Q1. Q3) 15 (15, 15) 15(8.17) 15 (8. 15) 15 (8. 16)
Min. Max 15,15 8. 29 8.31 8.31
Baseline
n 2 10 37 18
Mean (StD) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Median (Q1. Q3) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00)
Min, Max 0.00, 0.00 0.00, 0.00 0.00, 0.00 0.00,0.00
[Data cutoff date = 24JUT2019
[Peak 15 defined as the maximum mmber of CAR. T measured post mfiision
|Area imder curve (AUC) is defined as the area under curve in a plot of CAE. T cells agamst scheduled visit from Day 0 to Day 28.
[Time to peak is defined as munber of days from KTE-X19 infusion to the date when the CAF. T cells in blood firstly reached the maxinmm post-baseline level
[Data Source: ADCART. ADCM _ Program Name: t pk summ by _ster_toci_secd 3 .sas Output G ted: 20191010T15:03

Source: applicant submission: Table 14.5.4.5.2.11.1. in section 5.3.4.2. ZUMA-2 Pharmacokinetics/
Pharmacodynamics Report, page 153.

Product Characteristics and KTE-X19 Pharmacokinetics/Cellular Kinetics

An exploratory analysis was conducted to assess the association of product characteristics with
KTE-X19 PK profiles. Results indicated that () (4) may have
potential impact on KTE-X19 expansion (Table 4).
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Table 4. Potential Associations of post-infusion peak KTE-X19 levels in blood with
product characteristics (Cohort 1)

Regression Coefficient

Analyte N* (95% CT) Nominal p Value

Source: applicant submission: Table 13 in section 5.3.4.2. ZUMA-2 Pharmacokinetics/ Pharmacodynamics Report,
page 60.

As shown in Table 5, the association between product characteristics

with KTE-X19 PK profiles were not monotonic. KTM
motentially be associated with better benefit-risk profiles. However, due to small
sample size, the results need to be interpreted with caution.

15

[BLA125703/0]



) on pharmacokinetics/cellular kinetics, efficacy and safety

Table 5. Quartile analysis of impact of KTE-X19 product characteristics () (4)
ZUMA-2, Cohort 1

Pharmacokinetic Response Groups Toxicity Groups
Parameters
Product Cmax AUCo-28d Responder Nonresponder | Grade 3or | Grade 3 or
Characteristics | Cells/ pL. | Day*Cells/pL N (%0) N (%0) higher higher
Median Median neurologic | cytokine
(Min, (Min, Max) event release
Max) N (%) syndrome

6.1.2.2

6.1.2.2.1. Exposure-Efficacy Relationship

Exposure-Response Relationship

The relationship between KTE-X19 exposure and efficacy was based on the clinical reviewer’s
assessment of best overall response (BOR) for ZUMA-1 Cohort 1 subjects.

A summary of the comparison of KTE-X19 pharmacokinetic parameters between responding
and non-responding subjects is provided in Table 6 below. As shown in Figure 2, the median
values of Cmax and AUCo-2s4 of KTE-X19 were higher in responding (R) subjects [complete
response (CR) or partial response (PR)] than that in non-responding (NR) [stable disease (SD),

[BLA125703/0]
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progressive disease (PD)] subjects (Wilcoxon rank-sum test for Cmax: p=0.057; Wilcoxon rank-
sum test for AUCo-284: p=0.054).

Table 6. Comparison of KTE-X19 (anti-CD19 CAR+ viable T cells) pharmacokinetic
parameters between responding and non-responding subjects

(3.8, 27743.6)

Parameters (Unit) Unit Responding Subjects Non-Responding Subjects
N=52 N=8
Cmax [median (min, max)] cells/pL 102.4 12.0
(0.2, 2589.5) (0.2, 1364.0)
Tmax days 15 115
[median, (min, max)] (8,31) (8, 16)
AUCg.2809) [median, (min, max)] days*cells/pL 1487.0 169.5

(1.8, 11691.1)

Figure 2. Boxplot of KTE-X19 exposure by best overall response (BOR)

Cmax {cellshul)
ALCZEd (days cells/ul)

<

—_— - i S e &

BOR ' BOR

6.1.2.2.2. Exposure-Safety Relationship

Exposure and Cytokine Release Syndrome (CRS)

The impact of KTE-X19 exposure on cytokine release syndrome (CRS) was evaluated using data
from both Cohort 1 & Cohort 2. As shown in Table 7 & Figure 3, the median peak levels and
AUCo-28¢ of KTE-X19 in subjects with Grade 3 or higher CRS were higher compared to subjects
with Grade 2, Grade 1 or no CRS (Wilcoxon rank-sum test p value: 0.050 for Cmax, p values:
0.040 for AUCo-284d).

