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High-risk large B-cell lymphoma (LBCL) has poor outcomes with standard first-line chemoimmunotherapy. In the phase 2,
multicenter, single-arm ZUMA-12 study (ClinicalTrials.gov NCT03761056) we evaluated axicabtagene ciloleucel (axi-cel),
an autologous anti-CD19 chimeric antigen receptor (CAR) T-cell therapy, as part of first-line treatment in 40 patients with
high-risk LBCL. This trial has completed accrual. The primary outcome was complete response rate (CRR). Secondary out-
comes were objective response rate (ORR), duration of response (DOR), event-free survival (EFS), progression-free survival
(PFS), overall survival (OS), assessment of safety, central nervous system (CNS) relapse and blood levels of CAR T cells and
cytokines. The primary endpoint in efficacy-evaluable patients (n = 37) was met, with 78% CRR (95% confidence interval (Cl),
62-90) and 89% ORR (95% Cl, 75-97). As of 17 May 2021 (median follow-up, 15.9 months), 73% of patients remained in objec-
tive response; median DOR, EFS and PFS were not reached. Grade >3 cytokine release syndrome (CRS) and neurologic events
occurred in three patients (8%) and nine patients (23%), respectively. There were no treatment-related grade 5 events. Robust
CAR T-cell expansion occurred in all patients with a median time to peak of 8 days. We conclude that axi-cel is highly effective

as part of first-line therapy for high-risk LBCL, with a manageable safety profile.

noses among non-Hodgkin lymphomas worldwide, making it
the most common subtype'. While about 60% of patients with
LBCL have durable responses to standard first-line chemoimmu-
notherapy regimens—such as six cycles of rituximab, cyclophos-
phamide, doxorubicin, vincristine and prednisone (R-CHOP) or
dose-adjusted etoposide, prednisone, vincristine, cyclophospha-
mide, doxorubicin and rituximab (DA-EPOCH-R)—outcomes are
lower in patients with high-risk LBCL* For instance, patients with
LBCL and an International Prognostic Index (IPI) score of 3-5
(high-intermediate- and high-risk) have lower EFS, PFS and OS with
standard rituximab-containing chemoimmunotherapy regimens™'.
Intensification of chemoimmunotherapy and/or first-line consolida-
tion with high-dose chemotherapy and autologous stem cell trans-
plantation did not improve outcomes in patients with high IPI’.
A number of recent studies have also assessed early positron emission
tomography-computed tomography (PET-CT) using visual analy-
sis by Deauville criteria as a measure of dynamic risk assessment to
therapy®~. Based on the results of these studies, patients with LBCL
who had a positive PET result (PET2*) after two cycles of standard
first-line chemoimmunotherapy appeared to have a worse prognosis
compared with patients who had a negative PET2 (PET2").
Additionally, patients with high-grade B-cell lymphoma (HGBL)
characterized by gene rearrangements of MYC and BCL2 and/
or BCL6 (that is, double- or triple-hit lymphomas) have a poor

Large B-cell lymphoma accounts for up to 40% of all new diag-

prognosis with standard first R-CHOP, with CRR <50% (refs. '*-'?).
These high-risk patients are also more likely to have CNS involve-
ment"’. While DA-EPOCH-R is widely used in double- or triple-hit
lymphomas, CRRs remain <60% and there is no clear survival
benefit with the more aggressive induction regimen compared with
standard R-CHOP'*"*. At present, optimal therapy for double- or
triple-hit lymphomas or patients with LBCL and high IPI is unclear.
Given the poor outcomes collectively observed, these patients have
a high need for more effective therapeutic options early in their
disease course.

Chimeric antigen receptor T-cell therapies targeting CDI19
have demonstrated manageable safety profiles and high efficacy
in the treatment of relapsed/refractory B-cell lymphomas, includ-
ing LBCL, mantle cell lymphoma and follicular lymphoma'*.
Axi-cel, an autologous anti-CD19 CAR T-cell therapy, is approved
for patients with relapsed/refractory LBCL after two or more sys-
temic lines of therapy?'*. Initial approval of axi-cel in relapsed/
refractory LBCL was based on ZUMA-1, a single-arm, multicenter
trial of 101 patients with refractory LBCL after two or more lines of
systemic therapy”. After 63 months of median follow-up, median
OS in ZUMA-1 was 25.8 months and the 5-year OS rate was 43%,
demonstrating long-term disease control with axi-cel in patients
with refractory LBCL*. In ZUMA-1, patients who were less heavily
pretreated appeared to have product CAR T cells that were poten-
tially more biologically and clinically active®.
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Although CAR T-cell therapy is established for the treatment of
relapsed/refractory B-cell lymphomas, its potential when applied as
part of first-line therapy for patients at risk of early chemotherapy
failure has not been studied. ZUMA-12, a prospective, phase2,
multicenter, single-arm trial, assessed the efficacy and safety of
axi-cel as part of first-line therapy after an incomplete first-line
treatment regimen of two cycles of chemoimmunotherapy.
High-risk LBCL was defined by the dynamic risk assessment of
interim PET2*, together with either double- or triple-hit lymphomas
or high-intermediate- and high-risk IPI scores (>3). Here, we
report the results of the primary analysis from ZUMA-12.

Results

Patients. Between 6 February 2019 and 22 October 2020, a total of
42 patients were enrolled and underwent leukapheresis (Extended
Data Fig. 1 and Extended Data Table 1). Axi-cel was manufac-
tured for all 42 patients and administered to 40. One patient
did not receive treatment at their request, and one patient was
withdrawn from the study before treatment due to the discov-
ery of a second primary malignancy (Extended Data Fig. 1). The
median time from leukapheresis to delivery of axi-cel product to
the treatment facility was 18 days (range, 14-32; Extended Data
Table 2). The median weight-adjusted dose of axi-cel received by
patients weighing <100kg (n=31) was 2x10° cellskg™ (range,
2-2); all nine patients weighing >100kg received the per-protocol
maximum flat dose of 2x10° cells. The date of data cutoff for
the primary analysis was 17 May 2021, after which all treated
patients had the opportunity to be followed for 6 months after
the first disease assessment post-infusion. The median follow-up
time among patients included in the primary efficacy analysis
(n=37) was 15.9months (range, 6.0-26.7), and that among all
patients treated with axi-cel (n=40) was 17.4months (range,
6.0-26.7).

All 40treated patients met the eligibility criteria for hav-
ing high-risk disease, defined by either double- or triple-hit
lymphomas per investigator site assessment or LBCL with
IPI>3. Additionally, all patients met the inclusion criteria
of PET2*by local review according to the Lugano classifica-
tion” (Deauville score of 4 or 5) after two cycles of chemoim-
munotherapy with an anti-CD20 monoclonal antibody and an
anthracycline-containing regimen, with a Deauville PET score
of 4 (48%) or 5 (53%; Table 1). The median age was 61 years
(range, 23-86; Table 1). Patients included 22 (55%) with diffuse
LBCL (DLBCL), 16 (40%) with double- or triple-hit lymphomas
and two (5%) with HGBL not otherwise specified (HGBL-NOS;
Table 1). Most patients (95%) had stagelll or IV disease
and 78% had IPI >3 (Table 1). All treated patients received
two cycles of one previous systemic therapy, most commonly
R-CHOP (48%) or DA-EPOCH-R (45%). The median time from
the last dose of previous therapy to leukapheresis was 1 month.
Seven patients received nonchemotherapy bridging therapy after
leukapheresis and before conditioning chemotherapy (Extended
Data Fig. 1). Five patients received CNS prophylaxis.

