Open access Original research

e Ipact of prior therapies and
subsequent transplantation on outcomes
in adult patients with relapsed or
refractory B-cell acute lymphoblastic
leukemia treated with brexucabtagene
autoleucel in ZUMA-3

Bijal D Shah @ ,' Ryan D Cassaday © ,? Jae H Park,® Roch Houot,*

Olalekan O Oluwole,® Aaron C Logan,® Nicolas Boissel,” Thibaut Leguay,®

Michael R Bishop,® Max S Topp,'® Dimitrios Tzachanis,'" Kristen M O'Dwyer, '
Martha L Arellano,™ Yi Lin,'* Maria R Baer,' Gary J Schiller,'® Marion Subklewe,'’
Mehrdad Abedi,'® Monique C Minnema,'® William G Wierda,?® Daniel J DeAngelo,?’
Patrick J Stiff,?> Deepa Jeyakumar,?® Dagin Mao,?* Sabina Adhikary,>* Lang Zhou,?*

To cite: Shah BD, Cassaday RD,
Park JH, et al. Impact of prior
therapies and subsequent
transplantation on outcomes

in adult patients with relapsed
or refractory B-cell acute
lymphoblastic leukemia

treated with brexucabtagene
autoleucel in ZUMA-3. Journal
for ImmunoTherapy of Cancer
2023;11:¢007118. doi:10.1136/
jitc-2023-007118

» Additional supplemental

material is published online only.

To view, please visit the journal
online (http://dx.doi.org/10.
1136/jitc-2023-007118).

BDS and AG contributed equally.
Accepted 18 June 2023

| '.) Check for updates

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Bijal D Shah;
Bijal.Shah@moffitt.org

Petra C Schuberth,?* Rita Damico Khalid,?* Armin Ghobadia®

ABSTRACT

Background Brexucabtagene autoleucel (brexu-cel) is
an autologous anti-CD19 chimeric antigen receptor (CAR)
T-cell therapy approved in the USA for adults with relapsed
or refractory (R/R) B-cell acute lymphoblastic leukemia
(B-ALL) and in the European Union for patients >26 years
with R/R B-ALL. After 2 years of follow-up in ZUMA-3,

the overall complete remission (CR) rate (CR+CR with
incomplete hematological recovery (CRi)) was 73%, and
the median overall survival (OS) was 25.4 months in 78
Phase 1 and 2 patients with R/R B-ALL who received the
pivotal dose of brexu-cel. Outcomes by prior therapies and
subsequent allogeneic stem cell transplantation (alloSCT)
are reported.

Methods Eligible adults had R/R B-ALL and received one
infusion of brexu-cel (1x10° CAR T cells/kg) following
conditioning chemotherapy. The primary endpoint was the
CR/CRIi rate per central review. Post hoc subgroup analyses
were exploratory with descriptive statistics provided.
Results Phase 1 and 2 patients (N=78) were included
with median follow-up of 29.7 months (range, 20.7-58.3).
High CR/CRi rates were observed across all prior therapy
subgroups examined: 1 prior line of therapy (87%, n=15)
and >2 prior lines (70%, n=63); prior blinatumomab (63%,
n=38) and no prior blinatumomab (83%, n=40); prior
inotuzumab (59%, n=17) and no prior inotuzumab (77%,
n=61); and prior alloSCT (76%, n=29) and no prior alloSCT
(71%, n=49). The frequency of Grade >3 cytokine release
syndrome, neurological events, and treatment-related
Grade 5 adverse events were largely similar among prior
therapy subgroups.

Median duration of remission (DOR) in responders with
(n=14) and without (n=43) subsequent alloSCT was 44.2
(95% Cl, 8.1 to not estimable (NE)) and 18.6 months (95%
Cl, 9.4 to NE); median 0S was 47.0 months (95% Cl, 10.2

WHAT IS ALREADY KNOWN ON THIS TOPIC

= It is unclear what the optimal sequencing of avail-
able salvage therapies is for patients with relapsed
or refractory (R/R) B-cell acute lymphoblastic leu-
kemia (B-ALL) and whether allogeneic stem cell
transplantation (alloSCT) following chimeric antigen
receptor T-cell therapy provides patients with long-
term benefits.

WHAT THIS STUDY ADDS

= In ZUMA-3, adults with R/R B-ALL benefited from
brexucabtagene autoleucel (brexu-cel), regardless
of prior therapies and subsequent alloSCT status,
though survival appeared better in patients without
certain prior therapies and in earlier lines of therapy.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Together, these results suggest that meaningful
clinical responses can be obtained with brexu-cel
therapy in adult patients with R/R B-ALL following
multiple prior therapies, with manageable safety,
and that subsequent alloSCT may not be necessary
to achieve long-term survival following brexu-cel
therapy.

to NE) and not reached (95% Cl, 23.2 to NE), respectively.
Median DOR and OS were not reached in responders
without prior or subsequent alloSCT (n=22).
Conclusions In ZUMA-3, adults with R/R B-ALL
benefited from brexu-cel, regardless of prior therapies
and subsequent alloSCT status, though survival appeared
better in patients without certain prior therapies and in
earlier lines of therapy. Additional studies are needed to
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determine the impact prior therapies and subsequent alloSCT have on
outcomes of patients who receive brexu-cel.

INTRODUCTION

Adult patients with relapsed or refractory (R/R) B-cell
acute lymphoblastic leukemia (B-ALL) have a poor
prognosis with worsening outcomes for each subse-
quent salvage therapy.! Although blinatumomab
and inotuzumab have improved outcomes for adults
with R/R B-ALL, the median overall survival (OS)
following these therapies is <8.0 months, highlighting
an important unmet need.” > A common treatment
strategy to improve outcomes following salvage therapy
is to consolidate with allogeneic stem cell transplan-
tation (alloSCT), currently the only potentially cura-
tive therapy for B-ALL; however, this strategy relies on
achieving remission with salvage therapy and for some
patients, can be associated with certain toxicities such
as graft-versus-host disease."

Brexucabtagene autoleucel (brexu-cel, formerly
known as KTE-X19) is an autologous anti-CD19
chimeric antigen receptor (CAR) T-cell therapy

approved in the USA to treat adults with R/R B-ALL
and in the European Union to treat patients >26 years
with R/R B-ALL based on the positive results of the
pivotal ZUMA-3 study (NCT02614066).° ® After 2 years
of follow-up in ZUMA-3, brexu-cel demonstrated a high
overall complete remission (CR) rate (CR+CR with
incomplete hematological recovery (CRi)) of 73%), with
a median duration of remission (DOR) of 18.6 months
and a median OS of 25.4 months in 78 adults (age >18
years) with R/R B-ALL who received the pivotal dose of
brexu-cel.”

With multiple salvage therapies now available for R/R
B-ALL, questions remain regarding optimal sequencing
of these therapies. It is unclear how prior exposure to
CD19-targeting and CD22-targeting therapies such as
blinatumomab and inotuzumab may impact outcomes
with subsequent anti-CD19 CAR Tecell therapy.® ? Addi-
tionally, it is not known whether consolidation with
alloSCT following remission with autologous anti-CD19
CAR T-=cell therapy in adults with R/R B-ALL is neces-
sary to produce durable remissions, given the potential
for long-term responses with CAR T-cell therapies alone
in certain lymphomas.lo_13 Therefore, to better under-
stand how prior therapies and subsequent alloSCT may
impact outcomes of patients with R/R B-ALL treated with
brexu-cel, we performed exploratory post hoc assessments
of efficacy and safety outcomes in various prior treatment
subgroups and efficacy durability outcomes in subsequent
alloSCT subgroups. Here, we report outcomes by prior
exposure to blinatumomab, inotuzumab, or alloSCT and
by subsequent alloSCT status after more than 2 years of
follow-up in a pooled analysis of Phase 1 and 2 ZUMA-3
adult patients with R/R B-ALL who received the pivotal
dose of brexu-cel.

METHODS

Study design and patients

Detailed methodology for the single-arm, multicenter,
Phase 1/2 ZUMA-3 study (NCT02614066) was previously
reported (online supplemental methods)."* '° Briefly,
patients were aged 218 years with R/R B-ALL (>5% blasts
in the bone marrow (BM)). R/R disease was defined as
primary refractory, first relapse after remission of <12
months, R/R after 22 previous lines of systemic therapy,
or R/R after alloSCT. Patients with prior alloSCT could
enroll if the alloSCT occurred at least 100 days before
enrollment and the patient discontinued use of immu-
nosuppressive medications >4 weeks before enrollment.
Patients could have received previous blinatumomab
given CDI9 tumor expression from BM or circulating
blasts was documented after completing the most recent
prior line of therapy; if CD19 expression was quantified,
then 290% CD19-positive blasts were required for inclu-
sion. ZUMA-3 was conducted in accordance with the
Declaration of Helsinki principles.15

Procedures

Patients underwent leukapheresis followed by condi-
tioning chemotherapy (intravenous fludarabine 25 mg/
m? on Days -4, -3, and -2; and intravenous cyclophos-
phamide 900 mg/m* on Day -2) and a single infusion
of brexu-cel at a target dose of 1x10° CAR T cells/kg on
Day 0. Bridging chemotherapy was allowed per physi-
cian’s discretion as previously reported and outlined in
the protocol (online supplemental file 1)."” Following
bridging therapy, BM blast levels were reevaluated by
Day —4 pre-infusion. AlloSCT was allowed as subsequent
consolidative therapy following brexu-cel treatment at
physician’s discretion but was not protocol-defined.

Outcomes

The primary endpoint was the overall CR/CRi rate
per independent central assessment. Key secondary
endpoints included DOR and relapse-free survival (RFS)
per independent central assessment, with patients under-
going new anticancer therapies (including alloSCT)
censored; OS; and safety. Exploratory endpoints included
CAR T-cell levels in the blood.