17
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Table 7. Summary of KTE-X19 (anti-CD19 CAR+ viable T cells) exposure and cytokine
release syndrome (ZUMA-2, Cohort 1 &2)

Parameters Cytokine Release Syndrome
Median (Min, Max) Grade >3 Grade <2
Cmax (cells/uL) 202.6 53.4

(1.9, 1364.0) (0.16, 2589.5)
AUC.284 2312.3 583.4
(days*cells/pL) (43.8, 1.35E+04) (1.8, 2.77E+04)
Tmax (days) 15 15

(8,17) (8,31)

Figure 3. Boxplot of CTL019 exposure and cytokine release syndrome (CRS) (ZUMA-2,
Cohort 1 & 2)

S —

CRS >=Grade 3
CRS Grade >=3

Exposure and Neurological Events

The impact of KTE-X19 exposure on cytokine release syndrome (CRS) was also evaluated.
Subjects with Grade 3 or higher neurologic events had substantial higher KTE-X19 exposure
than subjects with Grade 2, Grade 1 or no CRS (Wilcoxon rank-sum test p value: 0.00004 for
Cmax, p values: 0.00008 for AUCo-2sd).

Table 8. Summary of KTE-X19 (anti-CD19 CAR+ viable T cells) exposure and
neurological events (ZUMA-2, Cohort 1 &2)

Parameters Neurological Events

Median (Min, Max) Grade >3 Grade <2

Cmax (cells/pL) 249.6 44.4
(2.9, 2589.5) (0.16, 2565.8)

AUCo-284 2312.3 492.3

[BLA125703/0]
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(days*cells/uL) (64.6, 2.73E+04) (1.8, 2.77E+04)
Tmax (days) [median, range] 15 15
(8,30) (8,31)

Figure 4. Boxplot of KTE-X19 exposure and neurologic events (ZUMA-2, Cohort 1 &
Cohort 2)

Cmax (cellsiul)
AUCO-2Bd (day" celishul.

Neurgiogical Events >=Grade 3 Neurclogical Events >=Grade 3

6.1.2.3 Pharmacodynamics

Conditioning chemotherapy (lymphodepletion) and CAR-T cells infusion followed by CAR-T
cell activation are associated with serum level changes of pro-inflammatory cytokines,
modulating cytokines, chemokines, and effector molecules. To assess pharmacodynamic (PD)
effects of KTE-X19, a panel of 40 biomarker analytes were measured. A subset of 17 analytes
that were associated previously anti-CD19 CAR T-cell therapy were preselected for evaluation.

As shown in Tables 9 and 10, in cohort 1, after conditioning chemotherapy and prior to infusion
(Day0) of KTE-19, median serum levels of CRP, ferritin, and IL-7 increased by ~ 2-3 folds
compared to baseline levels (prior to conditioning chemotherapy). On Day 0, prior to KTE-X19,
median serum levels of IL-15 had ~ 10-fold increase compared to baseline levels. Median serum
perforin levels decreased during the same time period.

After KTE-X19 infusion, majority of these 17 key analytes serum levels increased except for
TNF-0 and VCAM-1). The median time to peak for all key analytes ranged from 4 to 8 days
post-infusion. Four weeks after KTE-X19 infusion, the majority of the key analytes returned to
near- or below baseline levels except 6 analytes (CXCL10, ferritin, IFN-y, IL-6, IL-8, and IL-15)
remained elevated by 2-fold or more in > 20% of subjects.

19
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The PD biomarker serum level changes in Cohort 2 were similar to Cohort 1, except for CRP,
granzyme B and IL-6. The values of median peak levels and median AUC (baseline to Day 28
post-dose) of these 3 analytes in Cohort 1 were about 150-200% of that in Cohort 2.

[BLA125703/0]
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Table 9. Number of Subjects with a 2-fold or Higher Change from Baseline at Peak in Key Analytes (Cohort 1, N=68)