Efficacy. According to protocol, the primary efficacy analysis was
performed after all treated patients were followed for >6 months
after the first post-infusion disease assessment, and included
patients with centrally confirmed disease type (double- or triple-hit
lymphomas) or IPI score >3 who received a target dose of 2x 10°
CAR Tecellskg™. Among the 37 patients included in primary effi-
cacy analysis, the primary endpoint of CRR was 78% (95% CI,
62-90; Fig. 1a). The median time to first complete response (CR)
was 30days (range, 27-207). The secondary endpoint of ORR
was 89% (95% CI, 75-97) and the median time to first objective
response was 29 days (range, 27-207). As of the data cutoff date,
25 patients (86% of complete responders and 68% of patients in
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Table 1| Baseline characteristics for all treated patients

Baseline characteristic Patients (n=40)

Age, median (range), years 61(23-86)

>65 years, n (%) 15 (38)
Male sex, n (%) 27 (68)
Histological disease type per investigator, n (%)

DLBCL not otherwise specified 22 (55)

HGBL-NOS 2(5)

Double- or triple-hit lymphoma 16 (40)
ECOG performance status score of 13, n (%) 25 (63)
Disease stage, n (%)

lorll 2(5)

Il or IV 38(95)
IPI total score®, n (%)

lor2 9(23)

3or4 31(78)
Deauville five-point scale, n (%)

4 19 (48)

5 21(53)
Bone marrow assessment at enrollments, n (%)

Lymphoma present 10 (25)

Double- or triple-hit status by FISH per central laboratory and IPI total score,
n (%)¢

Double- or triple-hit and IPI >3 4 (10)
Double- or triple-hit only 6 (15)
IPI>3 only 20 (50)
Neither double- or triple-hit nor IPI >3 2(5)
Double- or triple-hit not done and IPI >3 7 (18)
Double- or triple-hit not done and non-IPI >3 13)
Double expression per central laboratory, n (%) 13 (33)
c-Myc expression per central laboratory, n (%) 21(53)
Alterations by FISH, per investigator, n (%)
MYC 19 (48)
BCL2 15 (38)
BCL6 10 (25)
Previous systemic therapy regimen (two cycles), n (%)
R-CHOP 19 (48)
DA-EPOCH-R 18 (45)
Neither R-CHOP nor DA-EPOCH-R 6 (15)

Best response to two cycles of previous systemic therapy, n (%)

PR 21(53)
SD 2(5)
PD 16 (40)
NE 13
Previous radiotherapy, n (%) 2(5)
Received bridging therapy, n (%) 7 (17.5)

2Four patients had ECOG >2 at the time of diagnosis, which was changed to ECOG <1 before
enrollment. °IP| measured at initial diagnosis or any time between initial diagnosis and enrollment.
“Bone marrow assessment at baseline is the last assessment based on biopsy or PET-CT on or
before first dose of conditioning chemotherapy. “Of 6 patients reported to be double- or triple-hit
per investigator, 3 remained inconclusive, 1 was determined not to be double- or triple-hit,

and 2 were not tested by the central laboratory. “Three patients received both R-CHOP and
DA-EPOCH-R. Of the six patients who did not receive R-CHOP or DA-EPOCH-R, two received
EPOCH-R, one received EPOCH (patient's tumor was CD20-), one received EPOCH-R and
intrathecal chemotherapy, one received R-mini-CHOP and one received R-CODOX-M. NE, not
evaluable; R-CODOX-M, cyclophosphamide, vincristine, doxorubicin and high-dose methotrexate;
R-mini-CHOP, rituximab and reduced-dose cyclophosphamide, doxorubicin, vincristine and
prednisone
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Fig. 1| Best response, DOR, PFS, EFS and OS in patients included in primary efficacy analysis. a, Summary of best responses in efficacy-evaluable
patients (n=37). b-e, Kaplan-Meier plots for DOR (b), PFS (c), EFS (d) and OS (e) in efficacy-evaluable patients. 2One patient died following progression
after month 24 (cause of death was progression). NR, not reached; NE, not evaluable.

primary efficacy analysis) had an ongoing CR while 27 patients
(82% of objective responders and 73% of patients in the primary
efficacy analysis) had an ongoing objective response.

Complete response rates and ORRs among key subgroups gener-
ally aligned with the overall patient population (Fig. 2 and Extended
Data Fig. 2). All four patients with double- or triple-hit lympho-
mas and IPI score >3 achieved CR (Fig. 2), and all 13 patients aged
>65 years achieved objective response (Extended Data Fig. 2). CRR
for the six patients with double- or triple-hit lymphoma and IPI
score <2 was lower than that of the overall population (50 versus
78%), although sample size was small (Fig. 2).

With a median follow-up of 15.9months at the time of data
cutoff, the medians for secondary endpoints of DOR, PFS and
EFS had not yet been reached (Fig. 1b-d). The estimated rates for
DOR, PFS and EFS at 12 months were 81% (95% CI, 59-92), 75%
(95% CI, 55-87) and 73% (95% CI, 53-85), respectively (Fig. 1b-d).
The 12-month estimated OS rate (secondary endpoint) was 91%
(95% CI, 73-97; Fig. le). Of the 37 patients included in the primary
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efficacy analysis, 32 (86%) were still alive at the time of data cut-
off. Efficacy outcomes were similar among all patients treated with
axi-cel (n=40; Extended Data Table 3).

Five patients experienced disease progression after an initial
response to axi-cel at the time of data cutoff: one patient was
retreated with axi-cel and achieved partial response (PR); two
patients received subsequent therapies and did not respond; one
patient was screened for axi-cel retreatment and is awaiting treat-
ment; and one patient is still alive as of the data cutoff date, with
subsequent therapies unknown. No patients experienced CNS
relapse, a secondary endpoint. One patient achieved PR as best
response to axi-cel and then proceeded to subsequent therapy,
which included autologous stem cell transplantation, after which
the patient achieved CR. Three patients achieved a best response
of stable disease (SD) to axi-cel. At the time of data cutoff, one
patient had not received subsequent therapy but was still alive
while two patients had received subsequent therapy but died of
progressive disease (PD). The one patient who had PD as their
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Patients
No. of No. patients with with CR (%)
patients CR (95% ClI)
Overall 37 29 —e— 78 (62-90)
Age, years ‘
<65 24 17 I @ 1 | 71 (49-87)
>65 13 12 —————0— 92(64-100)
Sex }
Male 25 18 | — | 72 (51-88)
Female 12 11 I—;—0—| 92 (62-100)
Double- or triple-hit status per central laboratory and IPI score |
Double- or triple-hit only 6 3 I @ } | 50 (12-88)
IP1 >3 only 27 22 | 81 (62-94)
Double- or triple-hit and IPI >3 4 4 } } 4 100 (40-100)
Double- or triple-hit status per central laboratory |
Double- or triple-hit 10 I L } | 70 (35-93)
Neither double nor triple hit 20 16 I @ i 80 (56-94)
Double- or triple-hit status per local laboratory }
Double- or triple- hit 13 10 I - | 77 (46-95)
Neither double nor triple hit 20 16 | }C | 80 (56-94)
Double expression per central laboratory |
Double expression 13 10 | d‘ | 77 (46-95)
Nondouble expression 24 19 e 79 (58-93)
Double expression per investigator }
Double expression 11 9 I — | 82 (48-98)
Nondouble expression 26 20 I_d‘—| 77 (56-91)
C-Myc expression per central laboratory |
C-Myc expression 20 15 | - ; | 75 (51-91)
Nonc-Myc expression 17 14 | —@ | 82 (57-96)
C-Myc expression per investigator |
C-Myc expression 18 14 I $ | 78 (52-94)
Nonc-Myc expression 19 15 I - | 79 (54-94)
IPI score }
<2 6 3 | L - | 50 (12-88)
>3 31 26 I—;—0—| 84 (66-95)
ECOG performance status |
0 15 13 } —e——  87(60-98)
1 22 16 | - — | 73 (50-89)
Deauville five-point scale }
4 18 15 I —@ | 83 (59-96)
5 19 14 I ® } i 74 (49-91)
Best response to prior therapy I
PR 19 16 } } ° | 84 (60-97)
SD/PD/NE 18 13 I — | 72 (47-90)
Cell of origin }
GCB 15 14 —————e— 93(68-100)
ABC 5 3 I = ; | 60 (15-95)
Other | L T | 50 (7-93)
Not tested 13 10 [ d‘ | 77 (46-95)

10 20 30 40 50 60 70 80 90 100
CRR (%)

Fig. 2 | Forest plot representing subgroup analyses of CRR in patients included in primary efficacy analysis. Response assessments, according to Lugano
classification®, are displayed regarding CRR for subgroups of interest within the efficacy-evaluable population (n=37). Data for each group are presented
as the proportion of patients with CR and 95% CI (based on the Clopper-Pearson method). Dashed vertical line represents the point estimate of the

overall population.

best response to axi-cel went on to receive subsequent therapies
but died of PD.

Safety. We assessed the secondary endpoint of the incidence of
adverse events among all 40treated patients. All 40 patients expe-
rienced at least one adverse event of any grade, with grade>3
adverse events experienced by 34 patients (85%). The most com-
mon treatment-emergent adverse events of any grade were pyrexia
(100%), headache (70%) and decreased neutrophil count (55%;
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Table 2). The most common treatment-emergent adverse events
of grade >3 were decreased neutrophil count (53%), reduced white
blood cell count (43%) and anemia (30%; Table 2).

