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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 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.
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