Baseline Day 0 Week 4 Peak AUC Time to Peak
Median Median Median Median Median Median
Cytokine* (n, Min, Max) (n, AMin, Max) (n, Min, Max) (n, Min, Max) (n, Min, Max) (n, Min, Max)
CRP (mgL) 13.47 (66, 0.50, 30.33 (66, 1.41, 0.65 (65, 2.76E-05", 113.95 (68, 4.33, 869.87 (67, 33.25, 4(68.1,17
496.00% 496.00M 496.00") 496.00") 1.50E+04)
CXCL10 (pg/mL) | 468.75(66.103.20, | 529.75 (66, 114.30, 546.60 (65, 75.60, |2000.00" (68, 256.60, 2.52E+04 (67, 8 (68, 1.31)
2000.00%) 2000.00% 2000.00") 2000.00") 6935.75, 5.9TE+04)
Femtin (ng/ml) 189.05 (66, 0.78", 504.62 (66, 0.78%¢, 597.10 (65, 0.78", | 1302.41 (68, 0.80%, | 2.77E+04 (67. 25.60, 8 (68, 1, 30)
4003.70) 3022.70) 1.24E+04) 2 50E+040<) 3.68E+05)
Granzyme B 1.00" (66, 1.00", 76.60){1.00* (66, 1.00", 77.90}  1.00" (65, 1.00", 40.60 (68, 1.00", 34795 (67,32.00, 8(68.1,3])
(pg/mL) 430.60) 6024 40) 3.37E=04)
ICAM-1 (ng'ml) | 649.67(66.120.30, | 682.39 (66, 136.55, | 564.44(65,105.07, | 1252.07 (68, 230.12, 2. 54E+04 (67, 8(68. 1,30
4 31E+04) 3.62E+04) 3.32E+04) 6.06E+04) 417933, 1.17E+06)
IFN-y (pg'mlL) 7.50 (66, 7.50%, 7.50" (66, 7.50", 24.00 (65, 7.50", 410.25 (68, 7.50", | 3402.55 (67, 135.00, 8(68,1.29)
165.40) 144.80) 800.00) 1876.00%) 2.66E+04)
IL-1RA (pg/mL) 565.80 (66, 140.50, | 518.95 (66, 105.00, | 399.70 (65,31.20%, | 1782.65 (68, 158.40, 2. 71E+04 (67, 8(68,1,3D)
2233.62) 4000.00"<) 3080.50) 9000.00") 4471.05, 1.10E+035)
IL-2 (pg/ml) 0.90" (66, 0.90°, 3.00)| 0.90" (66, 0.90%, 3.50) | 0.90" (65, 0.90", 2.20) | 5.85 (68. 0.90*. 77.60)| 57.85 (67. 16.20. 4(68,1.17)
306.35)
IL-2Ra (ng/ml) 5.02 (66, 0.08b<, 5.79 (66, 0.08%, 3.49 (65, 0.08%c, 18.72 (68, 2.20, 29547 (67,27.63, 8(68,1.29)
29.62) 43.79) 66.80) 100.00") 2188.00)
IL-6 (pg'mL) 1.60" (66, 1.60" 27.00)1.60" (66. 1.60", 31.40Y 21.20 (65. 1.60", 86.00 (68, 1.60", 1071.00 (67, 51.20, 8(68.1,.31)
976.00") 976.00") 2.30E+04)
IL-7 (pg/mL) 15.61 (66.4.00,42.50)] 27.95(66,13.40, 18.20 (65, 1.40", 32.20 (68, 16.30, 741.20 (67, 143.95, 4(68,1,32
63.20) 44.90) 72.80) 1599.05)
IL-8 (pg'mL) 10.91 (66. 3.50, 11.80 (66, 1.10", 14.30 (65, 3.30, 41.19 (68, 9.60, 588.05 (67, 163.85, 8(68.1,32)
148.60) 446.90) 653.60) 750.00%) 1.00E+04)

[BLA125703/0]
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Baseline Day 0 Week 4 Peak AUC Time to Peak
Median AMedian Median Median Median Median
Cytokine* (n, Min, Max) (n, Min, Max) (n, Min, Max) (n, Min, Max) (n, Min, Max) (n, Min, Max)
IL-10 (pg'mL) 0.70" (66, 0.70" 14.10§  0.70" (66, 0.70%,  |0.70* (65, 0.70%, 35.90)| 16.55 (68, 0.70", 155.40 (67, 22.40, 8 (68, 1,30)
132.60) 246.10) 2364.00)
IL-15 (pg/mL) 3.30(66,1.40" 7.60) | 32.70(66,13.10, |6.10(65,1.40° 98.00)| 40.30 (68, 13.70, 548.30(67,228.25, 4(68.1,29)
79.10) 188.70) 2383.95)
Perfonin (ng/ml) 15.82(66,2.21, |[3.54 (66, 0.01% 74.52)[13.50 (65, 1.76,45.21)| 18.71 (68, 0.69, 394.80(67,47.88, 22(68.1,32)
100.00%) 100.00") 1372.14)
TNF-a (pg/mL) 8.00 (66, 0.70%,  |5.70 (66, 0.70%, 79.10)|3.10 (65, 0.70°, 27.70) [9.50 (68, 2.00, 116.57)| 169.15 (67, 44.60, 8(68.1,32)
174.60) 1230.90)
VCAM-1 (ng/ml) | 1162.89 (66,0.04%, | 1143.15(66,0.04" | 1003.94 (65, 0.04% | 1843.57 (68, 503.80, 3.87E+04 (67, 8(68.1,32)
1.57E+05) 9.79E+04) 8.38E+04) 1.56E+05) 477241, 3.51E+06)

Data cutoff date = 24TUL2019
Abbrevistions: AUC, area under the curve; CRP, C-reactive protemn; CXCL, C-X-C motf chemokine; ICAM, intercellular adhesion molecule; IFN, interferon: I, mterleukin;
IL-1RA interleukin-1 receptor antagonist; IL-2Ra, interleukin-2 receptor alpha; LT.OQ. lower limit of quantification; Max, maxmum: Min, minimum: TNF, nunor necrosis

factor; ULOQ. upper linut of quanafication; VCAM, vascular cell adhesion molecule.
Notes: Peak 15 defined as the maximum post-basaline level of the cytokine from baseline to Week 4. AUC measures the total levels of cytokine over time_ and 1= defined as the

AUC in a plot of levels of cytokine against scheduled visit from basaline (Day -4) to Day 28. Time to peak is defined as number of days from ETE-X19 mfusion to the date when

the cytokine first reached the maximum post-baseline level Dus to the tming of samples collected immediately after infusion (Day 3. Day 7. Day 14, Day 28). the calculated
valnes for peak, AUC—, and time to peak are considerad estmates.