Cytokine release syndrome of any grade occurred in all
40 patients (Table 3). Most cases of CRS were grade 1 or 2 (93%),
with three (8%) being grade >3, and no patients died from CRS.
The most common CRS symptoms of any grade were pyrexia
(100%), hypotension (30%), chills (25%) and hypoxia (23%; Table 3).
The median time to onset for CRS after infusion with axi-cel was
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Table 2 | Adverse events occurring in >15% of all treated
patients, by worst grade
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Table 3 | Adverse events of interest occurring in >15% of all
treated patients, by worst grade

Adverse event’, n (%) Grade1 Grade2 Grade>3¢ Total Adverse event’, n(%) Grade1l Grade2 Grade>3 Total
Any adverse event® 103) 5(13) 34 (85) 40 (100) Subjects with any CRS*  27(68) 10(25) 3(8) 40 (100)
Pyrexia 8 (20) 28 (70) 4(@0) 40 (100) Pyrexia 8(20) 28 (70) 4 (10) 40 (100)
Headache 19048) 9(23) 0(0) 28 (70) Hypotension 7 (18) 5(13) 0(0) 12 (30)
Neutrophil count 0(0) 1(3) 21(53) 22 (55) Chills 9(23) 1(3) 0(0) 10 (25)
decreased Hypoxia 2(5) 2(5) 5(13) 9(23)
Nausea 9@ neEde 16 2153) Sinus tachycardia ~ 6(15) ~ 0(0)  0(0) 6 (15)
Diarrhea 4G5 605 000 20 (50) Subjects with any 1435 635  9(23) 29(73)
Fatigue 8 (20) 12(30) 0(0) 20 (50) neurologic events
White blood cell count 0 (0) 1(3) 17 (43) 18 (45) Confusional state 7 (18) 2(5) 2(5) 11(28)
decreased Encephalopathy 2(5) 2(5) 6 (15) 10 (25)
Hypotensmn 8 (20) 5(@3) 1(3) 14 (35) Tremor 8 (20> 2 (5) 0 (0) 10 (25)
Anemia 00 13 1230 1363 2Adverse events include those with onset on or after axi-cel infusion date and coded using
Chills 10 (25) 103) 0 (0) 11 (28) MedDRA v.23.1. Neurologic events were identified using the modified blinatumomab registrational
X study®. CRS was graded according to Lee et al.”. The severity of all adverse events, including
Confusional state 7(18) 2(5) 2(5) 1(28) neurologic events and symptoms of CRS, was graded according to CTCAE v.5.0.
Hypokalemia 8 (20) 2(5) 1(3) 11(28)
Hypoxia 38 38 503) n@8) Serious adverse events of any grade were experienced by
Encephalopathy 2(5) 2(5) 6 (15) 10 (25) 18 patients (45%; Extended Data Table 4). A total of 13 patients
Sinus tachycardia 9(23) 1) 0(0) 10 (25) (33%}2 expe?e}l:ced infection of any grade (Ext'enfded‘ Dat?. T{ibée
Tremor 8 (20) 25) 0(0) 10 (25) 5), three of these events were SARS-CFOV—% infection, includ-
— ing one each of grade2 and grade5 infection (these patients
Constipation 605 20 0(0) 8 (20) did not report receiving a COVID-19 vaccine) and one of
Decreased appetite 3(8) 5(13) 0 (0) 8 (20) grade3 COVID-19 pneumonia (the patient was fully vacci-
et @aui 13) 13) 6 (15) 8 (20) nate.d aga.tinst COVID-19). The remaining ten adverse events
S —— of infection were grade3 (n=4), grade2 (n=3) or gradel
. (n=3) and included a gradel event of cytomegalovirus infec-
Vom{tmg - =16 5B @ B0 tion reactivation. A total of four patients (10%) had adverse
Alanine amino- 13 38 3(8 7018) events of hypogammaglobulinemia, all of which were grade2.
transferase increased Grade >3 cytopenias were present in 68% of patients (n=27);
Hypophosphatemia 0 (0) 5(13) 2(5) 7 (18) grade >3 cytopenias present on or after day 30 were experienced
Muscular weakness ~ 4(10) 2 (5) 103) 7.(18) by eight patients (20%). All cytopenias of any grade had resolved
T 5313) 13) 00 6 (15) by the data cutoff date, with a medlap dgratlon of 0.5 months.. No
cases of tumor lysis syndrome, replication-competent retrovirus
Neutropenia 0O 13 513) 6 (15) or secondary malignancies related to axi-cel were reported.

2Adverse events include those with onset on or after axi-cel infusion date, coded using MedDRA
v.23.1 and graded according to CTCAE v.5.0. °The first row, showing any adverse event, displays the
worst grade event experienced by each of the 40 treated patients. “One grade 5 event occurred and
was reported as COVID-19.

4 days (range, 1-10; Table 3). All 40 patients (100%) had their CRS
resolved by data cutoff, with a median event duration of 6 days. CRS
was managed with tocilizumab in 25patients (63%), steroids in
14 patients (35%) and vasopressors in one (3%).

Neurologic events of any grade were experienced by 29 patients
(73%), with seven events (18%) being grade 3 and two (5%) being
grade 4. No patient died from a neurologic event. The most com-
mon neurologic events of any grade were confusional state (28%),
encephalopathy (25%) and tremor (25%). Grade 4 serious adverse
events of encephalopathy were experienced by two patients (5%),
and both events had fully resolved by data cutoff. The median
time to onset for neurologic events was 9days (range, 2-44)
and median event duration was 7 days. As of data cutoff date,
neurologic events had resolved in 28 patients, with one patient
experiencing an ongoing neurologic event of gradel tremor.
Neurologic events were managed with steroids in 13 patients
(33%) and tocilizumab in one (3%). Additionally, no patient
required mechanical ventilation for the management of neuro-
logic events.
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A total of six patients (15%) treated with axi-cel died, four from
PD after proceeding to subsequent therapies (10%). The other two
deaths were due to COVID-19 (day350 post-infusion) and septic
shock (day 287 post-infusion). Only the one death from COVID-19
was reported as an adverse event. The instance of septic shock was
reported after the patient had proceeded to subsequent therapy.

Biomarkers. CAR T-cell expansion was observed in peripheral
blood in all 40 patients. The median peak CAR T-cell level, a
secondary endpoint, was 36.27 cells pl ! and median area under the
curve (AUC) in a plot of CAR T cells in blood between days 0 and
28 (AUC,_,5) was 495.38 cells pl! X days (Fig. 3a,b). Median time to
peak anti-CD19 CAR T-cell levels in blood was 8 days (range, 8-37;
Extended Data Table 6). Pharmacokinetic profiles were similar
across patients in different diagnostic categories, including those
with double- or triple-hit lymphoma and IPI score >3 (Extended
Data Table 6). At 6 months after infusion, 13 of 21 patients (62%)
with evaluable samples maintained low, but detectable, levels of
CAR gene-marked cells in blood. Three patients had samples
evaluable at the approximate time of their relapse, two of whom
had detectable CAR gene-marked cells in blood. Two additional
patients who relapsed did not have evaluable samples at the time
of relapse, although they had detectable CAR gene-marked cells
in blood at the final time point assessed before relapse (days 85
and 145).
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Fig. 3 | Levels of CAR T cells in blood and association of serum cytokines with adverse events. a,b, Peak levels of CAR T cells reached in the blood (a)
and AUC,_,5 (b). ¢, Peak CAR T-cell levels by tumor burden quartile, as determined by SPD of target lesions. For all box plots, the center line denotes

the median, box limits the upper and lower quartiles and whiskers 1.5x interquartile range. d,e, Selected cytokines associated with neurologic events (d)
and CRS (e) with median ratio >2 based on ratio of median peak levels in grade >3 events to grade 2, grade 1 or no events. Resultant values with ratio>2
for neurologic events and >4 for CRS are depicted. Color scales indicate the median ratio, with increasing intensity representing higher values. CCL,
chemokine ligand; ICAM-1, intercellular adhesion molecule-1; MIP-1, macrophage inflammatory protein-1;, VCAM-1, vascular cell adhesion protein-1.

The median peaklevels of CAR T cellsand AUC,_,; among patients
who relapsed or did not respond trended higher but were not statisti-
cally significantly different to those who had an ongoing response
as of the data cutoff date. CAR T-cell persistence declined similarly
among patients who had an ongoing response compared with those
who had relapsed disease or did not respond to axi-cel. Additionally,
no trend was found between peak or AUC,_,; and response.

