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refractory large B-cell lymphoma (ZUMA-1): a single-arm,
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Summary

Background Axicabtagene ciloleucel is an autologous anti-CD19 chimeric antigen receptor (CAR) T-cell therapy. In the
previous analysis of the ZUMA-1 registrational study, with a median follow-up of 15-4 months (IQR 13-7-17-3),
89 (82%) of 108 assessable patients with refractory large B-cell lymphoma treated with axicabtagene ciloleucel achieved
an objective response, and complete responses were noted in 63 (58%) patients. Here we report long-term activity and
safety outcomes of the ZUMA-1 study.

Methods ZUMA-1 is a single-arm, multicentre, registrational trial at 22 sites in the USA and Israel. Eligible patients
were aged 18 years or older, and had histologically confirmed large B-cell lymphoma—including diffuse large B-cell
lymphoma, primary mediastinal B-cell lymphoma, and transformed follicular lymphoma—according to the 2008
WHO Classification of Tumors of Hematopoietic and Lymphoid Tissue; refractory disease or relapsed after autologous
stem-cell transplantation; an Eastern Cooperative Oncology Group performance status of 0 or 1; and had previously
received an anti-CD20 monoclonal antibody containing-regimen and an anthracycline-containing chemotherapy.
Participants received one dose of axicabtagene ciloleucel on day 0 at a target dose of 2x106 CAR T cells per kg of
bodyweight after conditioning chemotherapy with intravenous fludarabine (30 mg/m? body-surface area) and
cyclophosphamide (500 mg/m2 body-surface area) on days -5, —4, and -3. The primary endpoints were safety for
phase 1 and the proportion of patients achieving an objective response for phase 2, and key secondary endpoints were
overall survival, progression-free survival, and duration of response. Pre-planned activity and safety analyses were done
per protocol. ZUMA-1 is registered with ClinicalTrials.gov, number NCT02348216. Although the registrational cohorts
are closed, the trial remains open, and recruitment to extension cohorts with alternative endpoints is underway.

Findings Between May 19, 2015, and Sept 15, 2016, 119 patients were enrolled and 108 received axicabtagene ciloleucel
across phases 1 and 2. As of the cutoff date of Aug 11, 2018, 101 patients assessable for activity in phase 2 were
followed up for a median of 27-1 months (IQR 25-7-28-8), 84 (83%) had an objective response, and 59 (58%) had a
complete response. The median duration of response was 11-1 months (4-2-not estimable). The median overall
survival was not reached (12-8-not estimable), and the median progression-free survival was 5-9 months (95% CI
3-3-15-0). 52 (48%) of 108 patients assessable for safety in phases 1 and 2 had grade 3 or worse serious adverse
events. Grade 3 or worse cytokine release syndrome occurred in 12 (11%) patients, and grade 3 or worse neurological
events in 35 (32%). Since the previous analysis at 1 year, additional serious adverse events were reported in four patients
(grade 3 mental status changes, grade 4 myelodysplastic syndrome, grade 3 lung infection, and two episodes of grade
3 bacteraemia), none of which were judged to be treatment related. Two treatment-related deaths (due to
haemophagocytic lymphohistiocytosis and cardiac arrest) were previously reported, but no new treatment-related
deaths occurred during the additional follow-up.

Interpretation These 2-year follow-up data from ZUMA-1 suggest that axicabtagene ciloleucel can induce durable
responses and a median overall survival of greater than 2 years, and has a manageable long-term safety profile in
patients with relapsed or refractory large B-cell lymphoma.
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Introduction in which outcomes were assessed in patients with

The prognosis of patients with large B-cell lymphoma refractory large B-cell lymphoma, which was defined as
refractory to first-line or second-line therapy is poor! progressive or stable disease as best response to first-line
SCHOLAR-1 was an international, retrospective study’ or second-line chemotherapy, or relapse less than
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Research in context

Evidence before this study

We searched PubMed with the terms “CD19 chimeric antigen
receptor” AND “lymphoma” AND (“clinical trial” OR “long term
remission”) NOT “review” for clinical trials done in humans
published in English up to Oct 1, 2018. Evidence of long-term
durable responses after anti-CD19 chimeric antigen receptor
(CAR) T-cell therapy for high-grade B-cell ymphomas was scarce.
We identified 11 citations that included response data for
patients with diffuse large B-cell lymphoma, primary mediastinal
B-cell lymphoma, or transformed follicular lymphoma who were
assessed for outcomes after treatment with anti-CD19 CAR T-cell
therapy. Of these 11 citations, two included outcomes for
anti-CD19 CAR T-cell therapy in conjunction with autologous
stem-cell transplantation as a consolidation rather than as
primary therapy for refractory diffuse large B-cell lymphoma,
two included outcomes after treatment of B-cell malignancies
with allogeneic donor-derived anti-CD19 CART cells after relapse
post allogeneic stem-cell transplantation, and three were
previous reports of the JULIET, TRANSCEND and ZUMA-1 trials
assessing anti-CD19 CART cells as a salvage treatment for
refractory patients with large B-cell ymphoma. The remaining
four citations were small phase 1 studies or case series.