Source: applicant submission: Table 4 in section 5.3.4.2. ZUMA-2 Pharmacokinetics/ Pharmacodynamics Report, page 19-20.
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Table 10. Summary of levels of key analytes in serum and time to peak serum levels (Cohort 1, N=68)

At Peak AtDay 0 AtDay 3 AtDay 7 At Week 2 At Week 4

(N =68) (N =66) (N=63) N=62) (N=61) N =65)
Cytokine n (%) n (%) n (%) n (%) n (%) n (%)
CRP 51 (75.0) 33 (50.0) 39 (61.9) 36 (58.1) 10 (16.4) 3 (4.6)
CXCL10 43 (63.2) 7 (10.6) 23 (36.5) 38 (61.3) 13 21.3) 17 (262)
Ferritin 56 (82.4) 27 (40.9) 34 (54.0) 42 (67.7) 43 (70.5) 29 (44.6)
Granzyme B? 43 (63.2) 2(3.0) 25 (39.7) 35 (56.5) 9 (14.8) 8 (12.3)
ICAM-1 16 (23.5) 0 (0) 5(7.9) 13 (21.0) 4(6.6) 1(1.5)
IFN-y ? 59 (86.8) 12 (18.2) 45 (71.9) 47 (75.8) 21 (34.4) 33 (50.8)
IL-1IRA 42 (61.8) 12 (18.2) 15 (23.8) 29 (46.8) 3(4.9) 7(10.8)
IL-10° 59 (86.8) 9 (13.6) 39 (61.9) 50 (80.6) 18 (29.5) 11 (16.9)
IL-15 66 (97.1) 65 (98.5) 61 (96.8) 58 (93.5) 48 (78.7) 32 (49.2)
IL-2° 59 (86.8) 3(4.5) 49 (77.8) 23 (37.1) 3(4.9) 1(1.5)
IL-2Ra 50 (73.5) 10 (15.2) 27 (42.9) 41 (66.1) 33 (54.1) 9(13.8)
IL-6° 61 (89.7) 12 (18.2) 38 (60.3) 48 (77.4) 45 (73.8) 50 (76.9)
IL-7 38 (55.9) 33 (50.0) 20 31.7) 18 (29.0) 14 (23.0) 8(12.3)
IL-8 52 (76.5) 12 (18.2) 35 (55.6) 35 (56.5) 16 (26.2) 16 (24.6)
Perforin 12 (17.6) 0 (0) 0 (0) 8 (12.9) 2(3.3) 4(6.2)
TNF-a 20 (29.4) 2(3.0) 8 (12.7) 12 (19.4) 233) 3(4.6)
VCAM-1 9(13.2) 2(3.0) 1(1.6) 6(9.7) 0 (0) 23.1)

Data cutoff date = 24JUL2019

Abbreviations: CRP, C-reactive protein; CXCL. C-X-C motif chemokine: ICAM. intercellular adhesion molecule; IFN. interferon; IL. interleukin: IL-1RA_ interleukin-1 receptor
antagonist; IL-2Ra, interleukin-2 receptor alpha; TNF, tumor necrosis factor; VCAM. vascular cell adhesion molecule.
Notes: Peak 1s defined as the maximum post-baseline level of the cytokine from baseline to Week 4. The fold change 1s defined as the concentration at each visit divided by the
concentration at baseline, for each subject. The number and percentage of subjects with a 2-fold or greater change from baseline is presented.
a  Because the median baseline levels of these cytokines were below the lower limit of quantification, the true fold change over baseline at peak and later time pomts 1s not

deternunable.

Source: applicant submission: Table 5 in section 5.3.4.2. ZUMA-2 Pharmacokinetics/ Pharmacodynamics Report, page 21.
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PD Biomarkers and Safety Analysis

An exploratory correlative analysis was conducted to evaluate associations between PD
biomarkers levels and safety endpoints (cytokines release syndrome (CRS) and neurologic
events) for Cohort 1 subjects.

PD Biomarkers and CRS

Of 17 key analytes, the median peak serum levels of following 9 analytes in subjects with Grade
3 or higher CRS were higher (nominal Wilcoxon rank-sum p values < 0.05) than in subjects with
Grade 2, Grade 1, or no CRS: ferritin, granzyme B, IL-2Ra, IL-6, IL-8, IL-10, IL-15, perforin,
and TNF-a.

PD Biomarkers and Neurologic Events

Of the 17 key analytes, the median peak serum levels of following 8 analytes were higher
(norminal Wilcoxon rank-sum p values < 0.05) among subjects who experienced Grade 3 or
higher neurologic events versus Grade 2, Grade 1, or no neurologic events: granzyme B, IFN-y,
IL-1RA, IL-2, IL-6, IL-10, IL-15, and TNF-a.

PD Biomarkers in Cerebrospinal Fluid (CSF)

To elucidate the pathophysiology of neurologic events following KTE-X19 treatment, CSF
samples were collected from subjects optionally prior to KTE-X19 infusion, after infusion, or
after a Grade 2 or higher neurologic event. Cytokines and immune effector molecules were
analyzed. The applicant also planned an exploratory phenotypic analysis of immune cell subsets
in CSF using (b) (4) . However, due to very low subject numbers and low cell counts,
the Applicant concluded that the data could not be interpreted, and as such, these data were not
submitted.

Compared to the median baseline levels, the median baseline levels, the medians of 3 pro-
inflammatory cytokines (CRP, CXCL-10, and IL6) were at least 5-fold higher. However, due to
high inter-subject variability and small sample size, the data should be interpreted with caution
(Table 11).