Patients with a tumor burden per sum of product diameters
(SPD) in the second and third quartiles of baseline tumor burden
value appeared to have higher median peak levels of CAR T cells
and lower average time to peak than those with baseline tumor
burden in the first and fourth quartiles (although low numbers
of patients in each quartile limited comparison and differences
were not statistically significant; Fig. 3c). Patients who experi-
enced grade >3 CRS (n=3) had peak levels of CAR T cells in blood
and AUC,_,, with a median ratio of fourfold more (144.2 cells pl™!
(range 10.4-268.4) versus 35.7 cellspl! (range, 6.8-560.3)), and
2.2-fold more (1,067.7 cells pl* X days (range, 151.4-2303.3) versus

740

486.7 cells ul~' X days (range, 74.5-4,288.0) than that of patients who
experienced grade2, gradel or no CRS. Patients who experienced
grade >3 neurologic events (n=9) had peak levels of CAR T cells
in blood and AUC,_,, with a median ratio 2.1- and 2.3-fold more,
respectively, than that of patients who experienced grade2, grade 1
or no neurologic event, although the difference between the two
groups was not statistically significant.

Serum levels of cytokines were also assessed as a secondary end-
point, with median time to peak of most serum cytokines being
within 8days. Several serum analytes were elevated in patients
experiencing grade>3 CRS or neurologic events compared with
those who had grade2, gradel or no CRS or neurologic events
(Fig. 3d,e). Among serum analytes that were at least twice as high at
peak among patients who experienced grade >3 neurologic events
compared with those who did not (Fig. 3d), interleukin (IL)-5,
macrophage inflammatory protein-1a (MIP-1a), interferon (IFN)-y,
granulocyte-macrophage colony-stimulating factor (GM-CSF), fer-
ritin, tumor necrosis factor (TNF)-a, IL-10, IL-8 and programmed
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death-ligand 1 (PDL1) were all determined to be significantly higher
(P<0.05). Serum cytokine peak values that were at least fourfold
higher among patients who experienced grade>3 CRS compared
with those who did not were analyzed, but were not assessed
for statistical significance due to the small patient population size
who experienced grade>3 CRS (n=3). The most highly elevated
serum cytokines among those experiencing grade>3 CRS were
IL-6, IL-8 and GM-CSF (Fig. 3e). Axi-cel product characteristics are
shown in Extended Table 2. The median proportion of naive-like
Tcells (CCR7*CD45RA*) among total Tcells infused was 35%
(range, 7-80).

Discussion

Patients with high-risk LBCL, including those diagnosed with
double- or triple-hit lymphomas and LBCL with high IPI scores,
have a poor prognosis with currently available therapy options,
demonstrating a high need for effective therapies earlier in their dis-
ease course”'>”’. Moreover, prospective trials of therapies primarily
in these high-risk patient populations are very limited". Clinical
trials of frontline therapy in high-risk LBCL are rare and are chal-
lenging to conduct due to the risks of disease progression during
screening”. To our knowledge, ZUMA-12 is the first prospective
phase 2 trial to evaluate CAR T-cell therapy as part of first-line treat-
ment in patients with high-risk LBCL. Importantly, the high-risk
patient population for this trial was selected based on both high-risk
features identified at the time of initial diagnosis (IPI and double-
or triple-hit status) and dynamic risk assessment utilizing interim
PET after an incomplete regimen of two cycles of standard first-line
chemoimmunotherapy. Forty-five per cent of patients in ZUMA-12
had either SD (5%) or PD (40%) at study entry, suggesting that a
substantial proportion had primary chemorefractory disease, a
group historically associated with median OS of approximately
6 months and long-term survival estimates near 10% (refs. 25%°).

In this high-risk LBCL population, axi-cel demonstrated a
high rate of rapid and CRs at 78%, and a median time to first CR
of 30days; among all patients treated with axi-cel, 80% achieved
CR. Results from ZUMA-12 compare favorably with those of the
GELA study of rituximab, doxorubicin, cyclophosphamide, vinde-
sine, bleomycin and prednisone (R-ACVBP) or R-CHOP-14 induc-
tion in young patients with high-risk DLBCL, wherein the primary
outcome of achieving CRR >50% after four cycles of induction
regimen was not met in either randomization group'. CRRs in
ZUMA-12 were numerically higher than those with DA-EPOCH-R
(59%) and R-CHOP (60%) in the Alliance/ CALGB 50303 trial, and
patients with high-risk disease were underrepresented in that trial'.
Additional measures of efficacy also indicated positive outcomes for
patients with high-risk LBCL in ZUMA-12, with an ORR of 89%
and an ongoing response rate of 73% after a median of 15.9 months
of follow-up as of the data cutoff date.

Recent randomized controlled trials of second-line CAR T-cell
therapy in LBCL also suggest that treatment with CAR T-cell ther-
apy in earlier lines is a viable option regardless of high-risk disease
characteristics, with similar EFS among patients with high-grade
B-cell lymphoma or high IPI and the overall population in each
study’™'. ORRs among patients with high-grade B-cell lymphoma
(with or without double- or triple-hit) treated with axi-cel in
ZUMA-7 were similar to those in ZUMA-12 (84 versus 89%)*°. Of
note, a separate randomized control trial in a similar patient popu-
lation (BELINDA) showed differing results, possibly due to differ-
ences in trial design, CAR T-cell product, timing of infusion and
patient population, among other factors>*’. The CRR in ZUMA-12
appeared higher than that in patients with double- or triple-hit lym-
phomas and refractory disease in the ZUMA-1 study of axi-cel (78
versus 67%), supporting the use of axi-cel in earlier lines, although
comparisons are limited by the sample size in ZUMA-1 (n=6)".
CRs were generally consistent among key high-risk features of
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double- or triple-hit status and IPI score >3, and patients with IPI
score >3 achieved 84% CRR. Importantly, medians of DOR, PES
and EFS were not reached after >15months of median follow-up,
suggesting that responses to axi-cel have the potential to be durable.

Safety with axi-cel was manageable in these high-risk patients,
and no new safety signals were reported with axi-cel in an earlier
line. The incidence of any treatment-emergent adverse events of
grade >3 was 85%, which appears numerically lower than the inci-
dence of 95% reported in the ZUMA-1 study”. The incidence of
grade>3 CRS in the ZUMA-12 study (8%) also appeared slightly
numerically lower than that observed in ZUMA-1 (13%). Similarly,
the incidences of grade>3 neurologic events in the ZUMA-12
study (23%) were slightly lower than observed in ZUMA-1 (28%)*.
Observed differences between these trials of axi-cel may be con-
nected to disease-related factors and improvements in toxicity
management over time, although our study was not designed to
compare outcomes between trials. Both CRS and neurologic events
were generally manageable and reversible, suggesting that safety
management guidelines for axi-cel during the ZUMA-12 study kept
higher-grade adverse events of special interest to a minimum.

The median tumor burden was lower in ZUMA-12 than previ-
ously reported in ZUMA-1 Cohort1 (2,778 versus 3,684 mm?), and
the median time to peak levels of CAR T cells in blood was 8 days
for ZUMA-12 compared with 7 days for ZUMA-1 Cohort1 (ref. »).
CAR T-cell expansion by peak and AUC appeared higher in ZUMA-
12 than in ZUMA-1 (ref. '°). Pharmacokinetic profiles were simi-
lar in patients with double- or triple-hit lymphoma and in LBCL
with IPI score>3. In ZUMA-1, responders had higher peak levels
of CAR T cells in blood and higher AUC,_,; than nonresponders®.
This trend was not observed among patients in ZUMA-12, which
could be due to differences in either axi-cel product characteristics
or patient responses to axi-cel when administered as part of first-line
therapy. However, only four patients treated in ZUMA-12 did not
respond to therapy, so any trends observed may not be represen-
tative of a larger population of nonresponders. The median peak
serum analyte levels associated with grade >3 neurologic events in
ZUMA-12 were consistent with previous findings in ZUMA-1, with
several cytokines, including IL-10, IL-1Ra, IFN-y and IL-8, being
statistically significantly elevated at peak values among patients in
both ZUMA-1 and ZUMA-12 who experienced grade >3 neuro-
logic events”. In ZUMA-12, median peak levels of cytokines that
were substantially higher with both grade>3 CRS and neurologic
events included IL-6, IL-5, IL-8, GM-CSF and eotaxin-3.