Statistical analyses

Efficacy, safety, and exploratory endpoints are reported
in Phase 2 treated patients and pooled Phase 1 and 2
patients treated with the pivotal dose of brexu-cel (1x10°
CAR T cells/kg) in ZUMA-3. Post hoc subgroup efficacy
and safety assessments were performed by prior number
of therapy lines (1 prior line and >2 prior lines), prior
blinatumomab therapy (yes or no), prior inotuzumab
therapy (yes or no), and prior alloSCT (yes or no; all prior
therapies were received prior to enrollment on study and
not used as bridging therapy). Post hoc subgroup efficacy
durability assessments were performed by subsequent
alloSCT (yes or no).
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Time-to-event  endpoints were analyzed using
the Kaplan-Meier method. Subgroup analyses were
unplanned and conducted retrospectively. As such, no
specific hypotheses were tested, and only descriptive
statistics are reported.

Role of the funding source

The study sponsor, in collaboration with the authors,
participated in designing the study; collecting, analyzing,
and interpreting the data; and writing the report.

RESULTS

Patients

At data cut-off, the median follow-up time was 26.8
months (range, 20.7-32.6) for Phase 2 treated patients
(N=b5b). Baseline characteristics for Phase 2 patients were
previously reported.'”” A total of 78 patients in ZUMA-3
(23 Phase 1 patients and 55 Phase 2 patients) received
the pivotal dose of brexu-cel (22 Phase 1 patients received
other doses of brexu-cel and were not included in this
analysis'*), with a median follow-up duration of 29.7
months (range, 20.7-58.3) at data cut-off (July 23, 2021).
The median age was 42.5 years (range, 18-84), with 12
patients aged 65 years or older (15%). Most patients had
an Eastern Cooperative Oncology Group performance
status score of 1 (72%) and had greater than 25% BM
blasts at baseline (72%). The median number of prior
therapies received was 2 (range, 1-8), with 63 patients
(81%) receiving >2 prior therapies. Additional baseline
characteristics are included in table 1.

Outcomes by number of prior therapy lines

Of the 78 pooled Phase 1 and 2 patients, 15 (19%)
patients received 1 prior line of therapy and 63 (81%)
patients received >2 prior lines of therapy at baseline,
with a median age of 39 (range, 21-65) and 44 years
(range, 18-84), respectively. Most baseline patient and
disease characteristics were largely similar between 1 and
>2 prior therapy subgroups, with some differences in
the types of prior therapies received and response to last
prior therapy (table 1).

Overall CR/CRIi rates, per independent central review,
were 87% (95% CI, 60% to 98%; 80% CR rate) in patients
who received 1 prior therapy and 70% (95% CI, 57% to
81%; 56% CR rate) in those who received >2 prior ther-
apies (table 2). In patients who achieved a response, the
median DOR censored at subsequent therapy, including
alloSCT, was 4.9 months (95% CI, 1.8 to not estimable
(NE); n=13) for those with 1 prior therapy and was 20.0
months (95% CI, 10.3 to NE) for those with >2 prior
therapies (n=44; table 2; figure 1A). Median DOR not
censored at subsequent alloSCT was 5.7 months (95%
Cl, 4.4 to NE) and 20.0 months (95% CI, 12.8 to 24.1)
for responders with 1 or >2 prior therapies, respectively
(online supplemental figure S1A). At data cut-off, 1 of the
13 responders (CR or CRi) with 1 prior therapy (8%) was
in ongoing remission withoutsubsequent therapy, 3 (23%)

proceeded to subsequent alloSCT, 4 (31%) proceeded to
other anticancer therapies (online supplemental table
S1), 1 (8%) was lost to follow-up, and 4 (31%) relapsed.
Of the 44 responders who had received >2 prior lines of
therapy, 11 (25%) were in ongoing remission without
subsequent therapy, 11 (25%) proceeded to subsequent
alloSCT, 4 (9%) proceeded to other anticancer therapies
(online supplemental table S1), 15 (34%) relapsed, and
3 (7%) died (1 due to COVID-19, 1 due to progressive
disease, and 1 due to an adverse event (AE)).

Median RFS censored at subsequent therapy, including
alloSCT, was 6.1 months (95% CI, 2.8 to NE) for patients
with 1 prior therapy and 11.7 months (95% CI, 2.7 to 20.5)
for patients with >2 prior therapies (table 2 and online
supplemental figure S2A). Median RFS not censored
at subsequent alloSCT was 7.6 months (95% CI, 2.8 to
NE) for patients with 1 prior therapy and 12.3 months
(95% CI, 4.0 to 20.5) for patients with >2 prior therapies
(online supplemental figure S1B). The median OS was
not reached (NR; 95% CI, 7.6 to NE) in patients with 1
prior therapy and was 25.4 months (95% CI, 15.9 to NE)
in patients with 22 prior therapies (table 2; figure 2A).

Of the patients with 1 prior therapy, 1 (7%) experienced
a Grade 5 AE that was deemed not related to brexu-cel
treatment (progressive disease), 2 (13%) experienced
Grade 23 cytokine release syndrome (CRS), and 6 (40%)
experienced Grade >3 neurological events (table 3). Of
the patients with >2 prior therapies, 13 (21%) experi-
enced a Grade 5 AE, 2 of which were related to brexu-cel
treatment (brain herniation and septic shock as previ-
ously reported) and 11 of which were deemed not related
to brexu-cel treatment (progressive disease (4), sepsis
(2), graft-versus-host disease (1), herpes simplex viremia
(1), pneumonia (1), pneumonia fungal (1), respiratory
failure (1)'%; 18 patients (29%) experienced Grade >3
CRS, and 19 (30%) experienced Grade >3 neurological
events (table 3).

Of the 55 Phase 2 treated patients, 10 (18%) had 1 prior
line of therapy and 45 (82%) had >2 prior lines (online
supplemental table S2). Efficacy outcomes in Phase 2
treated patients with 1 or 22 prior therapies were consis-
tent with those reported in the larger pooled Phase 1
and 2 analysis (table 2). Kaplan-Meier estimates of DOR,
RFS (both censored at subsequent therapy including
alloSCT), and OS in Phase 2 treated patients by number
of prior therapy lines are provided in online supple-
mental figures S3A, S4A, and S5A, respectively. Incidence
of Grade <3 CRS and neurological events are reported in
online supplemental table S3.

Outcomes by prior blinatumomab

Of the 78 pooled Phase 1 and 2 treated patients, 38 (49%)
received prior blinatumomab therapy with a median time
from blinatumomab initiation to brexu-cel infusion of
5.6 months (range 2.3-45.7). Seventeen of these patients
(45%) received blinatumomab as their last prior therapy
before receiving brexu-cel, with a median time from blina-
tumomab to brexu-cel of 3.4 months (range 2.3-45.7;
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Figure 1 Duration of remission (censored at subsequent alloSCT) in Phase 1 and 2 treated patients by (A) prior number of
therapy lines, (B) prior blinatumomab exposure, (C) prior inotuzumab exposure, and (D) prior alloSCT exposure. Kaplan-Meier
estimates of the duration of remission by central assessment, with censoring of patients at subsequent alloSCT. alloSCT,
allogeneic stem cell transplantation; CR, complete remission; CRi, complete remission with incomplete hematological recovery;

mo, month; NE, not estimable; No, number; NR, not reached.
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Figure 2 Overall survival in Phase 1 and 2 treated patients by (A) prior number of therapy lines, (B) prior blinatumomab

exposure, (C) prior inotuzumab exposure, and (D) prior alloSCT exposure. Kaplan-Meier estimates of the overall survival.
alloSCT, allogeneic stem cell transplantation; mo, month; NE, not estimable; No, number; NR, not reached.
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Table 3 Summary of cytokine release syndrome and neurological events in pooled Phase 1 and 2 patients treated at pivotal

dose (N=78)

Prior number of

therapies Prior blinatumomab Prior inotuzumab Prior alloSCT
1 >2 Yes No Yes No Yes No
(n=15) (n=63) (n=38) (n=40) (n=17) (n=61) (n=29) (n=49)
Cytokine release syndrome, n (%)* 14 (93) 58 (92) 34 (89) 38 (95) 16 (94) 56(92) 26(90) 46 (94)
Grade 1 5(33) 10 (16) 4 (11) 11 (28) 3(18) 12(20) 6(21) 9(18)
Grade 2 7 (47) 30 (48) 18 (47) 19 (48) 7 (41) 30(49) 15(52) 22 (45)
Grade >3 2 (13) 18 (29) 12 (32) 8 (20) 6 (35) 1423) 5(17) 15(31)
Neurological events, n (%)t 11 (73) 42 (67) 24 (63) 29 (73) 13(76) 40(6) 18(62) 35 (71)
Grade 1 3 (20) 6 (10) 4 (11) 5(13) 4 (24) 5(8) 2 (7) 7 (14)
Grade 2 2 (13) 17 (27) 11 (29) 8 (20) 3(18) 16(26) 8(28) 11(22)
Grade >3 6 (40) 19 (30) 9 (24) 16 (40) 6 (35) 19(31) 8(28) 17(35)

*Cytokine release syndrome is graded per the revised grading system proposed by Lee et al.'®
TNeurological events are identified based on a modification of criteria proposed by Topp and colleagues.17

alloSCT, allogeneic stem cell transplantation.

best overall responses for patients with blinatumomab as
last prior therapy are summarized in online supplemental
table S4. Forty (51%) patients did not receive prior blina-
tumomab. For patients with and without prior blina-
tumomab therapy, respectively, the median age was 39
years (range, 18-84) and 44.5 years (range, 19-77); the
median number of prior therapies was 3 (range, 1-8) and
2 (range, 1-5; table 1). Most baseline patient and disease
characteristics were largely similar among patients with
and without prior blinatumomab therapy, with notable
differences in the median BM blast levels at baseline (70%
vs 54%, respectively), the proportion of patients with R/R
disease after second or greater lines of therapy (92% vs
63%, respectively), the proportion of patients with three
or more prior lines of therapy (58% vs 38%, respectively),
and the proportion of patients experiencing their first
relapse within 12.0 months of remission (18% vs 38%,
respectively; table 1).