As shown in Table 12, median CSF levels of 7 analytes were elevated in subjects with Grade 3
or higher neurologic event compared to levels in subjects with Grade 2, Grade 1, or no
neurologic event: CRP, ferritin, ICAM-1, IL-2Ra, IL-6, IL-8, and VCAM-1. Due to low sample
size, the result should be interpreted with caution.
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Table 11. Changes in CSF Analytes Following Infusion of KTE-X19 (Cohort 1)

Bazeline Post-baseline
Crtokine MAedian (n, Min, Max) MMedian (o, Alin, Aax)
CEP (mgT) 0.03 (4, 5.62E03, 0.17) 0.15 (15, 0.01, 4969
CHCL10 (pe/ml) 444 85 (4, 40.50, 2102.40) 657830 (14, 1493.30, 5.00E+4%)
Femtm (ng'ml) 8342 592 10.57) 1233 (10, 4. 54, 632.40%

Granzyme B (pg/ml)

0.75 (4, 0.50+%, 1.00~)

1.00 (14, 0.50=, 7.10)

ICAM-1 (ng/ml)

3.31 (4, 1.85,4.29)

282 (15%,3.17, 86.00)

TFN-y (pg/ml) 7.50° (4, 7.50°, 7.50) 7.50¢ (14, 7.50¢, 1259.90)
IL-1RA (p/ml) 25.10 (4, 15.60%, 53.50) 65.50 (14, 15.60%, 5740.70)
IL-2 (pg/ml} 0.90% (4, 0.90%, 0.90%) 0.90° (14 0.90%, 0.90%
IL-2Ra (nz/mL) 0.08 (4, 3.90E-03+=, 0.13) 0.21 (14, 0.04, 6.09)
IL-6 (pg/ml} 1.60= (4, 1.60=, 1.60%) 19.80 (14, 1.60%, 570.10)
IL-7 (pg/ml} 1.40° (4, 1.40°, 1.40%) 1.40° (14, 1.40%, 4.10)
IL-8 (pg/ml} 48.10 (4, 30.20, 54.20) 60.95 (14, 19.90, 750.00)
IL-10 (pz/mL) 0.70% (4, 0.70%, 0.70%) 0.70° (14, 0.70%, 19.90%
IL-15 (pg/mL) 2.80 (4, 1.40°, 5.40) 7.80 (14, 1.40°, 67.10)
Parforin (ng'mL) 7.50E-03* (4, 5.00E-03*, 0.01% 0.01% (14, 5.00E-03%, 0.019)
THF-a (pg'ml) 0.70° (4, 0.70%, 0.70%) 0.70% (14, 0.7C%, 3.80)

VCAM-1 (ng/ml )

10.32 (4, 4.71, 12.32)

1639 (15, 6.18, 46.77)

Data cutoff date = 24TTL2019

Abbreviadons: CRP, C-reactive protein; C5F, cerebrospinal fhod; C3CL10, C-X-C motf chemokine ligand 10; ICAM-1,

mtercallular adhasion moleoale-1; IFI-y, interferon-gamma; L., mterlenkin: IT-1FA  interleukin-1 receptor antagonist; IL-2Fa,

mterlenkin-2 receptor alpha; LTOQ), lower limit of quanafication; MMax maxdnnom: Min muininommn;, TRE-¢, M0 Decnosis

factor; ULOCQ), upper limit of quanafcation; VCAM-1, vasoular cell adhesion molecule-1.

Motes: Becanse of the limited sample size, any data ansmg fom a lnmbar pancare performed after ETE-X19 infusion is
combined info 3 “post-baselineg™ analysis set. Sampling times ranged from Day 7 to Day 109 after ETE-X19 infusion.
a  Feported values represent an assigned mmierica] vahie given to resules that fall outside the dilntion-comrectad limit of

quandfication.

b For some cytokines, 2 impaed below-LLO) values were assigned; thersfors, either may be reported and both represent a

resnlt below the LLOC) in this table.

¢ For 3 of the cytokines presented hers (fermitin IT-18.4  and ID-2Bua), 2 assays were nsed during the course of the smdy as
maTe sensitve methods of guantfication became available; sssigned imputed valnes for LLOOQ and TLOC for all assays
usad in the study are provided in Appendix 7.2, Ac 2 consequence of the nze of 2 different assays for some cytokines,
mpated LLOG) and ULOC) valuss reported in thiz table may vary depending on which assay was nsed for a particular data

point

Source: applicant submission: Table 15 in section 5.3.4.2. ZUMA-2 Pharmacokinetics/ Pharmacodynamics Report,

page 65.
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Table 12. Potential Associations of CSF cytokines with neurologic event (Cohort 1)