Added value of this study
There is an unmet need for therapies that can increase the
proportion of patients with refractory large B-cell ymphoma

12 months after high-dose therapy with haemopoietic
stem-cell transplantation. In this population, an
estimated 26% (95% CI 21-31) of 523 patients had an
objective response to standard-of-care therapy, and 7%
(3-15) had a complete response; and median overall
survival was 6-3 months (95% CI 5-9-7-0).

Chimeric antigen receptor (CAR) T-cell therapies
targeting CD19 are a promising approach for the
management of refractory large B-cell lymphoma.**
Axicabtagene ciloleucel is an autologous anti-CD19 CAR
T-cell therapy generated by introducing the CAR construct
into primary T cells with a replication-incompetent retro-
viral vector.”® The CAR extracellular domain has a single-
chain variable fragment targeting CD19, CD28 hinge
and transmembrane domains, and intracellular signal-
ling domains that consist of CD3CT and CD28 for
T-cell activation and costimulation, respectively’ In the
single-arm, multicentre, phase 1-2 ZUMA-1 study” of
axicabtagene ciloleucel, at a median follow-up of
15-4 months (IQR 13-7-17-3), 89 (82%) of 108 assessable
patients with refractory large B-cell lymphoma had an
objective response, 63 (58%) had a complete response, and
45 (42%) were in remission.” These results led to approval
of axicabtagene ciloleucel in the USA and EU for treatment
of patients with relapsed or refractory large B-cell
lymphomas—including diffuse large B-cell lymphoma,
primary mediastinal B-cell lymphoma, high-grade B-cell

who can achieve long-term responses. Our results show durable
remissions, with ongoing responses in 39 (39%) of 101 patients
who received axicabtagene ciloleucel. No late serious adverse
events were attributed to axicabtagene ciloleucel. To our
knowledge, ours is the first long-term analysis with more than

2 years of follow-up of a multicentre trial of anti-CD19 CAR
T-cell therapy in patients with refractory large B-cell lymphoma.
Axicabtagene ciloleucel can offer durable remissions to patients
who otherwise lack treatment options.

Implications of all the available evidence

Our results showing durable responses lasting more than

2 years, combined with the available literature on long-term
outcomes with conventional therapies in patients with diffuse
large B-cell ymphoma, suggest that axicabtagene ciloleucel
could potentially offer long-term responses for a substantial
proportion of patients with refractory large B-cell lymphoma
who otherwise are at high risk of disease progression with
conventional chemotherapy. Axicabtagene ciloleucel had a
manageable long-term safety profile, and late serious adverse
events were rare. Other investigational and approved CD19
CART-cell therapies are available to patients and have shown
similar anticancer activity, although with less follow-up.
Additional follow-up and further studies are needed to fully
characterise the differences in efficacy and safety between
CART-cell therapies.

lymphoma, and transformed follicular lymphoma—as a
third-line and higher therapy."” Another anti-CD19 CAR
T-cell therapy, tisagenlecleucel, was approved for relapsed
or refractory diffuse large B-cell lymphoma as a third-line
and higher therapy shortly thereafter.® There is great
clinical interest in the long-term safety of, and durability of
responses to, these treatments. In single-centre trials®*
with small study populations, durable responses as long as
56 months have been reported with CD28 costimulatory
CD19 CAR constructs, and as long as 37-9 months with
CD137 (41BB) costimulatory CD19 CAR constructs, with
minimal late toxicities in patients with large B-cell
lymphoma. Additionally, other multicentre trials of anti-
CD19 CAR- T cell therapy in adult relapsed or refractory
large B-cell lymphoma are ongoing.

The general structure of the three CD19 CAR T-cell
therapies—axicabatgene ciloleucel, tisagenlecleucel, and
lisocabtagene maraleucel—is similar in that all use the
same single-chain variable fragment (FMC63) and use
CD3 for intracellular signalling. However, they use
different combinations of transmembrane and costimu-
latory domains. Axicabatagene ciloleucel uses CD28 for
transmembrane and activation domains, tisagenlecleucel
uses CD8 for the transmembrane domain and 4-1BB
for costimulation, and lisocabtagene maraleucel uses
a CD28 transmembrane domain and 4-1BB for
costimulation.
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In JULIET, the phase 2 trial of tisagenlecleucel,
48 (52%) of 93 treated patients with assessable activity
achieved an objective response at a median follow-up of
14 months.’ Grade 3 or worse cytokine release syndrome
occurred in 22% of 111 patients and neurological events
were reported in 12%.° In an interim analysis of
TRANSCEND, the phase 1-2 trial of lisocabtagene
maraleucel, with a median follow-up of 8 months, 80% of
73 patients with either diffuse large B-cell lymphoma not
otherwise specified or high-grade B-cell lymphoma, the
population selected for the registrational cohort, achieved
an objective response. One (1%) of 73 patients had grade
3 or worse cytokine release syndrome and 11 (15%) had
neurological events.*

Here, we report 2-year safety and activity results from
ZUMA:-1, and present data on persistence of CAR T cells
and recovery of B cells in patients with refractory large
B-cell lymphoma and an ongoing response to axicabtagene
ciloleucel.