Overall CR/CRIi rates by independent central review
were 63% (95% CI, 46% to 78%; CR rate, 47%) in patients
with prior blinatumomab and 83% (95% CI, 67% to
93%; CR rate, 73%) in patients without prior blinatum-
omab therapy (table 2). Medians for DOR and RFS (both
censored at subsequent therapy, including alloSCT) and
OS in patients with prior blinatumomab therapy were
14.6 (95% CI, 9.6 to NE), 7.3 (95% CI, 0 to 15.5), and
15.9 (95% CI, 8.3 to 25.4) months, respectively, and were
18.6 (95% CI, 5.2 to NE), 11.7 (95% CI, 6.1 to NE), and
47.0 (95% CI, 18.6 to NE) months for patients without
prior blinatumomab therapy (table 2, figure 1B, online
supplemental figure S2B, and figure 2B). At data cut-off,
5 of the 24 patients with CR/CRi who had received prior
blinatumomab therapy (21%) were in ongoing remis-
sion without subsequent therapy, 5 (21%) proceeded to
subsequent alloSCT, 4 (17%) proceeded to other anti-
cancer therapies, 7 (29%) relapsed, and 3 (13%) died.
Of the 33 patients with CR/CRi who did not receive prior

blinatumomab therapy, 7 (21%) were in ongoing remis-
sion without subsequent therapy, 9 (27%) proceeded to
subsequent alloSCT, 4 (12%) proceeded to other anti-
cancer therapies, 12 (36%) relapsed, and 1 (3%) was lost
to follow-up.

Grade 5 AEs were reported in 9 patients (24%) with
prior blinatumomab therapy and 5 patients (13%)
without prior blinatumomab therapy; of these, 1 AE per
subgroup was deemed related to brexu-cel therapy, as
previously reported.'”” Grade >3 CRS and neurological
events occurred in 12 (32%) and 9 patients (24%) with
prior blinatumomab therapy, respectively, and in 8 (20%)
and 16 (40%) patients without prior blinatumomab
therapy, respectively (table 3).

Of the 55 Phase 2 treated patients, 25 patients (45%)
had prior blinatumomab and 30 (55%) did not. Efficacy
outcomes in Phase 2 treated patients with or without
prior blinatumomab therapy were largely similar to
those reported in the pooled Phase 1 and 2 prior blina-
tumomab subgroups (table 2). Kaplan-Meier estimates
of DOR, RFS (both censored at subsequent therapy
including alloSCT), and OS in Phase 2 treated patients
who received prior blinatumomab are provided in online
supplemental figure S3B, S4B and S5B, respectively. Inci-
dence of Grade <3 CRS and neurological events in Phase
2 patients are reported in online supplemental table S3.

Outcomes by prior inotuzumab

Of the 78 pooled Phase 1 and 2 treated patients, 17
patients (22%) had prior inotuzumab therapy, with a
median time from inotuzumab to brexu-cel of 4.7 months
(range, 2.0-13.9); 61 patients (78%) did not receive prior
inotuzumab therapy. Nine patients received inotuzumab
as their last prior therapy before brexu-cel infusion,
with a median time from inotuzumab to brexu-cel of 2.6
months (range, 2.0-6.4). Patients who did and did not
receive prior inotuzumab therapy had a median age of
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46 and 39 years, a median baseline BM blast level of 76%
and 52%, and a median number of prior therapies of
three and two, respectively. Notable differences in base-
line characteristics for patients with and without prior
inotuzumab include the proportion of patients who were
R/R to second or greater line of therapy (100% and 70%,
respectively) and the proportion of patients who had
their first relapse within 12.0 months of remission (0% vs
36%, respectively; table 1).

Patients with prior inotuzumab therapy had an overall
CR/CRi rate of 59% (95% CI, 33% to 82%; CR rate, 41%),
whereas patients who did not receive prior inotuzumab
therapy had an overall CR/CRi rate of 77% (95% CI, 65% to
87%; CR rate, 66%). Medians for DOR (censored at subse-
quent anticancer therapy including alloSCT) were 10.3
months (95% CI, 1.0 to NE; n=10) and 18.6 months (95%
CI, 9.4 to NE; n=47), respectively (table 2; figure 1C). At data
cut-off, 2 of the 10 patients with prior inotuzumab therapy
with CR/CRi (20%) were in ongoing remission, 1 (10%)
proceeded to subsequent alloSCT, 1 (10%) proceeded to
other anticancer therapy, and 6 (60%) relapsed. Of the 47
patients without prior inotuzumab therapy with CR/CRi,
10 (21%) were in ongoing remission, 13 (28%) proceeded
to subsequent alloSCT, 7 (15%) proceeded to other anti-
cancer therapies, 13 (28%) relapsed, 3 (6%) died, and 1
(2%) was lost to follow-up. Medians for RFS (censored at
subsequent anticancer therapy including alloSCT) and OS
were 2.2 (95% CI, 0 to 12.3) and 8.8 (95% CI, 2.2 to NE)
months, respectively, in patients with prior inotuzumab
therapy and 14.2 (95% CI, 6.1 to 25.4) and 47.0 (95% CI,
18.6 to NE) months, respectively, in patients who did not
receive prior inotuzumab therapy (table 2, online supple-
mental figure S2C, figure 2C).

Grade 5 AEs occurred in 4 patients (24%) with prior
inotuzumab therapy and in 10 patients (16%) without
prior inotuzumab therapy; of these, 1 Grade 5 AE in
each subgroup was deemed brexu-cel-related. Grade
>3 CRS was experienced by 6 patients (35%) with prior
inotuzumab therapy and 14 patients (23%) without prior
inotuzumab therapy. Six (35%) of the patients with prior
inotuzumab therapy and 19 (31%) of the patients without
prior inotuzumab therapy experienced Grade >3 neuro-
logical events (table 3).

Of the 55 Phase 2 treated patients, 12 (22%) had
prior inotuzumab therapy and 43 (78%) did not. Prior
inotuzumab response rates and median DOR and RFS
(censored at subsequent anticancer therapy including
alloSCT) in Phase 2 were consistent with the pooled Phase
1 and 2 analysis; though for Phase 2 patients, the differ-
ence in median OS between patients with and without
prior inotuzumab (15.9 months vs 26.0 months, respec-
tively) was less pronounced compared with the reported
difference between pooled Phase 1 and 2 prior inotu-
zumab subgroups (8.8 months vs 47.0 months, respec-
tively; table 2, online supplemental figures S3C,S4C and
S5C). Incidence of Grade <3 CRS and neurological events
in Phase 2 patients are reported in online supplemental
table S3.

Outcomes by prior alloSCT

Of the 78 pooled Phase 1 and 2 treated patients, 29
(37%) had prior alloSCT and 49 (63%) did not. Six of
the 29 patients with prior alloSCT received alloSCT as
their last prior therapy with a median time from alloSCT
to brexu-cel of 11.4 months (range, 7.0-45.3). Baseline
patient and disease characteristics were largely similar
between prior alloSCT subgroups (yes or no), with slight
differences in median age (39 vs 45, respectively), median
number of prior therapies (three vs two, respectively), the
proportion of patients with Philadelphia chromosome-
positive disease (34% vs 14%, respectively), and the
proportion of patients with prior radiotherapy (48% vs
10%, respectively; table 1).

Patients who received prior alloSCT had an overall CR/
CRi rate of 76% (95% CI, 56% to 90%; CR rate, 59%)
whereas patients who did not receive prior alloSCT had
an overall CR/CRi rate of 71% (95% CI, 57% to 83%,
CR rate, 61%; table 2). Median DOR (censored at subse-
quent therapy including alloSCT) was 14.6 months (95%
CI, 8.7 to 23.6) for patients with prior alloSCT and NR
(95% CI 5.2 to NE) for patients without prior alloSCT
(table 2 and figure 1D). At data cut-off, 4 (18%) of the
22 patients with prior alloSCT with CR/CRi were in
ongoing remission without subsequent therapy, 1 (5%)
proceeded to subsequent alloSCT, 2 (9%) proceeded
to other anticancer therapy, 12 (55%) relapsed, and 3
(14%) died. Of the 35 patients without prior alloSCT
with CR/CRj, 8 (23%) were in ongoing remission without
subsequent therapy, 13 (37%) proceeded to subsequent
alloSCT, 6 (17%) proceeded to other anticancer thera-
pies, 7 (20%) relapsed, none died, and 1 (3%) was lost
to follow-up. Medians for RFS (censored at subsequent
therapy including alloSCT) were similar between prior
alloSCT subgroups (yes or no) at 12.3 months (95% CI,
2.7 t0 20.5) and 10.3 months (95% CI, 2.7 to NE), respec-
tively (table 2; Online supplemental figure S2D), whereas
median OS was 25.4 months (95% CI, 14.2 to NE) in
patients with prior alloSCT compared with 47.0 months
(95% CI, 10.9 to NE) in patients without prior alloSCT
(table 2; figure 2D).

Incidence of Grade =3 CRS in patients with prior
alloSCT (n=5) was 17% and 31% in patients without prior
alloSCT (n=15) (table 3). Grade >3 neurological events
occurred in 8 patients (28%) with prior alloSCT and 17
patients (35%) without prior alloSCT (table 3). Grade 5
AEs were experienced by 5 patients (17%) who received
prior alloSCT and 9 patients (18%) who did not receive
prior alloSCT; of these, 1 Grade 5 AE in each subgroup
was deemed brexu-cel-related.

Of the 55 Phase 2 treated patients, 23 (42%) had prior
alloSCT, and 32 (58%) did not. Efficacy outcomes for
prior alloSCT subgroups were similar between Phase 2
and pooled Phase 1 and 2 patients, with median DOR not
reached in patients who did not receive prior alloSCT in
both patient populations (table 2, online supplemental
figures S3D,S4D and S5D). Incidence of Grade <3 CRS
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and neurological events is reported in online supple-
mental table S3.