As with all personalized therapies, including CAR T-cell thera-
pies such as axi-cel, reliable and expedient manufacturing is para-
mount. Successful manufacture of the therapy is especially important
for patients with aggressive and rapidly progressing disease and
in those recently treated with chemotherapy. In ZUMA-12,
axi-cel was successfully manufactured in 100% of the 42 enrolled
patients, with axi-cel delivered to the site a median of 18 days after
leukapheresis. This high rate of manufacturing success and quick
delivery time demonstrated that manufacturing issues or delays
were not a factor in the treatment of patients in ZUMA-12, and
recent exposure to R-CHOP or DA-EPOCH-R did not affect gen-
eration of axi-cel. Furthermore, a higher proportion of naive-like
T cells (CCR7* CD45RA") in axi-cel products in ZUMA-12 versus
ZUMA-1, a cell phenotype previously associated with greater
expansion of CAR T cells, supports the notion that T-cell function-
ality—and thereby clinical efficacy—may be improved if CAR T-cell
therapy is moved to earlier lines of therapy®.

This study had certain limitations. Dynamic risk assessment was
conducted using PET2* by Deauville score, which may be less repro-
ducible than other prognostic assessments such as ASUV, although
the prognostic value of these two measures has not been studied
in high-risk LBCL and some patients in ZUMA-12 did not have a
baseline PET*". Assessments of quality of life were not conducted
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in this study. Further, immunoglobulin levels, CD19 antigen detec-
tion at relapse and further genomic analyses at baseline beyond the
presence of MYC, BCL2 and BCL6 alterations were not assessed.
The primary analysis of ZUMA-12 was designed to assess CR to
axi-cel, and durability of responses will be better assessed with lon-
ger follow-up.

In conclusion, our findings from the primary analysis of ZUMA-
12 provide evidence that axi-cel is safe and highly effective as part
of first-line treatment for adult patients with high-risk LBCL,
including those with positive interim PET2, together with either
double- or triple-hit lymphomas or with IPI score>3. Further
investigation is warranted in these patient populations to determine
the benefit of axi-cel as first-line therapy compared with standard
chemoimmunotherapy.
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Methods
Study design and participants. This phase 2, single-arm, open-label, registrational
ZUMA-12 trial (Clinicaltrials.gov no. NCT03761056) was conducted at seven
medical centers in the United States, Australia and France (Extended Data Table 1).
The study protocol and statistical analysis plan are included in the Supplementary
Information. Patients were considered eligible for the study if they were male or
female, 18 years or older and had LBCL with one or more of the following features:
double-hit or triple-hit lymphoma (that is, high-grade B-cell lymphoma with
MYC and BCL2 and/or BCL6 translocations), as determined by the investigator
using fluorescent in situ hybridization (FISH); or other histologically confirmed
LBCL, as defined by the World Health Organization (WHO) in 2016 (ref. ')
with an IPI score of >3 at initial diagnosis or any time between initial diagnosis
and enrollment. Lymphoma types included under eligibility criteria were: (1)
DLBCL not otherwise specified, including types germinal center B-cell (GCB)
and ABG; (2) intravascular LBCL; (3) T-cell/histiocyte-rich LBCL; (4) DLBCL
associated with chronic inflammation; (5) Epstein-Barr virus* DLBCL not
otherwise specified; and (6) HGBL-NOS. Additional eligibility criteria required
that patients were PET*according to the Lugano classification® (Deauville score
of 4 or 5) after two cycles of chemoimmunotherapy consisting of an anti-CD20
monoclonal antibody (unless the investigator determined that the tumor was
CD20), and an anthracycline-containing regimen. At least 2 weeks must have
elapsed since any previous systemic therapy at the time the patient was scheduled
for leukapheresis. Additional inclusion criteria were as follows: (1) no evidence,
suspicion and/or history of CNS involvement; (2) Eastern Cooperative Oncology
Group (ECOG) performance status of 0 or 1; and (3) toxicities due to previous
therapy stabilized and recovered to grade 1 or lower, with the exception of clinically
nonsubstantial toxicities such as alopecia. Patients must also have adequate bone
marrow, renal, hepatic, pulmonary and cardiac function (absolute neutrophil
count >1,000 pl; platelet count >75,000 pl-'; absolute lymphocyte count >100 pl™';
creatinine clearance >60 ml min~'; serum alanine aminotransferase and aspartate
aminotransferase <2.5upper limit of normal; total bilirubin <1.5mgdl™,
except in patients with Gilbert’s syndrome; cardiac ejection fraction >50%); no
evidence of pericardial effusion (except trace or physiological) as determined
by echocardiogram, and no clinically notable electrocardiogram findings; no
clinically notable pleural effusion; and baseline oxygen saturation >92% on room
air. Females of childbearing potential must have had a negative serum or urine
pregnancy test.

Patients were excluded from the trial if any of the following applied: a history
of malignancy other than nonmelanoma skin cancer or carcinoma in situ,
unless disease-free for at least 3 years; a history of Richter’s transformation of
chronic lymphocytic leukemia or PMBCL; a history of autologous or allogeneic
stem cell transplantation; previous CD19-targeted therapy previous CAR T-cell
therapy or other genetically modified T-cell therapy; history of severe, immediate
hypersensitivity reaction attributed to aminoglycosides; presence or suspicion
of fungal, bacterial, viral or other infection that is uncontrolled or requiring
intravenous antimicrobials for management (simple urinary tract infection
and uncomplicated bacterial pharyngitis are permitted if responding to active
treatment and after consultation with the sponsor’s medical monitor); history of
human immunodeficiency virus infection or acute or chronic active hepatitis B
or C infection (patients with previous hepatitis infection must have cleared their
infection as determined by standard serological and genetic testing according to
current Infectious Diseases Society of America guidelines or applicable country
guidelines); presence of any indwelling line or drain (dedicated central venous
access catheters were permitted); detectable cerebrospinal fluid malignant cells,
brain metastases or active CNS lymphoma; history or presence of CNS disorder
or any autoimmune disease with CNS involvement; cardiac atrial or cardiac
ventricular lymphoma involvement; history of clinically substantial cardiac
disease within 12 months of enrollment; required urgent therapy due to tumor
mass effects; a primary immunodeficiency or history of autoimmune disease
resulting in end organ injury or requiring systemic immunosuppression/systemic
disease-modifying agents within the past 2 years; history of symptomatic deep
vein thrombosis or pulmonary embolism within 6 months of enrollment; any
medical condition likely to interfere with assessment of safety or efficacy of study
treatment; history of severe immediate hypersensitivity reaction to any of the
agents used in this study; or live vaccine <6 weeks before the planned start of
a conditioning regimen. Women of childbearing potential who were pregnant
or breastfeeding, and patients of either gender who were not willing to practice
birth control from the time of consent through to 6 months after the completion
of conditioning chemotherapy or axi-cel infusion, whichever is longer, were
excluded. In the investigator’s judgment, if the patient was unlikely to complete all
protocol-required study visits or procedures, including follow-up visits, or comply
with the study requirements for participation, they were excluded.

All patients enrolled in the study provided written informed consent, and
the study was conducted in accordance with applicable International Conference
on Harmonisation Good Clinical Practice Guidelines, the principles of the
Declaration of Helsinki and any applicable local laws and regulations. The protocol
was approved by the institutional review board or independent ethics committee
at each study site (City of Hope National Medical Center, Moffitt Cancer
Center, MD Anderson Cancer Center, Banner MD Anderson Cancer Center,
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Vanderbilt-Ingram Cancer Center, Peter MacCallum Cancer Center and Hopital
Saint-Louis)-Service Hematologic Seniors) and was provided to the key sponsor
contact. Patients were not compensated for trial participation beyond receipt

of therapy and associated care. Patients may be compensated for study-related
illness or injury pursuant to the information outlined in the injury section of the
informed consent form.

Procedures. Eligible patients underwent leukapheresis to obtain cells for use in
manufacture of the axi-cel CAR T-cell product. Patients then received intravenous
conditioning chemotherapy of cyclophosphamide (500 mgm™) and fludarabine
(30mgm-?) on days —5, —4 and —3, followed by a single intravenous infusion

of axi-cel at a target dose of 2 x 10° anti-CD19 CAR T cellskg™" on day0. The
minimum allowable dose of axi-cel was 1 X 10° anti-CD19 CAR T cellskg™, and
patients weighing >100kg were administered a maximum flat dose of axi-cel

at 2% 10° anti-CD19 CAR T cells. Patients were monitored for at least 7 days at

a healthcare facility after axi-cel infusion. At the discretion of the investigator,
nonchemotherapy bridging therapy, including corticosteroids or high-dose
methylprednisolone plus rituximab, was permitted for patients with high disease
burden at screening or baseline assessments. Nonchemotherapy bridging therapy
was to have been administered after leukapheresis/enrollment and completed as
early as 7 days before the start of conditioning chemotherapy, depending on the
bridging therapy type.