Methods

Study design and participants

ZUMA:-1 is a, single-arm, multicentre, registrational,
phase 1-2 study*” at 22 medical cancer centres in the
USA and Israel (appendix p 2). Eligible patients were
aged 18 years or older, and had refractory large B-cell
lymphoma—including diffuse large B-cell lymphoma,
primary mediastinal B-cell lymphoma, and transformed
follicular lymphoma—according to the 2008 WHO
Classification of Tumours of Haematopoietic and
Lymphoid Tissue that was histologically confirmed
retrospectively by independent pathology review;® an
Eastern Cooperative Oncology Group performance status
of 0 or 1, an absolute neutrophil count of at least
1000 per pL; a platelet count of at least 75000 per pL; and
adequate organ function.”® Refractory disease was
defined as progressive or stable disease as best response
to the most recent chemotherapy regimen, or disease
progression or relapse within 12 months of autologous
stem-cell transplantation. Patients also needed to have
previously received a regimen containing an anti-CD20
monoclonal antibody and an anthracycline-containing
chemotherapy regimen. Patients with transformed
diffuse large B-cell lymphoma must have received
previous chemotherapy for follicular lymphoma and
developed chemorefractory disease after transformation.
Patients who had undergone autologous stem-cell
transplantation within 6 weeks of informed consent for
ZUMA:-1, or those who had previously undergone
allogeneic haemopoietic stem-cell transplantation, or
received previous CD19-targeted therapy or CAR T-cell
therapy were excluded.*® The full eligibility criteria are
listed in the protocol (appendix).

Each study site’s institutional review board reviewed
and approved the study protocol and amendments,
and all patients provided written informed consent.
The study was done according to the International
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Conference on Harmonisation Good Clinical Practice
guidelines. An independent data safety monitoring
board reviewed safety and activity data during the
phase 2 registrational portion of the study when 20 and
50 patients in the diffuse large cell B-cell lymphoma
cohort had the opportunity to complete the 3-month
disease assessment.

Procedures

Eligible patients underwent leukapheresis to obtain
peripheral blood mononuclear cells for CAR T-cell
production. After manufacture of the T cells, patients
received conditioning chemotherapy consisting of intra-
venous fludarabine (30 mg/m2body-surface area per day)
and cyclophosphamide (500 mg/m?2 body-surface area
per day) on days -5, —4, and -3, before receiving a single
intravenous infusion of axicabtagene ciloleucel on day 0
at a target dose of 2x106 CAR T cells per kg of body-
weight.* As per protocol, bridging chemotherapy was
not permitted between leukapheresis and conditioning
chemotherapy. Patients could be removed from the study
if they withdrew consent for further follow-up, were lost
to follow-up, or died.

Laboratory monitoring was done within approximately
5 days of enrolment, on days -5, —4, and -3, day O (ie, the
day of axicabtagene ciloleucel infusion), within the first
7 days of infusion, at week 2, month 1, month 2, month 3,
and then every 3 months until month 24. Response was
assessed locally by PET according to the International
Working Group Response Criteria for Malignant
Lymphoma®* at month 1, every three 3 months from
month 3 to month 24, and as clinically indicated or per
the institution’s standard-of-care after 2 years. For
phase 2, disease response was also assessed by an
independent central review committee.

All observed adverse events were monitored contin-
uously from enrolment until month 3 after treatment
with axicabtagene ciloleucel infusion. After 3 months,
only targeted adverse events and serious adverse events
in the categories of neurological events, haematological
events, infections, autoimmune disorders, and secondary
malignancies were reported until 24 months or disease
progression. Prolonged cytopenias are an emerging
class-effect of CAR T cells,” and therefore we assessed
the frequency of grade 3 or worse cytopenias at month 3
or later. Cytokine release syndrome was graded with the
modified criteria of Lee and colleagues.” Individual
symptoms of cytokine release syndrome, all other
adverse events, and baseline laboratory values were
graded according to the National Cancer Institute’s
Common Terminology Criteria for Adverse Events
(version 4.03).”

CAR T-cell concentrations in the blood were assessed
by PCR analysis enumerating CAR gene-marked cells,
as previously described.* Additionally, post-hoc analyses
of responses were done by cell of origin and in patients
with double-expressor or high-grade B-cell lymphoma,

See Online for appendix
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Phase1(n=7) Phase2 (n=101)

Age, years

Median (IQR) 59 (34-69) 58 (51-64)
=65 3(43%) 24 (24%)
Sex

Female 2(29%) 33(33%)
Male 5(71%) 68 (67%)
ECOG performance status

0 4 (57%) 42 (42%)
1 3(43%) 59 (58%)
Disease stage

lorll 3(43%) 15 (15%)
Mor IV 4(57%) 86 (85%)
International Prognostic Index score

0-2 5 (71%) 55 (54%)
3-4 2(29%) 46 (46%)
Neutropenia*®

Any grade 2 (29%) 16 (16%)
Grade =3 1(14%) 3(3%)
Thrombocytopenia*

Any grade 3(43%) 34 (34%)
Grade 23 0 4 (4%)
Anaemia*

Any grade 5 (71%) 95 (94%)
Grade =3 1(14%) 2 (2%)
Previous therapies

Median (IQR) 333-4) 3(2-4)
1 0 3(3%)
2 1(14%) 28 (28%)
>3 6 (86%) 70 (69%)
History of primary refractory 1(14%) 26 (26%)
diseaset

History of resistance to two 1(14%) 54 (53%)
consecutive lines

Refractory subgroup

Primary refractory 0 3(3%)
Refractory to second-line or later 3(43%) 77 (76%)
therapy

Best response as progressive 3(43%) 67 (66%)
disease to last previous therapy

Relapse after autologous stem-cell 4 (57%) 21(21%)

transplantation

Data are n (%), unless otherwise indicated. *Baseline neutropenia,
thrombocytopenia, and anaemia were assessed according to laboratory values
for decreased neutrophils, decreased platelets, and decreased haemoglobin,
respectively, before conditioning chemotherapy according to the National
Cancer Institute’s Common Terminology Criteria for Adverse Events (version
4.03).” tPatients could have had other therapies after primary refractory disease.