Outcomes by subsequent alloSCT

Of the 78 pooled Phase 1 and 2 treated patients, 15
(19%) proceeded to subsequent alloSCT with a median
time to alloSCT of 95.0 days (range, 60-390) for those
with CR (n=11) and 134.0 days (range, 65-175) for those
with CRi (n=3); and 63 patients (81%) did not proceed to
subsequent alloSCT. Baseline characteristics were largely
similar between responders who did and did not receive
subsequent alloSCT; though responders who did receive
subsequent alloSCT had a lower median number of prior
therapies (two vs three), had a lower median level of BM
blasts at baseline (37% vs 60%), and were less likely to
have received a prior alloSCT (7% vs 49%) compared
with responders who did not receive subsequent alloSCT
(online supplemental table S5).

The median DOR (not censored at subsequent
alloSCT) was 44.2 months (95% CI, 8.1 to NE) among
responders who received subsequent alloSCT (n=14) and
18.6 months (95% CI, 9.4 to NE) among responders who
did not receive subsequent alloSCT (n=43; figure 3A).
At data cutoff, 7 (50%) of the 14 responders with
subsequent alloSCT were in ongoing remission, 1 (7%)
patient had proceeded to other anticancer therapies, 1
(7%) patient had relapsed, and 5 (36%) patients had
died. Twelve (28%) of the 43 responders without subse-
quent alloSCT were in ongoing remission, 8 (19%)
had proceeded to other anticancer therapies, 19 (44%)
had relapsed, 3 (7%) had died, and 1 (2%) was lost to
follow-up. The median OS in responders with subsequent
alloSCT (n=14) was 47.0 months (95% CI, 10.2 to NE)
and was NR (95% CI, 23.2 to NE) in responders without
subsequent alloSCT (n=43; figure 3B).

Given that prior alloSCT may have confounding
effects on these analyses, DOR and OS were also assessed
in responders who did not receive prior alloSCT. For
responders who did not receive prior alloSCT but did
receive subsequentalloSCT (n=13), the median DOR (not
censored at subsequent alloSCT) was 44.2 months (95%
CI, 5.7 to NE), and for responders who did not receive
prior or subsequent alloSCT (n=22), the median DOR
was NR (95% CI, 4.7 to NE; figure 3C). At data cut-off,
7 (54%) of the 13 responders with no prior alloSCT who
received subsequent alloSCT were in ongoing remission;
1 (8%) proceeded to other anticancer therapy, 1 (8%)
relapsed, and 4 (31%) died. Of the 22 responders who
did notreceive prior or subsequent alloSCT, 8 (36%) were
in ongoing remission, 7 (32%) relapsed, 6 (27%) started
new anticancer therapy, none died, and 1 (5%) was lost
to follow-up. For responders without prior alloSCT but
with subsequent alloSCT (n=13), the median OS was 47.0
months (95% CI, 14.4 to NE), and for responders without
prior or subsequent alloSCT (n=22), the median OS was
NR (95% CI, 18.2 to NE; figure 3D).

Of the 55 Phase 2 treated patients, 11 (20%) proceeded
to subsequent alloSCT, and 44 (80%) did not. Medians

for DOR and OS for Phase 2 patients, per subsequent
alloSCT subgroups, were largely similar to those values
for corresponding alloSCT subgroups in pooled Phase
1 and 2 patients, with several medians not yet reached
at data cut-off. Kaplan-Meier estimates of DOR (not
censored at subsequent alloSCT) in responders with
and without subsequent alloSCT and in those who did
not receive prior alloSCT are depicted in online supple-
mental figure S6A and S6C. Kaplan-Meier estimates of OS
in patients with and without subsequent alloSCT and in
those who did not receive prior alloSCT are depicted in
online supplemental figure S6B and S6D.

CAR T-cell levels by prior blinatumomab and inotuzumab

As previously reported, median peak CAR T-cell levels
were significantly higher in Phase 2 responders compared
with non-responders and were modestly higher in
patients with ongoing responses compared with patients
who had relapsed before data cut-off (16.4 months of
median follow—up).15 In evaluable pooled Phase 1 and
2 treated patients, the median peak CAR T-cell levels in
blood by prior blinatumomab (yes or no) were 18.8 cells/
pL (range, 0-1533.4; n=31) and 34.8 cells/pL (range,
0-2777; n=35), respectively; and the median area under
the curve from time of dose to 28 days (AUC,,) CAR
T-cell levels in blood were 199.8 cell/plxdays (range,
0-19390.4; n=31) and 329.8 cell/pLxdays (0-20450.9;
n=35), respectively (figure 4A). These differences may
have been confounded by differences in baseline BM
blast levels, which were previously shown to be inversely
related to CAR T-cell expansion.15 Peak and AUC_,, CAR
T-cell levels in blood in pooled Phase 1 and 2 treated
patients by BM blast levels at baseline in patients with and
without prior blinatumomab are listed in online supple-
mental table S6. Peak and AUC ,, CAR T-cell levels by
blinatumomab as last prior therapy in evaluable pooled
Phase 1 and 2 patients are shown in online supplemental
figure S7.

The median peak and AUC ,, CAR T-ell levels in
blood were similar between evaluable pooled Phase 1 and
2 patients who received prior inotuzumab (n=16; peak,
27.1 cells/pL (range, 0-190); AUC, ,,, 240.8 cell/pLxdays
(range, 0-1351.9)) and patients who did not receive prior
inotuzumab (n=50; peak 23.9 cells/pL (range, 0-2777.0);
AUC . 258.3 cell/plxdays (range, 0-20450.9);
figure 4B). Peak and AUC ,, CAR T-cell levels in blood
among pooled Phase 1 and 2 treated patients by BM blast
levels at baseline in patients with and without prior inotu-
zumab are listed in online supplemental table S7.

DISCUSSION

With >2 years of follow-up in an expanded Phase 1 and 2
analysis of brexu-cel at the pivotal dose in ZUMA-3, adults
with R/R B-ALL continued to benefit from brexu-cel
regardless of prior therapies, with a median OS of nearly
4 years in some subgroups. Some differences in efficacy
outcomes were observed between post hoc univariate
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assessments of non-prespecified subgroups; however, it
is important to note that differences in baseline patient
and disease characteristics and small, unmatched sample
sizes in some subgroups may have confounded these
results. Therefore, these results should be interpreted
with caution.

The analysis of patients by number of lines of prior
therapy (1 or 22), in particular, may have been impacted
by the large sample size disparity between subgroups.
Patients with 1 line of prior therapy (n=15) had more
favorable overall CR/CRi rates and median OS compared
with those who had >2 prior therapies (n=63); however,
they appeared to have shorter median DOR and RFS
compared with those who had 22 prior therapies. Within
the smaller subgroup, specifically, censorship based on
the protocol-defined Kaplan-Meier calculations may have
attributed to these observed differences.

Patients without prior blinatumomab or inotuzumab
appeared to fare better across all efficacy outcomes
reported compared with patients who received these prior
therapies. One interpretation of these data is that using
brexu-cel in earlier lines of therapy may provide greater
benefit to patients; however, these comparisons do not
account for patients who achieved long-term remission
with these prior therapies. An analysis that accounts for
successes of earlier lines of therapy would be required
to determine the optimal sequencing of these agents.
It is also possible that differences in baseline character-
istics such as more aggressive disease, higher BM blast
levels, and higher median number of prior therapies in
patients with prior blinatumomab or inotuzumab may
have impacted these results. In addition, the observed
median OS in ZUMA-3 for these patient subgroups (15.9
and 8.8 months, respectively) are longer than the median
OS historically observed with blinatumomab or inotu-
zumab therapy in adults with R/R B-ALL (<8.0 months),
though differences in trial designs, eligibility criteria, and
patient populations limit the interpretability of cross-trial
comparisons.?”

Given that documented OS rates for patients with R/R
B-ALL decline with each subsequent salvage therapy, it
is expected that patients with multiple prior therapies
would have poorer outcomes in ZUMA-3; however, effi-
cacy outcomes in the prior therapy subgroups exam-
ined remained only marginally lower than the overall
ZUMA-3 population, suggesting benefit with brexu-cel in
patients who would typically have a poor prognosis with
salvage therapies." Even so, additional questions remain
regarding the impact that prior blinatumomab and inotu-
zumab may have on the effectiveness of CD19-targeting
CAR T cells." Despite somewhat lower response rates
in patients with prior blinatumomab and inotuzumab,
median peak and AUC, ,, CAR T-cell levels in blood were
not significantly different from patients who did have
these prior therapies (though trended lower in patients
with prior blinatumomab), suggesting that the prior use
of CD19-targeting and CD22-targeting therapies did not
significantly impact anti-CD19 CAR T-cell expansion in

brexu-cel-treated patients. Other possibilities reported
in the literature include potential modulation or loss of
the CD19 antigen from exposure to prior blinatumomab
therapy, which may result in a less-targetable antigen and,
therefore, reduced efficacy of subsequent CD19-targeting
therapies®; however, baseline lymphoblast CD19 expres-
sion was similar regardless of prior blinatumomab expo-
sure in ZUMA-3, as baseline CD19 positivity (>90% blast
positivity in quantitative assessments) was required for
inclusion in ZUMA-3 for patients with prior blinatum-
omab therapy. Factors contributing to the slightly lower
response rate observed in blinatumomab or inotuzumab-
exposed patients in ZUMA-3 remain to be determined.