Crade 3 or Higher Grade 2, Grade 1, or None
=11) )
Crtolane MAMedian (o, Min, Max)* Median {n, Min, Max)® AMedian Eatic
CEP (mzL) 0.16 (10,002, 4.95% 0.0% (5, 0.01, 0.4T) 1.80
CHCLIO0 (ppfml) 551920 (%, 1493 30, 5 00E+049 201E+04 (5, 1711.20, 028
2 49E+(4)
Femitin (ng/ml) 18.39 (&, 10.01, 632 409 T42(4, 454 85Ty 148
Granzyme B (pg/mL} 1.00** (9, 0.50%, 7.10) L.00** (5, 0,500, 1.00%7) 1.00
ICAM-1 (ng'ml) 11.00(10,3.17, 36.00) 4343, 3.23,963) 254
IFN-y (pgmL) 7500 (9, 7.50°, 1259.50) 15,70 (5, 7.50%, 140.700) 048
IL-1FA (pg/ml) 63.30 (9, 28.20, 5740.70) 67.70 (5, 15.60% 184.50) 0.94
IL-2 (pg'ml) 0.5907 (%, 0.90%, 0.590%) 0907 (5, 0.907, 0.904) 1.0
IL-?Fe (pg'ml) 036 (9, 0.04, 6.09) 016 (35, 0.04, 0.28) 2121
IL-6 (pg'ml) 23.70 (9, 1608, 570.10) 5.80 (5, 1.60 32200 409
IL-7 {(pg/ml) 140 (9, 140 4100 1.40% (5, 1.40% 3.10) 1.00
IL-% (pg'ml) 85.30 (9, 19.90, 73000 3R.80 (5, 35830, 131 00y 220
IL-10 (pgml) 0.70= (9, 0.70%, 19.90) 0.70° (3, 0.707, 0.704) 1.00
IL-15 (pgml) 6.40 (9, 1400, 67.10) 290 (3, 3.30, 15.90) .65
Perform (ng/ml) 0.01** (9, 5. 00E-03*r 0.01**) 0.01 (3, 5.00E-03*, 0.01%") 1.00
THF-a (pgml) 0,70 (9, 070", 3.800 0.70° (3, 0.707, 0.704) 1.00
VCAM-1 (ng'ml) 17.93 (10, 7.69, 46.77) 2920(3, 6.18, 15.35) 1.95

Diata cwteff date = 24JUL2019

Abbreviations: C5F, cerebrospinal fluid; CRP, C-reactive protein; CHCL10, C-3-C motif chemokine lizand 10; ICAM-1,
mtercallular adhesion molecule-1; IFM-y, interferon-gamma; IL, mterlenkin; IT-1F.A, interleukin-1 receptor anta gondst:

II-2F. alpha, inter]eukin-2 recepior alpha; Max, mecdnonm: MMin, minimem; VEAM-1, vasoular cell adbesion molecule-1

Motes: The median ratio is defined as the ratio of median valoe for Grade 3 or higher events divided by medizn value for Grade 2,
Grade 1, or no events. Multiplicity adinstment was not performed; therefore, p values should be considered a signal bt are
exploratory ooly snd do not indicate statistical signifcance.
31 Feported values represent an assizned mmerical vahie given to resnlts that fall outside the dilnton-correctad lirnit of

quantific ation.

b For some cytokines, 2 imputed below-LTOQ) values were assignead; therefore. either may be reported and both represent a
result below the LT.00) in this table.

¢ For3 of the cytokines presented here (fermifin IL-1E4 and IT-7Hq), 2 assays were nsed during the course of the sdy as
moTe sensitive methods of gquantfication became available; sssigned imputed values for LI and ULOG for all assays
usad in the stady are provided in Appendie 7.2 Ag 3 consequence of the use of 2 different zssay: for soms cytokines,
mpated LLOG) and ULOQ) values reported in thes table may vary depending on which assay was nsed for a particular data

point

Source: applicant submission: Table 16 in section 5.3.4.2. ZUMA-2 Pharmacokinetics/ Pharmacodynamics Report,
page 67.

6.1.2.4 Immunogenicity

For immunogenicity assessment, the applicant monitored presence of binding antibodies against
FMC63. FMCB63 is the parental murine anti-human CD19 antibody used for development of the
anti-CD19 variable regions of the CAR construct. The immunogenicity testing included an
initial screening testing with an enzyme-linked immunosorbent assay (ELISA). Positive samples
underwent further confirmatory testing using a cell-based assay to confirm whether the positive
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signal observed in the screening assay was due to binding of a properly folded scFv expressed on
an anti-CD19 CAR.

Results from the initial screening assay showed 17 subjects had positive test results (14 subjects
in Cohort 1 and 3 subjects in Cohort 2). Further confirmatory assay testing demonstrated that all
17 subjects were antibody negative at all time points tested.

6.1.2.5 B-cell Aplasia

Treatment of KTE-X19 may induce B-cell aplasia. The incidence of B-cell aplasia was assessed

using a (b) (4) assay.

Treatment of KTE-X19 induced B-cell aplasia in majority of subjects. At baseline, after
conditioning chemotherapy but before KTE-X19 infusion, median B-cell levels in all subjects in
Cohort 1 were 8.73% of viable leukocytes (range: 0.02-95.24%). At Month 3, median B-cell
levels declined to 0.09% (range: 0.02-96.15%). Median B-cell levels was recovered to 10.62%
(range: 3.97-15.99%) by Month 18 in evaluable subjects.