Table 1: Baseline characteristics

progression-free survival by response status at month 3,
and B-cell recovery in patients with ongoing responses
(appendix p 3).

Investigator-assessed  IRC-assessed

(n=101) (n=101)
Objective response* 84 (83%) 75 (74%)
Complete responset 59 (58%) 55 (54%)
Partial response 25 (25%) 20 (20%)
Ongoing responses 39 (39%) 36 (36%)
Complete response 37 (37%) 35(35%)
Partial response 2 (2%) 1(1%)
Median duration of 11-1 (4-2-NE) NR (10-9-NE)
response, months
(95% CI)
Median duration of NR (12-9-NE) NR (NE-NE)
complete response,
months (95% Cl)
Median overall survival, NR (12-8-NE) NR (12-8-NE)

months (95% Cl)

Data are n (%), unless otherwise indicated. All 101 patients who received
axicabtagene ciloleucel in phase 2 of ZUMA-1 are shown. IRC=independent
central review committee. NE=not estimable. NR=not reached. *Concordance
between investigators and the IRC for objective response was 81% (k 0-45

[95% Cl 0-24-0-65]). tConcordance between investigators and IRC for complete
response was 90% (k 0-80 [95% Cl 0-68-0-92]). £Three patients with ongoing
response per investigator review were not ongoing responders per central
review. Two of these patients underwent stem-cell transplantation before
documented progression, which was considered a censor event per IRC but
not per investigator assessment. The third patient was deemed to have
progressive disease per IRC after 10-9 months but was assessed to be in
ongoing response at 23-4 months per investigator assessment.

Table 2: Investigator d and IRC

participants

d response in phase 2

Outcomes
The primary endpoint of phase 1 was the incidence of
dose-limiting toxicities, as previously reported.’ The
primary endpoint of phase 2 was the proportion of
patients achieving an objective response (ie, the
combined proportion of participants who had a complete
or partial response) as per investigators’ assessment.
Secondary endpoints were overall response by
independent-review committee assessment, duration of
response (defined as the time from the first objective
response to disease progression or death from any
cause), progression-free survival (defined as the time
from infusion to the date of disease progression or death
from any cause), overall survival (defined as the time
from infusion to the date of death from any cause),
incidence of adverse events, and concentrations of anti-
CD19 CAR T cells in blood, anti-axicabtagene ciloleucel
antibodies, and concentrations of cytokines in serum.
Concentrations of anti-axicabtagene ciloleucel antibodies
in blood and cytokines in serum have been previously
reported.”

Statistical analysis

The previously reported primary analysis (cutoff
Jan 27, 2017)° was done when 92 patients could be
assessed for response, 6 months after the axicabtagene
ciloleucel infusion, to differentiate between an active
therapy with a 40% true response rate and a therapy with

www.thelancet.com/oncology Vol 20 January 2019
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Figure 1: Kaplan-Meier estimates of investigator-assessed duration of response (A), progression-free survival (B), and overall survival (C)
All 101 patients assessable for activity in phase 2 are shown. The x-axis shows time since infusion of chimeric antigen receptor T cells. NE=not estimable.

a response rate of 20% or less, with a power of at least
90% and a one-sided o of 0-025.

The data cutoff date for the current analyses was
Aug 11, 2018. As per protocol, inferential testing was
done only for the primary endpoint assessing activity in
patients enrolled in phase 2 who received axicabtagene
ciloleucel. Incidence of adverse events in all treated

www.thelancet.com/oncology Vol 20 January 2019

patients and changes in laboratory values were tabulated
and summarised with descriptive statistics.

Activity analyses excluded patients from phase 1, in
whom activity was not assessed by the Independent
Central Review Committee. The safety analysis included
all patients who received axicabtagene ciloleucel in both
phases 1and 2.

35



Articles

36

100+

80+

60—

40 Median progression-free

survival, months (95% Cl)

204 — Complete response  NR (NE-NE)
—— Partial response NR (4-4-NE)
—— Stable disease 7-3 (3-4-NE)
0 T T T T

Progression-free survival (%)

L

012 3 456 7 8 9101 1213
Number at risk
(number censored)

Completeresponse 43 43 43 43 43 41 38 36 36 35 34 34 34 32

(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (O

Partialresponse 8 8 8 8 8 7 6 6 6 6 6 6 6 6

(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)

Stabledisease 9 9 9 9 9 7 7 5 5 4 4 4 4 4

(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Time (months)

30 28 28 28 28 28 28 28 28 28 17 3 3 3 3 3 2 O -
1 3B B 6B 6B B B B (3)(14)(28)(28)(28)(28)(28) (9) 31) -
6 6 6 6 6 6 6 6 6 4 2 0 -~ « - . ...
(0) (0) (0) (0) (0) (0) (0) (0) (0) (2) (4) (6) -~

4 4 3 3 3 2 2 2 2 2 2 0

(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (2)

Figure 2: Post-hoc analysis of investigator-assessed progression-free survival by response status at 3 months after axicabtagene ciloleucel
60 patients with ongoing complete response, partial response, or stable disease month 3 in phase 2 are shown. The x-axis shows time since infusion of chimeric
antigen receptor T cells. Four of eight patients with partial responses and four of nine patients with stable disease at 3 months subsequently converted to complete

responses. NR=not reached. NE=not estimable.