Patients with prior alloSCT had a similar CR/CRi
rate but numerically shorter median OS compared with
patients without prior alloSCT; however, patients who had
prior alloSCT experienced the same median OS as the
overall population (25.4 months), thus benefiting greatly
from brexu-cel therapy. Patients with subsequent alloSCT
experienced favorable long-term response durability, with
a median DOR of 44.2 months. Although median DOR in
responders without subsequent alloSCT was 18.6 months,
long-term benefit of brexu-cel was observed in these
patients as well, with a median OS not yet reached after
more than 2 years of follow-up. Of note, the median time
to alloSCT after brexu-cel infusion (=4 months) may have
had a confounding impact on the DOR analysis; however,
a landmark analysis of DOR was not assessed due to the
limited number of patients with subsequent alloSCT (14
responders). In addition, the median DOR and OS in
responders without prior or subsequent alloSCT were not
yet reached, suggesting that brexu-cel alone can induce
durable responses in patients with R/R B-ALL. More-
over, these findings were corroborated in the analysis
of Phase 2 treated patients. Nevertheless, alloSCT is still
considered standard of care and has an important role in
treating patients with R/R B-ALL; its role as subsequent
consolidative treatment after CAR T-cell therapy remains
to be determined and represents an important area for
further study.

The frequency of CRS, neurological events, and
treatment-related Grade 5 AEs was largely similar between
prior therapy subgroups, suggesting that prior therapies,
including blinatumomab, inotuzumab, and alloSCT may
have minimal impact on the incidence of CAR T-cell
therapy-related AEs and long-term safety following treat-
ment with brexu-cel in patients with R/R B-ALL.

Limitations of this analysis include the post hoc nature
of the subgroup comparisons, which were limited to
univariate analyses due to small patient numbers in some
subgroups. Therefore, assessments were descriptive and
potentially confounding factors such as baseline BM blast
count and prior lines of therapy cannot be excluded.

Together, these results suggest that meaningful clinical
responses can be obtained with brexu-cel therapy in adult
patients with R/R B-ALL following multiple prior ther-
apies, with manageable safety, though survival appeared
most favorable in patients without prior blinatumomab
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and inotuzumab therapy and in earlier lines of therapy.
Subsequent alloSCT was not necessary to achieve long-
term survival with brexu-cel, though patients with subse-
quent alloSCT appeared to have longer response duration
than patients without subsequent alloSCT. Additional
studies are needed to better understand the impact prior
and subsequent therapies may have on outcomes of CAR
T-cell therapy in R/R B-ALL.

Author affiliations

"Division of Hematology/Oncology, Department of Malignant Hematology, Moffitt
Cancer Center, Tampa, Florida, USA

%Fred Hutchinson Cancer Center, University of Washington, Seattle, Washington, USA
SDepartment of Medicine, Memorial Hospital, Memorial Sloan Kettering Cancer
Center, New York, New York, USA

“Department of Hematology, CHU Rennes, University Hospital Rennes, Inserm &
EFS, Rennes, France

SVanderbilt-Ingram Cancer Center, Division of Hematology and Oncology, Vanderbilt
University, Nashville, Tennessee, USA

®Helen Diller Comprehensive Cancer Center, University of California San Francisco,
San Francisco, California, USA

"Département d'Hématologie Clinique, Hopital Saint-Louis, Paris, France
®Department of Hematology, Service d'hématologie clinique et thérapie cellulaire
Hopital du Haut-Leveque CHU de Bordeaux, Bordeaux, France

®The David and Etta Jonas Center for Cellular Therapy, The University of Chicago
Medicine, Chicago, lllinois, USA

"Medizinische Klinik und Poliklinik Il, Universitatsklinikum Wiirzburg, Wurzburg,
Germany

"Moores Cancer Center, University of California San Diego, San Diego, California,
USA

2Wilmot Cancer Institute, University of Rochester, Rochester, New York, USA
*Winship Cancer Institute, Emory University, Atlanta, Georgia, USA

"Department of Hematology, Mayo Clinic, Rochester, Minnesota, USA

Marlene and Stewart Greenebaum Cancer Center, University of Maryland,
Baltimore, Maryland, USA

"8David Geffen School of Medicine, University of California Los Angeles, Los
Angeles, California, USA

""Department of Medicine Ill, Ludwig-Maximilians-Universitit Miinchen, Munich,
Germany

"®Davis Comprehensive Cancer Center, University of California, Sacramento,
California, USA

'SDepartment of Hematology, University Medical Centre Utrecht, Utrecht, The
Netherlands

2pepartment of Hematopathology, The University of Texas MD Anderson Cancer
Center, Houston, Texas, USA

% Department of Medical Oncology, Dana-Farber Cancer Institute, Boston,
Massachusetts, USA

2Department of Hematology/Oncology, Loyola University Medical Center, Maywood,
lllinois, USA

%Chao Comprehensive Cancer Center, University of California Irvine Medical Center,
Irvine, California, USA

%ite, a Gilead Company, Santa Monica, California, USA

®Division of Medical Oncology, Washington University School of Medicine in Saint
Louis, St Louis, Missouri, USA

Twitter Bijal D Shah @bshah and Ryan D Cassaday @RyanCassaday

Acknowledgements We thank the patients who participated in this trial and their
families, caregivers, and friends; the trial investigators, coordinators, and healthcare
staff at each site; Jinghui Dong, PhD, for supporting the development of the
manuscript. Medical writing support was provided by Ashly Pavlovsky, PhD, from
Nexus Global Group Science and was funded by Kite, a Gilead Company.

Contributors The study was conceived and designed in collaboration between Kite
(study sponsor) and the authors. BS, RC, JHP, RH, 000, ACL, NB, TL, MRBi, MST, DT,
KMO, MLA, YL, MRBa, GJS, MS, MA, MCM, WW, DJD, PJS, DJ, and AG enrolled and
treated patients, and gathered data. DM and LZ completed the statistical analyses.
All authors participated in drafting the article (with medical writing support funded
by the Sponsor), provided feedback throughout the development process, and

approved the final submitted version. BDS and AG are responsible for the overall
content as guarantors.

Funding This study was funded by Kite, a Gilead Company.

Competing interests BS reports honoraria from Acrotech Biopharma, BeiGene,
Gilead Sciences, Janssen, Pharmacyclics, and Spectrum; consulting/advisory

role for Adaptive Biotechnologies; Amgen; Celgene/BMS; Kite, a Gilead Company;
Novartis; Pfizer; and Precision BioSciences; research funding from Gilead Sciences,
Incyte, Jazz Pharmaceuticals, and Kite; and travel support from Celgene, Janssen,
Kite, Novartis, Pfizer, Seattle Genetics, and Stemline Therapeutics. RC reports
spouse employment with Seagen; stock or other ownership in Seagen; honoraria
from Amgen, Autolus (board member), PeproMene Bio (board member), Pfizer,

and Kite; consultancy/advisory role for Amgen and Jazz; and research funding
from Pfizer, Merck, Amgen, Servier, Kite, and Vanda. JHP reports consulting/
advisory role for AstraZeneca, Kite, and Novartis and research funding from Amgen,
Genentech, and Juno. RH reports honoraria from ADC therapeutics, Bristol Myers
Squibb, Celgene, Gilead Sciences, Janssen, Kite, MSD, Novartis, and Roche; and
consulting/advisory role for Kite/Gilead. 000 reports consulting/advisory role for
Pfizer, Kite, Gilead, AbbVie, Janssen, TG Therapeutics, ADC, Novartis, Epizyme,
Curio Science, Nektar, and Syncopation; research funding from Kite, Pfizer, Daiichi
Sankyo, and Allogene; and honoraria from Pfizer and Gilead. ACL reports consulting/
advisory role for AbbVie, Bristol Myers Squibb, and Pfizer; research funding from
Amgen, Amphivena, Astellas, Autolus, Jazz, Kadmon, Kite, and Pharmacyclics. NB
reports honoraria from and consulting/advisory role for Gilead Sciences. TL reports
consultancy/advisory role for Amgen and Servier. MRBi reports honoraria from
Incyte, Bristol Myers Squibb, Sanofi, and ADC Therapeutics; consulting/advisory role
for Novartis, Kite/Gilead, Bristol Myers Squibb, Sana Bio, and CRISPR Therapeutics;
and speakers’ bureau participation for Incyte, Bristol Myers Squibb, Sanofi, and
ADC Therapeutics. MST reports consulting/advisory role for Amgen, Celgene, Kite,
Regeneron, and Roche and research funding from Amgen, Kite, MacroGenics,
Regeneron, and Roche. DT reports consulting/advisory role for Bristol Myers Squibb,
EUSA, Partner, and Takeda; and research funding from Bristol Myers Squibb. KMO
reports consulting/advisory role for Beam Therapeutics. MLA reports consulting/
advisory role for Kite and Syndax Pharmaceuticals, Inc. and research funding from
Kite (institutional Pl). YL reports consulting/advisory role for Kite/Gilead, Celgene/
BMS, Juno/BMS, bluebird bio, Janssen, Legend Biotech, Gamida Cell, Novartis,
lovance, Takeda, Fosun Kite, and Pfizer and research funding from Kite/Gilead,
Celgene/BMS, bluebird bio, Janssen, Legend Biotech, Merck, Takeda, and Boston
Scientific. MRBa reports research funding from AbbVie, Ascentage, Kite, Kura, and
Takeda. GJS reports honoraria and research funding from and speakers’ bureau
participation for Kite. MS reports consulting/advisory role for Amgen, Celgene/
BMS, Gilead Sciences, Janssen, and Novartis; speakers’ bureau participation for
Celgene/BMS, Gilead Sciences, Janssen, and Novartis; research funding from
Amgen, Gilead Sciences, Miltenyi Biotec, MorphoSys, Roche, and Seattle Genetics;
and travel support from Takeda. MA reports stock or other ownership in CytoDyn;
consulting/advisory role for Celgene; and speakers’ bureau participation for
Celgene, Bristol Myers Squibb, AbbVie, and Kite. MCM reports consulting/advisory
role for Gilead Sciences and Janssen-Cilag and speakers’ bureau participation for
Janssen-Cilag and Medscape. WW reports consulting/advisory role for Genzyme
and Sanofi and research funding from AbbVie, Acerta, Cyclacel, Genentech, Gilead
Sciences, GSK, Janssen, Juno, Karyopharm, Loxo Oncology, miRagen, Novartis,
Oncternal, Pharmacyclics, Sunesis, and Xencor. DJD reports consulting or advisory
role for Agios, Amgen, Autolus, Blueprint Medicines, Forty Seven, Gilead Sciences,
Incyte, Jazz, Novartis, Pfizer, Shire, and Takeda and research funding from AbbVie,
Glycomimetics, Novartis, and Blueprint Medicines. PJS reports honoraria from and
consulting or advisory role for MorphoSys and CRISPR Therapeutics and research
funding from Amgen, Gamida Cell, Pfizer, Karyopharm, Gilead Sciences, Incyte,
Seagen, and Cellectar. DJ reports research funding from Jazz Pharmaceuticals and
Pfizer. DM has nothing to report. SA reports employment with and stock or other
ownership in Kite. LZ reports employment with Kite and ownership of AbbVie RSU or
stock in the past 2 years. reports employment with Kite; stock or other ownership
in Gilead Sciences; and travel support from Kite and Gilead Sciences. RDK reports
employment, stock, or other ownership in Kite. AG reports consulting/advisory role
for Amgen, Atara, Bristol Myers Squibb, CRISPR Therapeutics, Kite, and Wugen Inc.;
research funding from Amgen, Genentech, and Kite; and honoraria from Kite.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by
University of South Florida (IRB#:Ame31_Pro00022671) and ADVARRA (IRB #
00000971). Participants gave informed consent to participate in the study before
taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Shah BD, et al. J Immunother Cancer 2023;11:007118. doi:10.1136/jitc-2023-007118