B-cell levels, and KTE-X19 levels were analyzed by objective response (Table 13). At Month
24, 6 of 8 subjects in ongoing response had B-cell recovery and detectable KTE-X19 cells. This
indicated that ongoing B-cell aplasia at Month 24 was not required for maintaining disease
response. The CAR T-cells detected in these subjects may be non-functional anti-CD19 CAR T
cells. In non-responding subjects, the percentage of B-cell levels increased from baseline at
Month 3 and 6 post-infusion. This observation suggested there may be non-functional CAR T-
cells in nonresponders.
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Table 13. B-cell recovery following KTE-X19 infusion in subjects with ongoing response (ZUMA-2, Cohortl)

Ongoing Response Relapsed Nonresponder
(N=34) N=17) N=4
B cell (%0)* CAR T cells B cell (%0)* CAR T cells B cell (%0)* CART cells
Median Median Median Median Median Median
n (%) (Min, Max) (Min, Max) n (%) (Min, Max) {Min, Max) n (%) {Min, Max) (ALin, Max)
Baseline — all subjects 32(94.1) |10.58(0.08, 88.10) =LLOQ 16 (94.1) |7.07 (0.03, 90.03) =LLOQ 4(100.0) |3572(6.12,95.24) =LLOQ
B cells below LLOQ 8(25.0) =LLOQ 1(6.3) =LLOQ
B cells detectable 24(75.0) [10.58 (0.08. 88.10) =LLOQ 15(93.8) |7.07 (0.03.90.03) =LLOQ 4(100.0) (3572(6.12,9524) <LLOQ
Month 3 — all subjects 29(85.3) | 0.04(0.02,027) (1.04(0.04 7.50)| 10(58.8) |0.17(0.02,39.81)| 0.74 (=LLOQ, 2(50.0) 5721 (1827, <LLOQ
6.06) 96.15)
B cells below LLOQ 17 (58.6) 0.70 (0.04, 4.06) | 2 (20.0) 2.32(1.34, 3.30)
B cells detectable 12(414) | 0.04(0.02,027) |1.14(0.10,7.50)| 8(80.0) |0.17(0.02,39.81)| 022 (=LLOQ, | 2(100.0) 5721 (1827, <LLOQ
6.06) 96.15)
Month 6 — all subjects 34(100.0) | 0.07 (0.02,25.72) | 055 (<LLOQ, | 9(529) |890(0.23, 86.58)| 0.10 (=LLOQ, 1(25.0) 64.47 (64.47, <LLOQ
2.98) 0.83) 64.47)
B cells below LLOQ 13 (38.2) 0.89 (<= LLOQ, 1(11.1) 0.83 (0.83, 0.83)
2.53)
B cells detectable 21(61.8) [0.07(0.02,2572) | 024(=LLOQ, | 7(77.8) |890(0.23,86.58) 0.06 (=LLOQ, | 1(100.0) 64 47 (64.47, <LLOQ
298) 0.33) 64.47)
Month 12 — all subjects 11(324) |154(0.07.2943) | 054 (=LLOQ. | 2(11.8) 1871 (1871, |0.26(0.03, 0.49) NA NA
5.40) 18.71)
B cells below LLOQ 6(54.5) 0.77 (=LLOQ, 1 (50.0) 0.49 (0.49. 0.49) NA NA
5.40)
B cells detectable 5(455) |1.54(0.07.2943)| 0.06 (<=LLOQ, 1(50.0) 18.71(18.71, |0.03(0.03, 0.03) NA NA
0.72) 18.71)
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Ongoing Response Relapsed Nonresponder
N=34) N=17) N=4)
B cell (%0)* CART cells B cell (%0)? CAR T cells B cell (%0)* CART cells
Median Median Aedian Median Median Aledian
n (%) (Min, Max) (Min, Max) n (%) (Min, Max) (Min, Max) n (%) (Min, Max) (Min, Max)
Month 15 — all subjects 10(29.4) |443(0.02,42.10) | 044 (=LLOQ, | 3(17.6) 2046 (1936, 034 (=LLOQ, NA NA
436) 21.56) 0.54)
B cells below LLOQ 3(30.0) 090 (0.09,436)| 1(33.3) 0.54 (0.54, 0.54) NA NA
B cells detectable 7(70.0) |443(0.02,42.10) | 034 (=LLOQ. | 2(66.7) 2046 (19.36, 0.17 (<=LLOQ, NA NA
0.62) 21.56) 0.34)
Month 18 — all subjects 11(324) | 794(0.04,31.89) | 0.24 (<LLOQ, 1(59) 1599 (1599, |0.31(0.31,031) NA NA
3.17) 15.99)
B cells below LLOQ 6(54.5) 1.19(021,3.17) NA NA
B cells detectable 5(455) |794(0.04.31.89)( 0.02(<=LLOQ, | 1(100.0) 1599 (1599, |0.31(0.31,031) NA NA
0.24) 15.99)
Month 24 — all subjects 8(23.5) |9.07(0.03,4538) | 0.05(<LLOQ, 1({5.9) 13.37 (1337, NA NA
0.62) 13.37)
B cells below LLOQ 2(25.0) 0.35(0.08, 0.62) NA NA
B cells detectable 6(75.0) |9.07(0.03.4538)( 0.02 (<=LLOQ, | 1(100.0) 13.37 (1337, NA NA
0.54) 13.37)

Data cutoff date = 24JUL2019

Abbreviations: CAR. chimeric antigen receptor; LLOQ, lower limit of quantification; Max, maxinmm; Min, minimum; NA, not applicable.