The proportion of patients with objective responses
was summarised with descriptive statistics. Time-to-
event analyses of duration of response, progression-free
survival, and overall survival were assessed with the
Kaplan-Meier method, and 95% ClIs for responses were
calculated with the Clopper-Pearson method.

For survival analyses, patients who had not died were
censored at the last date known alive. For progression-
free survival and duration of response, patients who had
not died or experienced disease progression were
censored at their last evaluable disease assessment or
date of stem-cell transplantation. Concordance between
activity assessments by investigators and the independent
central review committee review was measured as the
proportion of patients for whom central assessment of
objective or complete response matched investigator
assessments.

All statistical analyses were done in SAS (version 9.4).
This trial is registered with ClinicalTrials.gov, number
NCT02348216.

Role of the funding source

The study funder participated in the study design; data
collection, analysis, and interpretation; and writing of the
report. All authors had full access to all study data and
the corresponding author had final responsibility for the
decision to submit for publication.

Results

Between May 19, 2015, and Sept 15, 2016, 119 patients were
enrolled and 108 received axicabtagene ciloleucel (seven in
phase 1 and 101 in phase 2; appendix p 17). Patient
characteristics are listed in table 1. 52 (70%) of 74 patients
assessed for cell of origin had germinal centre B-cell-like
disease and 18 (24%) had activated B-cell-like disease. Of

the 47 patients with pretreatment tumour samples,
30 (64%) had double expressor B-cell lymphoma and
seven (15%) had high-grade B-cell lymphoma, including
one (2%) with triple-hit high-grade B-cell lymphoma,
four (9%) with double-hit high-grade B-cell lymphoma,
and two (4%) with high-grade B-cell lymphoma not
otherwise specified (appendix p 5).

As of Aug 11, 2018, 101 patients assessable for activity
in phase 2 were followed up for a median of 27-1 months
(IQR 25-7-28-8). According to investigator assessment,
84 (83%) of 101 patients had an objective response to
axicabtagene ciloleucel—59 (58%) complete responses
and 25 (25%) partial responses (table 2; appendix p 6).
Ten (10%) patients had stable disease, five (5%) had
progressive disease as best response, and two (2%)
could not be assessed. Concordance between investi-
gator assessments and Independent Central Review
Committee assessments was 81% for objective response
and 90% for complete response (table 2). Median time to
response was 1 month (IQR 1-1).” 11 of 33 patients with
partial responses at 1 month, and 11 of 24 patients with
stable disease at 1 month, subsequently achieved a
complete response, with most conversions occurring by
6 months (appendix p 18). Among the 33 patients with
double-expressor and high-grade B-cell lymphoma,
30 (91%) achieved an objective response and 23 (70%)
achieved a complete response by investigator assessment
(appendix p 7). The median duration of response for all
101 patients was 11-1 months (95% CI 4- 2—not estimable)
by investigator assessment (figure 1A; table 2) and was
not reached by independent central review committee
review (appendix p 19). The median duration of response
for participants with complete responses was not
reached (95% CI 12-9-not estimable). 39 (39%) patients
had ongoing responses and were censored at the last
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disease assessment before the data cutoff, including
37 (37%) with ongoing complete responses (table 2).
Only two (5%) of the 39 patients with ongoing
responses underwent allogeneic stem-cell transplan-
tation, and none underwent autologous stem-cell
transplantation while in axicabtagene-ciloleucel-induced
remission. Ongoing responses were consistent across
key baseline and clinical covariates (appendix p 20).

By investigator assessment, 61 of 101 patients had
disease progression or died on study. Median progression-
free survival was 5-9 months (95% CI 3-3-15-0;
figure 1B). In post-hoc analyses, the estimated proportion
of patients with progression-free survival at 24 months
was 72-0% (95% CI 56-0-83-0) among those with
complete responses at 3 months, 75-0% (31-5-93-1)
among those with partial responses at 3 months, and
22-2% (3-4-51-3) among those with stable disease at
3 months (figure 2). The median overall survival was not
reached (95% CI 12-8-not estimable; figure 1C), with an
estimated 24-month survival proportion of 50-5%
(95% CI 40-2-59-7). No patients were lost to follow-up.

Consistent with previously reported results for
objective response,” ongoing response at 24 months was
associated with higher CAR T-cell peak concentrations
and area under the curve in the first 28 days after
axicabtagene ciloleucel infusion (figure 3). By 24 months,
11 (34%) of 32 assessable patients maintained ongoing
responses but no longer had detectable gene-marked
CARTT cells (appendix p 21).