15

1ybuAdoo Ag
pa1o8l0ld “Areiqr] Ausisaiun 1yosan 1e €202 ‘T Jequisidas uo jwod fwigonl:dny wouy papeojumoq "£Z0z 1SnbBny Og Uo 8TT/00-£20Z-0M/9ETT 0T Se paysiignd 1siy 118oued Jsylounww| ¢


https://twitter.com/bshah
https://twitter.com/RyanCassaday
http://jitc.bmj.com/

Data availability statement Data are available upon reasonable request. Kite is
committed to sharing clinical trial data with external medical experts and scientific
researchers in the interest of advancing public health, and access can be requested
by contacting medinfo@kitepharma.com.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Bijal D Shah http://orcid.org/0000-0003-4328-6021
Ryan D Cassaday http://orcid.org/0000-0002-3424-2425

REFERENCES

1 Gokbuget N, Dombret H, Ribera J-M, et al. International reference
analysis of outcomes in adults with B-precursor pH-negative
Relapsed/refractory acute Lymphoblastic leukemia. Haematologica
2016;101:1524-33.

2 Kantarjian H, Stein A, Gékbuget N, et al. Blinatumomab versus
chemotherapy for advanced acute Lymphoblastic leukemia. N Engl J
Med 2017;376:836-47.

3 Kantarjian HM, DeAngelo DJ, Stelljes M, et al. Inotuzumab
Ozogamicin versus standard of care in Relapsed or refractory
acute Lymphoblastic leukemia: final report and long-term survival
follow-up from the randomized, phase 3 INO-VATE study. Cancer
2019;125:2474-87.

4 Aldoss |, Yang D, Malki MMA, et al. Allogeneic hematopoietic cell
transplantation for Relapsed and refractory Philadelphia negative B
cell ALL in the era of novel salvage therapies. Transplant Cell Ther
2021;27:255.

5

6

Kite Pharma, Inc. TECARTUS® (brexucabtagene autoleucel)
[prescribing information]. Santa Monica, CA, 2021.

Kite Pharma EU B.V. TECARTUS® (autologous anti-CD19-
transduced CD3+ cells) [Summary of Product Characteristics].
Hoofddorp, The Netherlands, 2021.

Shah BD, Ghobadi A, Oluwole OO, et al. Two-year follow-up of
KTE-X19 in patients with Relapsed or refractory adult B-cell acute
Lymphoblastic leukemia in ZUMA-3 and its Contextualization with
SCHOLAR-3, an external historical control study. J Hematol Oncol
2022;15:170.

Myers RM, Taraseviciute A, Steinberg SM, et al. Blinatumomab
Nonresponse and high-disease burden are associated with inferior
outcomes after Cd19-CAR for B-ALL. J Clin Oncol:Jco2101405
2021.

Pillai V, Muralidharan K, Meng W, et al. CAR T-cell therapy is effective
for Cd19-dim B-Lymphoblastic leukemia but is impacted by prior
Blinatumomab therapy. Blood Adv 2019;3:3539-49.

Westin JR, Kersten MJ, Salles G, et al. Efficacy and safety of Cd19-
directed CAR-T cell therapies in patients with Relapsed/refractory
aggressive B-cell Lymphomas: observations from the JULIET,
ZUMA-1, and TRANSCEND trials. Am J Hematol 2021;96:1295-312.
Goldsmith SR, Ghobadi A, DiPersio JF. Hematopoeitic cell
transplantation and CAR T-cell therapy: complements or competitors
Front Oncol 2020;10:608916.

Goldsmith SR, Ghobadi A, Dipersio JF, et al. Chimeric antigen
receptor T cell therapy versus hematopoietic stem cell
transplantation: an evolving perspective. Transplantation and Cellular
Therapy 2022;28:727-36.

Shah BD, Ghobadi A, Oluwole OO, et al. Two-year follow-up of
KTE-X19 in patients with Relapsed or refractory adult B-cell acute
Lymphoblastic leukemia in ZUMA-3 and its Contextualization with
SCHOLAR-3, an external historical control study. J Hematol Oncol
2022;15.

Shah BD, Stock W, Wierda WG, et al. Phase 1 results of ZUMA-3:
KTE-C19, an anti-Cd19 Chimeric antigen receptor (CAR) T

cell therapy, in adult patients with Relapsed/refractory acute
Lymphoblastic leukemia (R/R ALL). Blood 2017;130:888.

Shah BD, Ghobadi A, Oluwole OO, et al. KTE-X19 for Relapsed

or refractory adult B-cell acute Lymphoblastic leukaemia: phase 2
results of the single-arm, open-label, Multicentre ZUMA-3 study.
Lancet 2021;398:491-502.

Lee DW, Gardner R, Porter DL, et al. Current concepts in the
diagnosis and management of cytokine release syndrome. Blood
2014;124:188-95.

Topp MS, Géckbuget N, Stein AS. Correction to lancet Oncol 2015;
16: 60, 61. safety and activity of Blinatumomab for adult patients
with Relapsed or refractory B-precursor acute Lymphoblastic
leukaemia: a multi-centre, single-arm, phase 2 study. Lancet Oncol
2015;16.

16

Shah BD, et al. J Immunother Cancer 2023;11:€007118. doi:10.1136/jitc-2023-007118

1ybuAdoo Ag
pa1o8l0ld “Areiqr] Ausisaiun 1yosan 1e €202 ‘T Jequisidas uo jwod fwigonl:dny wouy papeojumoq "£Z0z 1SnbBny Og Uo 8TT/00-£20Z-0M/9ETT 0T Se paysiignd 1siy 118oued Jsylounww| ¢


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4328-6021
http://orcid.org/0000-0002-3424-2425
http://dx.doi.org/10.3324/haematol.2016.144311
http://dx.doi.org/10.1056/NEJMoa1609783
http://dx.doi.org/10.1056/NEJMoa1609783
http://dx.doi.org/10.1002/cncr.32116
http://dx.doi.org/10.1016/j.jtct.2020.12.020
http://dx.doi.org/10.1186/s13045-022-01379-0
http://dx.doi.org/10.1182/bloodadvances.2019000692
http://dx.doi.org/10.1002/ajh.26301
http://dx.doi.org/10.3389/fonc.2020.608916
http://dx.doi.org/10.1016/j.jtct.2022.07.015
http://dx.doi.org/10.1016/j.jtct.2022.07.015
http://dx.doi.org/10.1186/s13045-022-01379-0
http://dx.doi.org/10.1182/blood.V130.Suppl_1.888.888
http://dx.doi.org/10.1016/S0140-6736(21)01222-8
http://dx.doi.org/10.1182/blood-2014-05-552729
http://dx.doi.org/10.1016/S1470-2045(15)70154-3
http://jitc.bmj.com/

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J Immunother Cancer

Shah, et al. ZUMA-3 2-year follow-up treatment subgroup manuscript — JITC

SUPPLEMENTARY APPENDIX

TABLE OF CONTENTS
SUPPLEMENTARY APPENDIX.....ccceuuuuusssssieeenerrmmmemmmmnsnsssssssssenssssssssssssssssssssssssssssssssssssssssssssses 1

Supplementary Methods

Supplementary Tables

LN =01 o1 [ AV ol 4= - OO PSSP TUPUTUPPRN
o Tol=To [0 <SSPt 2
Outcomes....