Within approximately 5 days of eligibility, laboratory monitoring began
and then continued on days —5, —4 and —3; day 0; and days 1-7 after infusion.
Post-treatment follow-up monitoring occurred at weeks 2 and 4, months 2 and 3
and then every 3 months thereafter until month 24. Disease response assessment
was performed locally by PET-CT at week 4, month 3 and then every 3 months
thereafter until month 24 or until disease progression, whichever occurred first.

All adverse events observed by the investigator or reported by the patient
that occurred from enrollment up to 3 months after treatment with axi-cel
infusion were reported. After 3 months, targeted adverse events (for example,
infections; neurologic, hematological and autoimmune disorders; and secondary
malignancies) were monitored and reported for 24 months after treatment with
axi-cel or until disease progression, whichever occurred first. For patients who
were enrolled but did not receive axi-cel, the adverse event-reporting period
ended 30 days after the final study-specific procedure (for example, leukapheresis,
conditioning chemotherapy). In review of adverse events, investigators assessed
and reported whether the adverse event was potentially related to (1) axi-cel;

(2) conditioning chemotherapy; (3) any protocol-required study procedure

or treatment; (4) disease progression; (5) concurrent disease; (6) concomitant
medication; or (7) other. Adverse events were coded using Medical Dictionary

for Regulatory Activities (MedDRA) v.23.1 and graded according to the National
Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE)
v.5.0. The overall status of CRS was graded according to a modification of the
grading system proposed by Lee and colleagues™; individual CRS symptoms were
graded according to CTCAE v.5.0. Neurologic events were also graded using
CTCAE v.5.0, and were identified using a modified search strategy based on
known neurologic events associated with anti-CD19 immunotherapy”. Guidelines
for management of treatment-related toxicities were updated subsequent to
increased experience with axi-cel. Patients could be removed from the study

due to patient withdrawal of consent for further follow-up, investigator discretion,
loss to follow-up or death.

An independent Data Safety Monitoring Board (DSMB) was chartered to
meet and review serious adverse events and suspected unexpected serious adverse
reactions on a semiannual basis through the primary analysis data cutoff. The
DSMB met to review safety data after 15 patients were enrolled and treated with
axi-cel and had an opportunity to be followed for 3 months after infusion. The
DSMB also made trial conduct recommendations on an ongoing basis based on an
analysis of risk versus benefit. All data were collected in an electronic case report
form system between study initiation on 29 January 2019 and the data cutoff date
for the primary analysis of 17 May 2021.

Outcomes. The primary endpoint was CRR according to the Lugano
classification® as determined by the study investigators. Secondary endpoints

were ORR (defined as the incidence of either CR or PR); DOR (among patients
experiencing an objective response, defined as the time from the first objective
response to events of disease progression or death from any cause); EFS (defined as
the time from the axi-cel infusion date to the earliest date of the events of disease
progression, commencement of subsequent new antilymphoma therapy, including
stem cell transplant, or death from any cause); PFS (defined as the time from
axi-cel infusion date to the date of the events of disease progression or death from
any cause); OS (defined as the time from axi-cel infusion to the date of the event of
death from any cause); incidence of adverse events; levels of anti-CD19 CAR T cells
in blood; levels of cytokines in serum; and associations between biomarker levels
and clinical outcomes.

Biomarker analyses. The presence, expansion and persistence of anti-CD19 CAR
T cells in peripheral blood were measured using TagMan quantitative polymerase
chain reaction (Thermo Fisher Scientific) and confirmed by droplet digital PCR
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(Bio-Rad Laboratories) according to the manufacturer’s instructions”. Serum
cytokines were analyzed either by Simple Plex (Simpleprotein) according to the
manufacturer’s instructions or Luminex (EMD Millipore) or V-Plex Multiplex
assay panels (Meso Scale Discovery)*. T-cell phenotypes in axi-cel products were
assessed for CCR7 and CD45RA expression by multicolor flow cytometry using
established protocols and antibodies. Briefly, the analysis employed a cell-gating
strategy that selected viable CD3* by exclusion of dead/apoptotic cells using
7-amino-actinomycin D. Data analysis was performed using Flow]Jo software v.10
(Supplemental Fig. 1).

Statistical analysis. This trial used a single-arm design to estimate CRR in
patients with high-risk LBCL who were treated with axi-cel. No formal hypothesis
was tested. The CRR targeted in this study was 60% among treated patients,
which included all patients who received infusion of axi-cel and determined to
be clinically meaningful after assessment of a previous trial in similar high-risk
populations with CRR <50% in both arms''. With a total sample size of 40 patients,
an observed CRR of 60% will yield 80% CI for the response rate with maximum
half-width <11%, corresponding to a lower limit of at least 48.6% and representing
an improvement in response rate. Two-sided 95% Cls were calculated with the
Clopper-Pearson method. The primary analysis was performed after all treated
patients had an opportunity to be assessed for response 6 months after week 4
disease assessment. Patients with centrally confirmed disease type (double- or
triple-hit lymphomas) or IPI score >3 and who received a target dose of 2 10°
CAR Tcellskg™ (minimally 1 10° CAR T cellskg™) were included in the primary
efficacy analysis. Response was also measured among prespecified subgroups of
disease and patient characteristics among efficacy-eligible patients. All patients
who were treated with axi-cel were included in the safety and biomarker analyses.

Time-to-event analyses were assessed using the Kaplan-Meier method.
For EFS, patients who were alive, in response and with no new antilymphoma
therapy (including stem cell transplantation or axi-cel retreatment) were censored
at their last evaluable disease assessment. For PES and DOR, patients who had
not died or had disease progression were censored at their last evaluable disease
assessment before the data cutoff date or the start of subsequent therapy, including
stem cell transplantation or axi-cel retreatment. For OS, patients who were alive
were censored at the last date they were known to be alive or the data cutoff date,
whichever occurred first. Patients who died after the data cutoff date were censored
at the data cutoff date.

Pharmacokinetic and pharmacodynamic analyses were reported as descriptive
summaries. No formal hypothesis testing was performed for pharmacokinetic
and pharmacodynamic analyses. Wilcoxon rank-sum test was used to evaluate
exploratory associations among biomarker levels and clinical outcomes; Pvalues
are descriptive and were not adjusted for multiplicity. Efficacy endpoints were
evaluated in all patients treated with axi-cel at a dose of at least 1 X 10° anti-CD19
CAR T cellskg™ and with centrally confirmed disease type (double- or triple- hit
lymphoma) or IPI score >3. Safety analyses included all treated patients. All
statistical analyses were done using SAS v.9.4.

Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Data availability

Gilead is committed to sharing clinical trial data with external medical experts and
scientific researchers in the interest of advancing public health. As such, Gilead
shares anonymized individual patient data (IPD) upon request or as required by
law and/or regulation. Qualified external researchers may request IPD for studies
of Gilead compounds approved in the United States and the European Union with a
marketing authorization date on or after 1 January 2014 and that are publicly listed
on clinicaltrials.gov or the European Union-Clinical Trials Register. For studies

of newly approved compounds or indication, IPD will be available for request

6 months after US Food and Drug Administration (FDA) and European Medicines
Agency approval. Such requests are at Gilead’s discretion and are dependent on the
nature of the request, the merit of the research proposed, availability of the data
and the intended use of the data. If Gilead agrees to the release of clinical data for
research purposes, the requester will be required to sign a data-sharing agreement
to ensure protection of patient confidentiality before the release of any data.