The safety profile of axicabtagene ciloleucel 2 years
after infusion was largely similar to that in previous
reports.*” All 108 treated patients had adverse events,
and 106 (98%) had grade 3 or worse adverse events
(table 3; appendix pp 8-14). 52 (48%) of 108 patients had
grade 3 or worse serious adverse events (appendix p 8).
Grade 3 or worse cytokine release syndrome occurred in
12 (11%) patients and grade 3 or worse neurological
events occurred in 35 (32%); all these events were
manageable and largely reversible (appendix p 8). Since
the 12-month analysis (data cutoff Aug 11, 2017), no new
cases of cytokine release syndrome or neurological
events related to axicabtagene ciloleucel were reported.

Figure 3: Post-hoc analysis of CAR T-cell and B-cell concentrations

CART cell exposure by peak concentrations of CART cells in peripheral blood
(A) or area under the curve (B) and proportion of patients with responses at

24 months with detectable B cells (C). For (A) and (B), the horizontal line within
each box represents the median, the lower and upper borders of each box
represent the IQR, and the bars show the range. CAR area under the curve is
defined as cumulative concentrations of CAR gene-marked cells per pL of blood
during the first 28 days after axicabtagene ciloleucel therapy. For (A) and (B),
these analyses include all 101 phase 2 patients assessable for activity with the
exception of two patients who received subsequent anticancer therapy while in
response to axicabtagene ciloleucel, two patients who died before disease
progression, and two patients for whom CAR T-cell data were not available. For
(), this analysis includes patients in ongoing response with assessable samples
and excludes two patients who received subsequent anticancer therapy while in
response to axicabtagene ciloleucel. CAR=chimeric antigen receptor.

N/A=not applicable.
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Any Worstgradel  Worstgrade2 Worstgrade3  Worstgrade4 Worstgrade5
Any 108 (100%) 0 2(2%) 28 (26%) 69 (64%) 9 (8%)*
Pyrexia 94 (87%) 17 (16%) 62 (57%) 15 (14%) 0 0
Anaemia 73 (68%) 4 (4%) 20 (19%) 46 (43%) 3(3%) 0
Hypotension 63 (58%) 19 (18%) 29 (27%) 14 (13%) 1(1%) 0
Nausea 63 (58%) 42 (39%) 21 (19%) 0 0 0
Fatigue 57 (53%) 32 (30%) 22 (20%) 3(3%) 0 0
Decreased appetite 55 (51%) 37 (34%) 16 (15%) 2 (2%) 0 0
Headache 50 (46%) 40 (37%) 9 (8%) 1(1%) 0 0
Diarrhoea 48 (44%) 33 (31%) 10 (9%) 5 (5%) 0 0
Neutropenia 48 (44%) 1(1%) 5(5%) 10 (9%) 32 (30%) 0
Hypoalbuminaemia 43 (40%) 17 (16%) 25 (23%) 1(1%) 0 0
Hypocalcaemia 43 (40%) 20 (19%) 16 (15%) 7 (6%) 0 0
Tachycardia 43 (40%) 38 (35%) 3 (3%) 2 (2%) 0 0
Chills 40 (37%) 33 (31%) 7 (6%) 0 0 0
Encephalopathy 40 (37%) 11 (10%) 4 (4%) 23 (21%) 2 (2%) 0
Febrile neutropenia 39 (36%) 0 4 (4%) 33 (31%) 2 (2%) 0
Hyponatraemia 38 (35%) 25 (23%) 1(1%) 12 (11%) 0 0
Thrombocytopenia 38 (35%) 6 (6%) 6 (6%) 11 (10%) 15 (14%) 0
Vomiting 37 (34%) 30 (28%) 6 (6%) 1(1%) 0 0
Hypokalaemia 36 (33%) 26 (24%) 7 (6%) 3(3%) 0 0
Decreased neutrophil count 36 (33%) 0 1(1%) 7 (6%) 28 (26%) 0
Hypoxia 34 (31%) 1(1%) 21(19%) 11 (10%) 1(1%) 0
Tremor 33 (31%) 27 (25%) 4 (4%) 2 (2%) 0 0
Decreased white blood cell count 33 (31%) 1(1%) 1(1%) 3(3%) 28 (26%) 0
Constipation 32 (30%) 24 (22%) 8 (7%) 0 0 0
Decreased platelet count 32 (30%) 9 (8%) 6 (6%) 8 (7%) 9 (8%) 0
Cough 31(29%) 25 (23%) 6 (6%) 0 0 0
Hypophosphataemia 31(29%) 6 (6%) 5 (5%) 18 (17%) 2 (2%) 0
Confused state 29 (27%) 8 (7%) 11 (10%) 10 (9%) 0 0
Dizziness 23 (21%) 21.(19%) 2(2%) 0 0 0
Dyspnoea 23 (21%) 16 (15%) 5 (5%) 2 (2%) 0 0
Increased alanine aminotransferase 22 (20%) 11 (10%) 5 (5%) 5(5%) 1(1%) 0
Decreased lymphocyte count 22 (20%) 0 0 2 (2%) 20 (19%) (0]
Peripheral oedema 21(19%) 15 (14%) 6 (6%) 0 0 0
Sinus tachycardia 21(19%) 16 (15%) 5 (5%) 0 0 (0]
Hyperglycaemia 20 (19%) 5(5%) 10 (9%) 5(5%) 0 0
Hypomagnesaemia 20 (19%) 19 (18%) 1(1%) 0 0 0
Leucopenia 20 (19%) 0 2 (2%) 5(5%) 13 (12%) 0
Aphasia 19 (18%) 5(5%) 6 (6%) 8 (7%) 0 0
Increased aspartate aminotransferase 19 (18%) 10 (9%) 2 (2%) 7 (6%) 0 0
Somnolence 18 (17%) 3 (3%) 6 (6%) 8 (7%) 1(1%) 0
Hypertension 17 (16%) 2 (2%) 7 (6%) 8 (7%) 0 0
Muscular weakness 17 (16%) 9 (8%) 7 (6%) 1(1%) 0 0
Pleural effusion 17 (16%) 9 (8%) 6 (6%) 2 (2%) 0 0
Weight loss 17 (16%) 7 (6%) 10 (9%) 0 0 0
Data are n (%). All 108 patients who received treatment are shown. Adverse events occurring in at least 16% of patients are shown. A full table of adverse events is in the
appendix (pp 9-14). *Includes 5 patients for whom disease progression was coded as an adverse event.
Table 3: Treatment-emergent adverse events
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30 (28%) patients experienced grade 3 or worse
infections during the study. Since the 12-month analysis,
four patients developed new, serious adverse events,
none of which were related to axicabtagene ciloleucel
(appendix p 15). One patient had grade 3 mental status
changes at 15-6 months, which were attributed to
vasovagal episode in the context of hypovolaemia and
resolved within 6 days. One patient developed a grade 3
lung infection at month 19-3, which resolved within
36 days. Another had two episodes of grade 3 bacteraemia
(at 15-5 months and 20-7 months), both of which
resolved within 6 days. The fourth patient developed
grade 4 myelodysplastic syndrome at 18-9 months, which
was attributed to previous chemotherapy that was
ongoing at data cutoff.