Notes: Ongoing response data for ZUMA-2 are based on the first 60 subjects who recerved KTE-X19 1n ZUMA-2 Cohert 1, and had the opportunity to be evaluated for response
6 months after the Week 4 disease assessment (inferential analysis set). Nonresponders are defined as subjects expeniencing best response of stable or progressive disease. Blank
cells indicate a value that below the lower linut of quantification or was not measured. "NA™ mdicates time points for which no data are available. Four subjects were censored and

excluded from this analysis because they had a new anti-cancer therapy. and 1 subyect was excluded because of consent withdrawal.

a  B-cell levels are given as a percentage representing the number of CD19*, CD20" or CD19°CD20" B cells relative to viable CD45 lymphocytes.

Source: applicant submission: Table 12 in section 5.3.4.2. ZUMA-2 Pharmacokinetics/ Pharmacodynamics Report, page 59-60.
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6.1.2.6 Replication-competent Retrovirus (RCR)

KTE-X19 com

prises retroviral vector transduced T cells, the presence of replication-competent

retrovirus (RCR) in the blood of treated subjects were monitored during the study. No subjects
were found to be RCR positive at any time.

6.1.3 Conclusions

e Genera
o}

| pharmacokinetics/cellular kinetics of KTE-X19:

Following infusion, KTE-X19 exhibited an initial rapid expansion phase followed
by a rapid decline and then a gradual decrease. The median time to reach peak
levels of KTE-X19 in blood was 15 days post-infusion.

At the dose of 2 x 10° anti-CD19 CAR T cells/kg, KTE-X19 levels decreased to
near baseline at Month 3 post-infusion. KTE-X19 was detectable in some adult
subjects with r/r MCL up to 24 months in peripheral blood at the time of the data
cutoff date.

At the dose of 0.5 x 10° anti-CD19 CAR T cells/kg, the peak levels and AUCo-2ed
of KTE-X19 were approximately 60% of that in subjects treated at the dose of 2 x
10° anti-CD19 CAR T cells/lkg. KTE-X19 levels decreased to undetectable levels
in majority of the evaluable subjects by 15 months post-dose.

o KTE-X19 pharmacokinetics/cellular kinetics in specific populations:

(0]

[BLA125703/0]

KTE-X19 exposure (Cmax and AUCo-284) was numerically higher in subjects < 65
years of age compared to subjects > 65 years of age. However, with limitations
imposed by high inter-subject variability of KTE-X19 exposure, small sample
size, and other factors such as tumor burden, the impact of age on KTE-X19
exposure should be interpreted with caution.

KTE-X19 exposure were similar between male and female subjects.

Baseline tumor burden did not show a monotonic association with KTE-X19
expansion.

Tocilizumab and corticosteroids were used in management of CRS and neurologic
events after treatment with KTE-X19. Subjects who received both tocilizumab
and corticosteroids higher KTE-X19 exposure than subjects who received either
medication alone or neither medication. These observations are confounded by
the fact that the need for tocilizumab and/or corticosteroids was triggered by
toxicity, which was associated with higher KTE-X19 exposures.
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e After infusion, substantially higher median values of Cmax and AUCo-28¢ 0of KTE-X19
were reported in responders [complete response (CR) and partial response (PR)]
compared to non-responders.

e Higher KTE-X19 exposure (Cmax and AUCo-284) were reported in subjects with higher
grades of CRS or neurologic event (Grade 3 or higher versus Grade 2, Grade 1, or no
events).

e After KTE-X19 infusion, substantial elevation in peak levels and AUCo-284 Were observed
in subjects with Grade 3 or higher CRS compared to subjects with Grade 2, Grade 1 or no
CRS for following biomarkers: ferritin, granzyme B, IL-2Ra, IL-6, IL-8, IL-10, IL-15,
perforin, and TNF-o.

e After KTE-X19 infusion, substantial elevation in peak levels and AUCo-284 Were observed
in subjects with Grade 3 or higher neurologic event compared to subjects with Grade 2,
Grade 1 or no neurologic event for following biomarkers: granzyme B, IFN-y, IL-1RA,
IL-2, IL-6, IL-10, IL-15, and TNF-q.

e Cytokines and immune effector molecules were evaluated in available CSF samples
(n=17):
o0 Levels of three pro-inflammatory cytokines (CRP, CXCL-10, and IL-6) were at
least 5-fold higher than the median baseline values.
0 Median levels of following analytes were substantially elevated in the CSF of
subjects with Grade 3 or higher neurologic events compared to levels in subjects
who had Grade 2, Grade 1, or no neurologic events: CRP, ferritin, ICAM-1, IL-
2Ra, IL-6, IL-8, and VCAM-1.
Due to high inter-subject variability and small sample size, the data should be interpreted
with caution.

e KTE-X19 induced B-cell aplasia in majority of the treated subjects. Median B-cell levels
were recovered to 10.62% (range: 3.97-15.99%) by Month 18 in evaluable subjects.

e There was no reported presence of replication-competent retrovirus (RCR) in the blood of
KTE-X19 treated subjects.
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