Please contact medinfo@kitepharma.com for all data requests.
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54 patients screened

12 patients not enrolled/leukapheresed
1 adverse event
— 8 did not fulfill eligibility
1 did not have residual disease after 2 cycles of R-EPOCH
2 withdrew consent

v

42 patients enrolled/leukapheresed

2 patients not treated
1 patient request
1 patient withdrawn due to discovery of second primary
tumor

A\ 4

\ 4

7 patients received bridging therapy

\ 4

40 patients received conditioning chemotherapy

\ 4
40 patients received axicabtagene ciloleucel

v

42 patients in full analysis set

40 patients in safety analysis set*

37 patients in response evahable set’

1 patient in the safety retreatment analysis set

Extended Data Fig. 1| Patient flow diagram. *Includes all treated patients who received any dose of axicabtagene ciloleucel. TIncludes all treated patients
with centrally confirmed disease type (double- or triple-hit lymphomas) or IPI score >3 who received >1x10° CAR T cells/kg. CAR, chimeric antigen

receptor; IPl, International Prognostic Index.
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Percent of patients

No. of No. patients with with a overall response
patients aresponse (96% ClI)
Overall 37 33 —e— 89 (75-97)
Age, years :
<65 24 20 P 83 (63-95)
265 13 13 —————® 100(75-100)
Sex }
Male 25 22 | ———— | 88 (69-97)
Female 12 11 |—,‘-o—| 92 (62-100)
Double- or triple-hit status per central laboratory and IPl score |
Double- or triple-hit only 6 5 I L 1 | 83 (36-100)
IP123 only 27 24 | e | 89 (71-98)
Double- or triple-hit and IP1 =3 4 4 I } @ 100 (40-100)
Double- or triple-hit status per central laboratory |
Double- or triple-hit 10 9 I P | 90 (55-100)
Neither double- nor triple-hit 20 18 —-a0—-A 90 (68-99)
Double- or triple-hit status per local laboratory :
Double- or triple-hit 13 12 ——ue— 92(64-100)

Neither double- nor triple-hit 20 18 |—P—| 90 (68-99)

Double expression per central laboratory |

Double expression 13 10 I - ; | 77 (46-95)

Non-double expression 24 23 04 96 (79-100)
Double expression per investigator :

Double expression 11 9 I o | 82 (48-98)

Non-double expression 26 24 I—“-.—I 92 (75-99)
C-Myc expression per central laboratory |

C-Myc expression 20 17 }—.—H 85 (62-97)

Non-c-Myc expression 17 16 _a 94 (71-100)

C-Myc expression per investigator I

C-Myc expression 18 16 |—H 89 (65-99)

Non-c-Myc expression 19 17 I_‘.—I 89 (67-99)
IPl score |
<2 6 5 I (— | 83 (36-100)

23 31 28 —e— 90 (74-98)

ECOG performance status |

0 15 14 |—+—.—| 93 (68-100)

1 22 19 —0— 86 (65-97)
Deauville five-point scale :

4 18 17 —-e 94 (73-100)

5 19 16 I — 84 (60-97)
Best response to prior therapy |

PR 19 16 I @ } | 84 (60-97)

SD/PDINE 18 17 ] 94 (73-100)
Cell of origin }

GCB 15 14 _ 93 (68-100)

ABC 5 4 } 's! ; ] 80 (28-99)

Other 4 3 I ot - | 75 (19-99)

Not tested 13 12 —a—{  92(64-100)

I T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

Objective response rate, %

Extended Data Fig. 2 | Subgroup analyses of objective response rates (N =37). Response assessments were per Lugano Classification®. Data for each
group are presented as the proportion of patients with an objective response, with a 95% Cl (Clopper-Pearson method). The dotted vertical line presents
the point estimate of overall population. ABC, activated B-cell; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; GCB, germinal center
B-cell; IPI, International Prognostic Index; NE not evaluable; PD, progressive disease; PR, partial response; SD, stable disease.
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Extended Data Table 1| Patient enroliment by country and study site (n=42)

Number of Patients
Site n (%)
United States 33(79)
City of Hope National Medical Center 1(2)
Moffitt Cancer Center 16 (38)
The University of Texas MD Anderson Cancer Center 11 (26)
Vanderbilt - Ingram Cancer Center 1(2)
Banner MD Anderson Cancer Center 4 (10)
Australia 7 (17)
Peter MacCallum Cancer Centre 7(17)
France 2(5)
Hopital Saint-Louis (AP-HP) - Service Hematologie Seniors 2(5)
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Extended Data Table 2 | Axi-cel product characteristics in all treated patients (n=40)

All Patients
Parameter, Median (Range) (N=40)
Total no. of T cells infused x 106, n 304 (165-603)
Total no. of CAR T cells infused x 106, n 165 (95-200)
Total no. of CCR7+CD45RA+ T cells” infused x10°, n 105 (33-254)
CCR7+CD45RA+ T cells™, % 35 (7-80)
Doubling time, days 1.6 (1.3-3.4)
Time from leukapheresis to delivery to study site, days 18 (14-32)

* Data are reported based on the total number of T cells infused and not the CAR* T-cell population. Axi-cel, axicabtagene ciloleucel; CAR, chimeric antigen receptor; CCR7, C-C chemokine receptor type 7.
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Extended Data Table 3 | Key efficacy results for both patients included in the primary analysis and all treated patients

Included in Primary

Efficacy Analysis All Treated

Efficacy analysis (N=37) (N=40)
Complete response, n (%) 29 (78) 32 (80)
Objective response, n (%) 33 (89) 36 (90)
Ongoing complete response at data cutoff, n (%) 25 (68) 27 (68)
Ongoing objective response at data cutoff, n (%) 27 (73) 29 (73)
Alive at data cutoff, n (%) 32 (86) 34 (85)
Duration of response rate % by Kaplan-Meier estimate
at:

6 months 89.7 90.7

9 months 85.3 86.8

12 months 80.8 78.9
Overall survival rate % by Kaplan-Meier estimate at:

6 months 97.3 97.5

9 months 973 97.5

12 months 90.6 87.9
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Extended Data Table 4 | Serious adverse events occurring in at least two treated patients (n=40)

MedDRA Any Worst Worst Worst Worst Worst

Preferred Term, n (%) Grade Gradel Grade2 Grade3d Graded4 GradeS5

Patients with any serious TEAEs 18 (45) 3(8) 1(3) 10 (25) 3(8) 1(3)
Encephalopathy 5(13) 0 (0) 0 (0) 3(8) 2(5) 0 (0)
Confusional state 4 (10) 1(3) 1(3) 2(5) 0(0) 0 (0)
Pyrexia 3(8) 3(8) 0 (0) 0 (0) 0 (0) 0 (0)
Back pain 2(5) 0(0) 1(3) 1(3) 0(0) 0(0)
Non-cardiac chest pain 2(5) 0(0) 1(3) 1(3) 0(0) 0(0)

TEAE includes all AEs with onset on or after axicabtagene ciloleucel infusion date. AEs with onset during retreatment period are excluded. Multiple incidences of the same AE in one patient are counted
once at the worst grade for that patient. Preferred terms are sorted in descending order of frequency count in any grade. AEs are coded using MedDRA v.23.1 and graded according to CTCAE v.5.0. AE,
adverse event; CTCAE, Common Terminology Criteria for Adverse Event; MedDRA, Medical Dictionary for Regulatory Activities; TEAE, treatment-emergent adverse event.
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Extended Data Table 5 | Infections occurring among all treated patients (n =40)

Any Worst Worst Worst Worst Worst

Preferred Term, n (%) Grade Gradel Grade2 Grade3 Grade4 Grade$S

Infections 13 (33) 3(8) 4 (10) 5(13) 0(0) 1(3)
Urinary tract infection 3(8) 2(5 0(0) 1(3) 0(0) 0(0)
COVID-19 2(5) 0 (0) 1(3) 0 (0) 0 (0) 1(3)
Bronchitis 13) 0 (0) 13) 0 (0) 0 (0) 0 (0)
COVID-19 pneumonia 1(3) 0 (0) 0 (0) 1(3) 0 (0) 0 (0)
Cytomegalovirus infection 1(3) 0(0) 0(0) 1(3) 0(0) 0(0)
Reactivation
Lower respiratory tract infection 1 (3) 13 0(0) 0(0) 0(0) 0(0)
Periorbital infection 1(3) 0(0) 0 (0) 1(3) 0(0) 0(0)
Sinusitis 1(3) 0(0) 1(3) 0(0) 0(0) 0(0)
Skin infection 1 (3) 0(0) 0(0) 1(3) 0(0) 0(0)
Urethritis 1(3) 0 (0) 1 (3) 0 (0) 0 (0) 0(0)
Wound infection 1(3) 0(0) 1(3) 0(0) 0(0) 0(0)

Wound infection staphylococcal 1 (3) 0(0) 1(3) 0(0) 0(0) 0(0)
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Extended Data Table 6 | Number of anti-CD19 CAR T cells in blood over time by double- or triple-hit status according to a central
laboratory