Table S1. Summary of subsequent anticancer therapies received by Phase 1 and 2 patients with response to
brexu-cel who proceeded to subsequent therapies, by number of prior therapies ........cccccevvviiivieeniieniiiennns 3
Table S2. Baseline disease and patient characteristics in Phase 2 treated patients (N=55) by prior therapies ...4
Table S3. Summary of cytokine release syndrome and neurological events in Phase 2 treated patients (N=55) 6
Table S4. Summary of best overall responses for patients with blinatumomab as last prior therapy in ZUMA-3

Table S5. Baseline disease and patient characteristics in Phase 1 and 2 responders by subsequent alloSCT......8
Table S6. Peak and AUC,_,g CAR T-cell levels in pooled Phase 1 and 2 treated patients by bone marrow blast

levels at baseline in patients with and without prior blinatumomab...........cccceviiriiiiniee 9

Table S7. Peak and AUC,_,5 CAR T-cell levels in pooled Phase 1 and 2 treated patients by BM blast levels at

baseline in patients with and without prior iNOTUZUMAD .......ccceiiiiiiiiiiiccee e e e 10
SUPPIEMENTArY FIGUIES......ceeeeiieieciieieciereeeereneeeseresereensseseenssssenssessensssssensssssennssssennsassennssnsennnnns 11

Figure S1: Duration of remission (not censored at subsequent alloSCT; A) and relapse-free survival (not
censored at subsequent alloSCT; B) in pooled Phase 1 and 2 treated patients by prior number of therapy lines

Figure S2: Relapse-free survival (censored at subsequent alloSCT) in pooled Phase 1 and 2 treated patients by
(A) prior number of therapy lines, (B) prior blinatumomab exposure, (C) prior inotuzumab exposure, and (D)
PrIOT @IIOSCT EXPOSUIE ..uviiiuiiieiiiieeiteeeiieeesbeeestteesteeesbeeeataeeetseesasseessseeeasbeeesssaesassaeessbeeesssaaasssseessseesnsseesnsseens 13
Figure S3: Duration of remission (censored at subsequent alloSCT) in Phase 2 treated patients by (A) prior
number of therapy lines, (B) prior blinatumomab exposure, (C) prior inotuzumab exposure, and (D) prior

E o O I =04 oo 1 U | SO PRRTURP 17
Figure S4: Relapse-free survival (censored at subsequent alloSCT) in Phase 2 treated patients by (A) prior
number of therapy lines, (B) prior blinatumomab exposure, (C) prior inotuzumab exposure, and (D) prior

E o O I =04 oo 11U | TSSO TRUURRP 21
Figure S5: Overall survival in Phase 2 treated patients by (A) prior number of therapy lines, (B) prior
blinatumomab exposure, (C) prior inotuzumab exposure, and (D) prior alloSCT eXposure.........cccccveeeevveeennen. 25

Figure S6: Duration of remission (not censored at subsequent alloSCT) and overall survival in Phase 2 treated
patients by subsequent alloSCT (A, B) and in Phase 2 treated patients with responses who did not receive

prior alloSCT by subsequent @allOSCT (C, D) ..vuieiiiiiiiieeiiieeeiie ettt e et e e e ve e e stee e sbee e s baeestaeesbaeeebaeeesseeas 29

Figure S7: Peak and AUC, 3 CAR T-cell levels in pooled Phase 1 and 2 treated patients by blinatumomab as

T o g Lo T s Y= =1 o1V OSSPSR 33
Supplementary REfErENCES.........cciiiiieieeeccciieiiieriesece s s e reeennseeesseeesnnssssssssseeennnssssssssssennnnnsssssseeennn 34

Shah BD, et al. J Immunother Cancer 2023; 11:e007118. doi: 10.1136/jitc-2023-007118



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

Shah, et al. ZUMA-3 2-year follow-up treatment subgroup manuscript — JITC

Supplementary Methods

Eligibility criteria

Full eligibility requirements were previously reported.’?

Procedures

Disease and adverse event monitoring and toxicity management were previously described.'?
Outcomes

Definitions for duration of remission (DOR), overall survival (OS), and relapse-free survival
(RFS) were previously reported.'? Briefly, DOR was defined as the time from reaching complete
remission (CR) or CR with incomplete hematological recovery (CRi) (central assessment) to
relapse or death without documented relapse. The calculation of DOR did not include disease
assessments occurring after new anticancer therapies, including alloSCT. RFS was defined as
the time from infusion of KTE-X19 to the date of relapse or death from any cause. Patients were
evaluated as having an RFS event at Day 0 if they did not achieve CR or CRi as of the data
cutoff date; as such, patients in the intention-to-treat population who were not infused would
also have been considered to have an event at Day 0. For DOR and RFS, sensitivity analyses
were performed in which disease assessments obtained after alloSCT were included in the

derivation of DOR and RFS.
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Supplementary Tables

Table S1. Summary of subsequent anticancer therapies received by Phase 1 and 2
patients with response to brexu-cel who proceeded to subsequent therapies, by number

of prior therapies

Patients with 1 prior therapy Patients with 22 prior

Reported therapies (n=4) therapies (n=4)
Dexamethasone 3 (75) 1(25)
Inotuzumab 3 (75) 0
Vincristine 3 (75) 0
Cyclophosphamide 2 (50) 2 (50)
Blinatumomab 1(25) 0
Blinatumomab® 1 (25) 0
Ponatinib 1(25) 0
Rituximab 1(25) 0
Inotuzumab Ozogamicin 0 2 (50)
Antithymocyte Immunoglobulin (rabbit) 0 1(25)
Cytarabine 0 1(25)
Etoposide 0 1(25)
Fludarabine 0 1(25)
Fludarabine Phosphate 0 1(25)
Haploid Allo Tx* 0 1(25)
Hydrocortisone 0 1(25)
Inotuzumab Ozogamicin (CMC-544)* 0 1(25)
Investigational antineoplastic drugs 0 1(25)
Melphalan 0 1(25)
Methotrexate 0 1(25)
Ponatinib Hydrochloride 0 1(25)
Thiotepa 0 1(25)
Tisagenlecleucel-T 0 1(25)

Subsequent anticancer therapies are coded using WHO-Drug Dictionary March 2021 version.
Therapies taken during the retreatment period are excluded.

?Indicates reported name of therapy.
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Table S2. Baseline disease and patient characteristics in Phase 2 treated patients (N=55) by prior therapies

Phase 2 Prior number of therapies Prior blinatumomab Prior inotuzumab Prior alloSCT
patients 1 22 Yes No Yes No Yes No
(N=55) (n=10) (n=45) (n=25) (n=30) (n=12) (n=43) (n=23) (n=32)
Age, median (range), years | 40 (19-84) | 38.5 (21-65) 41 (19-84) 38 (19-84) 42.5 (19-73) 45 (19-84) 39 (19-73) 38 (19-68) 455 (19-84)
265 years, n (%) 9 (16) 1(10) 7 (16) 3(12) 5(17) 2(17) 6 (14) 2(9) 6 (19)
Male, n (%) 33 (60) 6 (60) 27 (60) 16 (64) 17 (57) 10 (83) 23 (53) 12 (52) 21 (66)
ECOG PS of 1, n (%) 39 (71) 6 (60) 33 (73) 18 (72) 21 (70) 8 (67) 31 (72) 16 (70) 23 (72)
Philadelphia chromosome-
positive. n (%) 15 (27) 2 (20) 13 (29) 5 (20) 10 (33) 4(33) 11 (26) 8 (35) 7 (22)
Extramedullary di t
s:r;?:iigl,‘ na(’;'e ) Isease a 6 (11) 0 6(13) 4(16) 2(7) 18 5(12) 2(9) 4(13)
g'(‘;:; disease at baseline, | 55 {0 10 (100) 45 (100) 25 (100) 30 (100) 12 (100) 43 (100) 23 (100) 32 (100)
Bone marrow blasts at
baseline, median (range) % | 60 (0-98) 47 (0-73) 65 (2-98) 70 (2-98) 50 (0-96) 74 (2-98) 50 (0-97) 72 (2-96) 50 (0-98)
>25%, N (%) 40 (73) 7 (70) 33 (73) 18 (72) 22 (73) 10 (83) 30 (70) 17 (74) 23 (72)
CD19 lymphoblast baseline category per central lab, %
295 41 (75) 8 (80) 33 (73) 18 (72) 23 (77) 9 (75) 32 (74) 17 (74) 24 (75)
<95 12 (22) 2 (20) 10 (22) 5 (20) 7 (23) 3 (25) 9 (21) 5(22) 7(22)
Missing 2 (4) 0 2(4) 2(8) 0 0 2(5) 1(4) 13
Number of prior therapies,
m‘;‘;‘i af"(‘r’arfég” eraples 2(1-8) 1(1-1) 3(2-8) 3(1-8) 2 (1-5) 3.5 (2-5) 2(1-8) 3(1-8) 2 (1-4)
i"'(j/i;'” lines of therapy, | 55 (47) 0 26 (58) 15 (60) 11(37) 11(92) 15 (35) 16 (70) 10 (31)
Prior blinatumomab, n (%) 25 (45) 1(10) 24 (53) 25 (100) 0 6 (50) 19 (44) 11 (48) 14 (44)
Prior inotuzumab, n (%) 12 (22) 0 12 (27) 6 (24) 6 (20) 12 (100) 0 5(22) 7 (22)
Prior alloSCT, n (%) 23 (42) 1(10) 22 (49) 11 (44) 12 (40) 5 (42) 18 (42) 23 (100) 0
Prior radiotherapy, n (%) 13 (24) 2 (20) 11 (24) 8 (32) 5(17) 3(25) 10 (23) 9 (39) 4(13)
Primary refractory, n (%) 18 (33) 4 (40) 14 (31) 8(32) 10 (33) 2(17) 16 (37) 6 (26) 12 (38)
Relapsed or refractory to
second or greater line of 43 (78) 0 43 (96) 23 (92) 20 (67) 12 (100) 31 (72) 12 (91) 22 (69)
therapy?, n (%)
First o e
S;’;B’;ﬁf:ﬁs‘:": (‘,/fjm'ssw" 16 (29) 5 (50) 11 (24) 5 (20) 11 (37) 0 16 (37) 5 (22) 11 (34)
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g::‘:_paslﬁ,ds‘c’:rTE‘:’f':a&;”y 24 (44) 2 (20) 22 (49) 11 (44) 13 (43) 5 (42) 19 (44) 23 (100) 1Q)°
Response to the last prior therapy, n (%)

CR 16 (29) 5 (50) 11 (24) 7 (28) 9 (30) 1(8) 15 (35) 9.(39) 7(22)
cri 12 1(10) 0 0 1(3) 0 102 0 1(3)
PR 2 (4) 0 2(4) 1) 1(3) 0 2(5) 1(4) 1(3)
NR 20 (36) 3 (30) 17 (38) 7 (28) 13 (43) 5 (42) 15 (35) 4(17) 16 (50)
PD 10 (18) 1(10) 9 (20) 7 (28) 3(10) 2(17) 8 (19) 4(17) 6 (19)
Not evaluated 6 (11) 0 6 (13) 3(12) 3(10) 4(33) 2(5) 5 (22) 1(3)