18 (17%) of 108 patients had grade 3 or worse cytopenias
at 3 months or later, including 12 (11%) with neutropenia,
eight (7%) with thrombocytopenia, and three (3%) with
anaemia. At the time of analysis, two patients had grade 3
cytopenias (one anaemia, one neutropenia; appendix p 16).
3 months after axicabtagene ciloleucel infusion, six (17%)
of the 35 assessable patients with ongoing responses had
detectable B cells in peripheral blood. At 9 months,
20 (61%) of 33 assessable patients had detectable B cells,
and, at 24 months, 24 (75%) of 32 assessable patients had
detectable B cells (figure 3). As previously reported,
nine (8%) of 108 patients received intravenous immuno-
globulin therapy between axicabtagene ciloleucel infusion
and the day of hospital discharge for first hospitalisation.”
Cumulatively, 33 (31%) of 108 patients received intra-
venous immunoglobulin therapy, per treating physicians’
discretion, including 17 (44%) of the 39 patients with
ongoing responses.

54 (50%) of 108 patients who received treatment have
died since study initiation (four patients in phase 1 and
50 in phase 2). 50 patients have died from progressive
disease. Six of these deaths occurred after the 12-month
analysis. No new axicabtagene ciloleucel-related deaths
occurred since the 12-month analysis, but, as previously
reported, four adverse-event-related deaths occurred
during phases 1 and 2 of the study, two of which were
related to axicabtagene ciloleucel (appendix p 17).** We
noted no cases of replication-competent retroviruses or
axicabtagene-ciloleucel-related secondary cancers as of
this data cutoff.

Discussion

To our knowledge, this long-term analysis of ZUMA-1
represents the longest follow-up of a large, registrational
study of anti-CD19 CAR T-cell therapy. A substantial
proportion of patients with refractory large B-cell
lymphoma treated with a single infusion of axicabtagene
ciloleucel achieved durable responses lasting more than
2 years and needed no further consolidation therapy.
Additionally, in this population of patients refractory
to several lines of treatment, which included a large
proportion of patents with activated B-cell-like, double
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expressor, and high-grade B-cell lymphoma, outcomes
were similar across all patient subgroups. Median overall
survival was not yet reached at 2 years, with an estimated
24-month survival proportion of 50-5% (95% CI
40-2-59-7). This finding represents a major improvement
in clinical outcomes for these patients, for whom the
expected median overall survival with conventional
therapies is approximately 6 months, with a 2-year overall
survival of approximately 20%.! These estimates build on
two single-centre trials®* of anti-CD19 CAR T cells that
previously showed durable remissions without substantial
late toxicities in a total of ten patients with diffuse large
B-cell lymphoma.

Axicabtagene ciloleucel had a manageable 2-year safety
profile, and late-onset serious adverse events were
uncommon. Importantly, despite targeting of CD19 and
the expected induction of B-cell aplasia, the frequency of
late-onset grade 3 or worse serious infections was low. In
fact, 75% of assessable patients with ongoing responses
showed evidence of B-cell recovery by 24 months, and
initiation of B-cell recovery was noted in some patients at
9 months. That these patients with ongoing responses
recovered B cells suggests the possibility that durable
responses in adults with lymphoma do not require long-
term persistence of functional CAR T cells. These results
accord with National Cancer Institute data showing that
three of four patients with long-term ongoing responses
had B-cell recovery.* Additional exploration of the
importance of tumour-reactive CAR T-cell persistence and
its association with B-cell recovery is warranted.