Double-/Triple- Double-/Triple- Double-/Triple- Non-double-/

hit hit with IPI hit with IPI  Triple-hit with
Parameter, Median lymphomas score >3 score <3 IPI score >3 Overall®
(Range) (N=10) =4) (N=6) (N=20) (N=40)
AUCo22s (cells/pl x days) 516.58 508.45 516.58 400.69 495.38
(151.42-1374.34) (355.17-1374.34) (151.42-1168.76) (160.06-4287.97) (74.46-4287.97)
Peak (cells/uL) 44.24 36.80 50.26 35.81 36.27
(10.40-139.19)  (19.90-130.65)  (10.40-139.19)  (12.60-560.33)  (6.79-560.33)
Time to Peak (Days) 8 (8-15) 12 (8-15) 8 (8-14) 8 (8-37) 8 (8-37)

AUC,_,, is defined as the AUC in a plot of number of CAR T cells in blood against scheduled visit from day 0-28. Peak is defined as the maximum number of CAR T cells in blood measured after infusion.
Time to peak is defined as the number of days from axicabtagene ciloleucel infusion to the date when the number of CAR T cells in blood first reached the maximum post-baseline level. Patients included
are all treated patients, including two in nondouble- or triple-hit with IPl score <3 and eight in double- or triple-hit status not done. CAR, chimeric antigen receptor; IPI, International Prognostic Index.
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For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Gilead is committed to sharing clinical trial data with external medical experts and scientific researchers in the interest of advancing public health. As such, Gilead
shares anonymized individual patient data (IPD) upon request or as required by law and/or regulation. Qualified external researchers may request IPD for studies of
Gilead compounds approved in the United States and the European Union with a marketing authorization date on or after 1 January 2014 and are publicly listed on
clinicaltrials.gov or the European Union-Clinical Trials Register (EU CTR). For studies of newly approved compounds or indication, the IPD will be available for request
six months after US Food and Drug Administration (FDA) and European Medicines Agency (EMA) approval. Such requests are at Gilead’s discretion and are
dependent on the nature of the request, the merit of the research proposed, availability of the data, and the intended use of the data. If Gilead agrees to the
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release of clinical data for research purposes, the requestor will be required to sign a data sharing agreement to ensure protection of patient confidentiality before
the release of any data. Please contact medinfo@kitepharma.com for all data requests.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences [ ] Behavioural & social sciences [ | Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Although there is no formal hypothesis testing in ZUMA-12, the trial used a single-arm design to estimate the CR rate in patients with high-risk
large B-cell lymphoma treated with axi-cel. A CR rate of 60% with axi-cel treatment was targeted. With a total sample size of 40 patients, an
observed CR rate of 60% would yield an 80% Cl for the response rate with a maximum half-width of less than or equal to 11%, corresponding
to a lower limit of at least 48.6%. This target CR rate, and the lower limit of the 80% CI for the CR rate, is meaningful because it would
represent a significant improvement in the response rate for the subjects with high-risk large B-cell lymphoma and would likely offer an
improvement over existing therapies in patients with high-risk large B-cell lymphoma, higher than the primary objective in the GELA phase 2
study of achieving a higher than 50% CR rate after 4 cycles of induction regimes of R-ACVBP or R-CHOP-14 (Casasnovas et al, 2017).

Data exclusions  No primary or secondary endpoint data were excluded from the analysis.

Replication The study protocol is sufficient to use in replicating the trial in the future, if necessary. Replication within the results in study was not
applicable due to the inclusion of human participants with disease characteristics that are not common in the population, and the descriptive
nature of the analysis in which no formal hypothesis testing was performed.

Randomization  ZUMA-12 used a single-arm trial design, thus randomization of patients is not relevant to the study.

Blinding ZUMA-12 used an open label, single-arm trial design, thus blinding is not relevant to the study.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies g |:| ChiIP-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms

Human research participants
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Clinical data

Dual use research of concern

Human research participants

Policy information about studies involving human research participants

Population characteristics The following pre-specified covariates at screening/baseline or on the study were reported in CR and ORR subgroups
analyses: age (<65, 265 years), sex, IP| score and/or double- or triple-hit status per central laboratory or per investigator,
double expression per central or per investigator, c-Myc expression per central laboratory or per investigator, ECOG status,
Deauville five-point scale of 4 or 5, best response to prior therapy, and cell of origin.

Recruitment Recruitment of patients for the study was done by the investigators at each site. Enrollment was open to eligible patients and
manufacturing slots for axi-cel were available for eligible patients at enrollment. Although recruitment biases cannot be ruled
out, it would be difficult to identify and collect the sources of bias and assess the impact on the results in this study.

Ethics oversight The protocol was approved by the institutional review board or independent ethics committee at each study site and was
provided to the key sponsor contact. These institutions are City of Hope National Medical Center, Moffitt Cancer Center, MD
Anderson Cancer Center, Banner MD Anderson Cancer Center, Vanderbilt - Ingram Cancer Center, Peter MacCallum Cancer
Center, and Hopital Saint-Louis (AP-HP) - Service Hematologic Seniors. Patients are not compensated for trial participation
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beyond receipt of therapy and associated care. Patients may be compensated for study-related illness or injury pursuant to
the information outlined in the injury section of the informed consent form.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  ClinicalTrials.gov Number NCT03761056
Study protocol The full redacted protocol as well as the SAP are included as Supplementary Information.

Data collection Study accrual occurred between February 6, 2019 and October 22, 2020. The investigator and study staff of each trial site were
responsible for maintaining a comprehensive and centralized filing system of all patient records that are readily retrieved to be
monitored and or audited at any time by the key sponsor contact, health authorities, and IRB/IECs. All data were collected in an
electronic case report form (CRF) system between study initiation on January 29, 2019 and the data cutoff date for the primary
analysis of May 17, 2021.
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Outcomes All primary and secondary outcomes were pre-defined in the approved study protocol. The primary endpoint was complete response
rate per the Lugano Classification as determined by study investigators. Secondary endpoints were objective response rate (defined
as the incidence of either a complete response or a partial response), duration of response (among patients experiencing an
objective response, defined as the time from the first objective response to events of disease progression or death from any cause),
event-free survival (defined as the time from the axi-cel infusion date to the earliest date of the events of disease progression,
commencement of subsequent new anti lymphoma therapy, including stem cell transplant, or death from any cause), progression-
free survival (defined as the time from the axi-cel infusion date to the date of the events of disease progression or death from any
cause), overall survival (defined as the time from axi-cel infusion to the date of the event of death from any cause), incidence of
adverse events, levels of anti-CD19 CAR T cells in blood, levels of cytokines in serum, and associations between biomarker levels and
clinical outcomes.

Flow Cytometry

Plots

Confirm that:
The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
X, All plots are contour plots with outliers or pseudocolor plots.

|X| A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation Transduced CD19 CAR T cells obtained on harvest day were cryopreserved and stored for later analysis (ex. flow, gPCR).
Cryopreserved CD19 CAR T cells were thawed in cell culture media (RPMI 1640 + FBS, 10% v/v), strained through a 40um
filter, and washed. Cells were then transferred to cell stain buffer for antibody staining and flow analysis.

Instrument BD FACS Canto/Canto Il 6-10 color flow cytometer, with 3 lasers: 488 nm Blue laser, 633 nm Red laser, 405 nm violet laser

Software BD FACSDivaTM v.8.0
FlowJo v. 10, Data Analysis Software for Flow Cytometry

Cell population abundance Flow analysis was performed on CD19 CART cells post manufacturing therefore samples contain mostly CD3+ T cells. Within
the CD19 CART cell samples analyzed, the abundance of T cells being interrogated by the flow panel was high.

Gating strategy T-cell phenotypes were assessed for CCR7 and CD45RA expression by multicolor flow cytometry using established protocols

and antibodies. The analysis employed a cell-gating strategy that selected viable CD3+ cells by excluding dead/apoptotic cells
using 7-AAD. Data analysis was performed using FlowJo software, version 10 (FLOWJO) using standardized gating and
compensation strategies. For further details see list of cell staining reagents below and gating strategy supplementary figure.

BD Biosciences APC-H7 —human CD8 Clone SK1, Cat# 641400
BioLegend FITC - human CD197 (CCR7) Clone GO43H7, Cat# 353216
BioLegend BV421 - human CD3 Clone SK7, Cat# 344834

BioLegend APC - human CD45RA Clone HI100, Cat# 304112
BioLegend Cell Staining Buffer, Cat# 420201

BD Biosciences 7-AAD cellular viability stain, Cat# 559925

Miltenyi Biotec FcR Blocking Reagent (human), Cat# 130-059-901

Lc0c Y21o

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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