#Two patients with relapsed or refractory disease to second or greater lines of therapy were erroneously not marked in the eCRF as
such. ® One patient had prior autologous transplantation but was erroneously marked in the eCRF as relapsed/refractory disease
after alloSCT.

alloSCT, allogeneic stem cell transplantation; CNS, central nervous system; CR, complete remission; CRi, complete remission with
incomplete hematological recovery; ECOG PS, Eastern Cooperative Oncology Group performance status; NR, no response; PD,

progressive disease; PR, partial response.
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Table S3. Summary of cytokine release syndrome and neurological events in Phase 2 treated patients (N=55)

Pri(t)rr‘:rt;?il:r of Prior blinatumomab Prior inotuzumab Prior alloSCT

1 22 Yes No Yes No Yes No
(n=10) (n=45) (n=25) (n=30) (n=12) (n=43) (n=23) (n=32)
Cytokine release syndrome, n (%) 9 (90) 40 (89) 21 (84) 28 (93) 11 (92) 38 (88) 20 (87) 29 (91)
Grade 1 4 (40) 7 (16) 2(8) 9 (30) 2(17) 9 (21) 5 (22) 6 (19)
Grade 2 4 (40) 21 (47) 13 (52) 12 (40) 6 (50) 19 (44) 11 (48) 14 (44)
Grade 23 1(10) 12 (27) 6 (24) 7 (23) 3 (25) 10 (23) 4(17) 9 (28)
Neurological events, n (%) 6 (60) 27 (60) 14 (56) 19 (63) 9 (75) 24 (56) 12 (52) 21 (66)
Grade 1 2 (20) 4(9) 2(8) 4 (13) 3 (25) 3(7) 2(9) 4(13)
Grade 2 1(10) 12 (27) 7 (28) 6 (20) 3 (25) 10 (23) 4 (17) 9 (28)
Grade 23 3 (30) 11 (24) 5 (20) 9 (30) 3 (25) 11 (26) 6 (26) 8 (25)

3 Cytokine release syndrome is graded per the revised grading system proposed by Lee et al (2014).° ® Neurological events are
identified based on a modification of criteria proposed by Topp and colleagues (Topp et al 2015).*

alloSCT, allogeneic stem cell transplantation.

Shah BD, et al. J Immunother Cancer 2023; 11:e007118. doi: 10.1136/jitc-2023-007118



Supplemental material

BMJ Pub||shsng Group Limited (BM

disclaims all ||ab||t

ed on'this supplemen%)al material which h b

and resp 5|b|I|t¥ arising from any reliance

pledby

he author(s)

J Immunother Cancer

Shah, et al. ZUMA-3 2-year follow-up treatment subgroup manuscript — JITC

Table S4. Summary of best overall responses for patients with blinatumomab as last prior therapy in ZUMA-3

Best response to brexu-cel

Overall CR/CRi rate, n
N (%) CR, n (%) CRi, n (%) BFBM, n (%) NR, n (%)

blinatumomab a6 last prior therapy | 7 12(71) 10.(59) 2 (12) 3(18) 2(12)
Best response to prior blinatumomab®

CR 6 3 (50) 3 (50) 0 1(17) 2 (33)

PR 1 1 (100) 0 1 (100) 0 0

NR 3 3 (100) 2(67) 1(33) 0 0

PD 7 5 (71) 5 (71) 0 2 (29) 0

? Data regarding duration of blinatumomab therapy received is not available.

BFBM, blast-free hypoplastic or aplastic bone marrow; brexu-cel, brexucabtagene autoleucel; CR, complete remission; CRi, CR with

incomplete hematologic recovery; NR, no response; PD, progressive disease; PR, partial response.
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Table S5. Baseline disease and patient characteristics in Phase 1 and 2 responders by

subsequent alloSCT

Responders with subsequent Responders without subsequent
alloSCT (n=14) alloSCT (n=43)

ECOG PS of 1, n (%) 8(57) 30(70)
Philadelphia chromosome-positive, n (%) 2 (14) 12 (28)
Extramedullary disease at screening, n (%) 1(7) 4(9)
CNS-1 disease at baseline, n (%) 14 (100) 43 (100)
Bone marrow blasts at baseline, median (range) % 37 (2-88) 60 (0-97)

>25%, n (%) 9 (64) 30(70)
Number of prior therapies, median (range) 2 (1-5) 3(1-8)
Prior blinatumomab, n (%) 5(36) 19 (44)
Prior inotuzumab, n (%) 1(7) 9(21)
Prior alloSCT, n (%) 1(7) 21 (49)
Prior radiotherapy, n (%) 2 (14) 14 (33)
Primary refractory, n (%) 6 (43) 12 (28)
R‘(zl':lap:;at’i :zégfractory to second or greater line of 11 (79) 30(70)
First relapse with remission £12.0 months, n (%) 4(29) 11 (26)
Relapsed or refractory post-alloSCT®, n (%) 1(7) 22 (51)
Response to the last prior therapy, n (%)

CR 2 (14) 16 (37)

CRi 1(7) 1(2)

PR 1(7) 0

NR 9 (64) 11(26)

PD 1(7) 11 (26)

Not evaluated 0 4(9)

2Two patients with relapsed or refractory disease to second or greater lines of therapy were

erroneously not marked in the eCRF as such. ® One patient had prior autologous transplantation

but was erroneously marked in the eCRF as relapsed/refractory disease after alloSCT.

alloSCT, allogeneic stem cell transplantation; CNS, central nervous system; CR, complete

remission; CRi, complete remission with incomplete hematological recovery; ECOG PS, Eastern

Cooperative Oncology Group performance status; NR, no response; PD, progressive disease;

PR, partial response.
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Table S6. Peak and AUC,.,s CAR T-cell levels in pooled Phase 1 and 2 treated patients by bone marrow blast levels at

baseline in patients with and without prior blinatumomab

Prior blinatumomab (Yes)

Prior blinatumomab (No)

Median AUC,..s CAR T cells/ul Median AUC,.2s CAR T cells/ul
Baseline BM blast % N Median peak CAR T cells/ul x days N Median peak CAR T cells/ul x days
Total 31 18.805 199.830 35 34.791 329.811
525% 9 37.003 485.627 11 40.473 424.962
>25% to <50% 4 41.896 388.809 7 76.696 831.701
>50% to <75% 6 20.345 269.104 5 13.111 137.668
>75% 12 4.025 48.706 12 19.138 213.441

AUC, 05, area under the curve from time of dose to 28 days; BM, bone marrow; CAR, chimeric antigen receptor.
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Table S7. Peak and AUC,.,s CAR T-cell levels in pooled Phase 1 and 2 treated patients by BM blast levels at baseline in

patients with and without prior inotuzumab

Prior inotuzumab (Yes)

Prior inotuzumab (No)

Median AUC,.2s CAR T cells/ul Median AUC,.;s CAR T cells/ul
Baseline BM blast % N Median peak CAR T cells/ul x days N Median peak CAR T cells/ul x days
Total 12 21.034 240.834 38 19.933 197.987
<25% 2 43.115 480.634 12 37.632 436.092
>25% to <50% 1 183.501 642.252 9 59.750 831.701
>50% to <75% 3 31.004 329.811 6 2.941 46.696
>75% 6 3.139 41.781 11 5.689 60.698

AUC,.o5, area under the curve from time of dose to 28 days; BM, bone marrow; CAR, chimeric antigen receptor.
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Supplementary Figures

Figure S1: Duration of remission (not censored at subsequent alloSCT; A) and relapse-free survival (not censored at

subsequent alloSCT; B) in pooled Phase 1 and 2 treated patients by prior number of therapy lines

alloSCT, allogeneic stem cell transplantation; CR, complete remission; CRi, complete remission with incomplete hematological

recovery; mo, month; NE, not estimable; NR, not reached.
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Figure S2: Relapse-free survival (censored at subsequent alloSCT) in pooled Phase 1 and 2 treated patients by (A) prior

number of therapy lines, (B) prior blinatumomab exposure, (C) prior inotuzumab exposure, and (D) prior alloSCT exposure

alloSCT, allogeneic stem cell transplantation; mo, month; NE, not estimable.
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Figure S3: Duration of remission (censored at subsequent alloSCT) in Phase 2 treated patients by (A) prior number of

therapy lines, (B) prior blinatumomab exposure, (C) prior inotuzumab exposure, and (D) prior alloSCT exposure

alloSCT, allogeneic stem cell transplantation; CR, complete remission; CRi, complete remission with incomplete hematological

recovery; mo, month; NE, not estimable.
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Figure S4: Relapse-free survival (censored at subsequent alloSCT) in Phase 2 treated patients by (A) prior number of

therapy lines, (B) prior blinatumomab exposure, (C) prior inotuzumab exposure, and (D) prior alloSCT exposure.

alloSCT, allogeneic stem cell transplantation; NE, not estimable.
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Figure S5: Overall survival in Phase 2 treated patients by (A) prior number of therapy lines, (B) prior blinatumomab

exposure, (C) prior inotuzumab exposure, and (D) prior alloSCT exposure

alloSCT, allogeneic stem cell transplantation; mo, month; NE, not estimable.
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Figure S6: Duration of remission (not censored at subsequent alloSCT) and overall survival in Phase 2 treated patients by
subsequent alloSCT (A, B) and in Phase 2 treated patients with responses who did not receive prior alloSCT by subsequent
alloSCT (C, D)

alloSCT, allogeneic stem cell transplantation; CR, complete remission; CRi, complete remission with incomplete hematological

recovery; mo, month; NE, not estimable.
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Figure S7: Peak and AUC,..s CAR T-cell levels in pooled Phase 1 and 2 treated patients by blinatumomab as last prior

therapy

AUC,.25, area under the curve from time of dose to 28 days; CAR, chimeric antigen receptor.
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