Less than 20% of patients had grade 3 or worse
cytopenias 3 months after treatment. The pathophysiology
underlying prolonged cytopenias is unclear. However,
they do not seem to place patients at a major risk of late-
onset complications. Importantly, none of these patients
had clinical sequelae such as major bleeding or needed
allogeneic stem-cell transplantation to correct cytopenias.
Similar sustained cytopenias have been noted with other
anti-CD19 CAR T-cell therapies,®”** suggesting a
possible class effect.

The results of this updated analysis show continuity of
the progression-free survival data at 6 months.” With
ten additional relapses occurring after 6 months,
axicabtagene ciloleucel might offer long-term benefits for
a substantial proportion of patients with refractory large
B-cell lymphoma.* Additionally, analysis of progression-
free survival by response at 3 months suggests that
achievement of complete or partial responses at 3 months
might be predictive of long-term response durability.
Results from large retrospective studies of lymphoma
survivorship databases suggest that sustained responses
24 months after chemoimmunotherapy were associated
with improved overall survival at 5 years in patients with
diffuse large B-cell lymphoma who previously received
first-line treatment or after autologous stem-cell trans-
plantation for relapsed or refractory disease.”* Myers
and colleagues” reported that, among patients with
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diffuse large B-cell lymphoma who were progression free
24 months after autologous stem-cell transplantation,
5-year overall survival was 89% (95% CI 87-91).

Although allogeneic stem-cell transplantation could
offer a potential chance of improved long-term overall
survival in patients with relapsed or refractory diffuse
large B-cell lymphoma, less than a fifth of patients who
relapse after autologous stem-cell transplantation are
able to undergo allogeneic stem-cell transplantation.”
In the randomised, phase 3 CORAL study comparing
induction therapy versus rituximab, ifosfamide, carbo-
platin, and etoposide (R-ICE) with rituximab, dexa-
methasone, cytarabine, and cisplatin (R-DHAP) before
autologous stem-cell transplantation in relapsed or
refractory diffuse large B-cell lymphoma, only 21 (5%) of
the 458 enrolled patients underwent allogeneic stem-cell
transplantation.®” A major difference between allogeneic
stem-cell transplantation and axicabtagene ciloleucel
is that allogeneic stem-cell transplantation is typically
used as consolidation therapy for relapsed or refractory
diffuse large B-cell lymphoma only after response to
salvage chemotherapy. In a large series of patients
receiving allogeneic stem-cell transplantation after relapse
following autologous stem-cell transplantation, those
with chemorefractory disease before allogeneic stem-cell
transplantation had a 2-year progression-free survival of
approximately 20% compared with approximately 40% for
those who had chemosensitive disease.*® Furthermore,
many patients with refractory disease are not candidates
for allogeneic stem-cell transplantation because of poor
response to salvage therapy, the absence of a donor, older
age, or comorbidities. Patients who are candidates for the
procedure often experience kinetic failure before the onset
of graft-versus-lymphoma effects.

By contrast, no upper age limit has yet been defined for
treatment with axicabtagene ciloleucel and other CAR
T-cell therapies. In ZUMA-1, 25% of patients were aged
65 years or older, and activity did not seem to have been
affected by age. Additionally, many patients enrolled in
ZUMA-1 were not eligible for allogeneic stem-cell
transplantation because they did not respond to their last
previous therapy. Furthermore, since axicabtagene
ciloleucel approval, many patients who would not have
met the strict eligibility criteria for ZUMA-1, but who
were otherwise eligible according to the label, have
received axicabtagene ciloleucel therapy as standard of
care. Indeed, in a large retrospective study” of more than
150 patients treated with axicabtagene ciloleucel at
centres across the USA, short-term safety and activity
were similar to those in ZUMA-1 despite nearly half the
patients not meeting ZUMA-1 eligibility criteria in terms
of performance status, cytopenias, comorbidities, or
organ dysfunction, among others. Collectively, these
results suggest that axicabtagene ciloleucel CAR T-cell
therapy is a feasible treatment option for most patients
with relapsed or refractory large B-cell lymphoma.
Additionally, the potential benefits of CAR T-cell therapy

earlier in the lymphoma disease course are being
investigated in ZUMA-7, a randomised, international,
phase 3 study of the activity and safety of axicabtagene
ciloleucel versus standard-of-care second-line treatment
for patients with relapsed or refractory diffuse large
B-cell lymphoma (NCT03391466).

In addition to axicabtagene ciloleucel, two other anti-
CD19 CAR T-cell therapies have either been approved
or are under investigation for relapsed or refractory
large B-cell lymphoma. Tisagenlecleucel, which has
been approved in the USA and EU, is an autologous anti-
CD19 CAR T-cell therapy but uses a CD137 (4-1BB)
costimulatory domain for T-cell activation, as opposed to
CD28, which is used by axicabtagene ciloleucel.*” In
the phase 2 JULIET study (NCT02445248), 111 patients
received tisagenlecleucel. With a median follow-up of
14 months, 48 (52%) of the 93 patients with assessable
activity had objective responses and 40% had complete
responses.” Median progression-free survival was
2-9 months (95% CI 2-2—4-2) and median overall survival
was 11-7 months (6-6 to not assessable). TRANSCEND
(NCT02631044) is a phase 1-2 trial of lisocabtagene
maraleucel. Like tisagenlecleucel, lisocabtagene mara-
leucel includes a CD137 (4-1BB) costi-mulatory domain.*
With a median of 8 months of follow-up, in interim
analysis of the phase 1 section of the trial, 80% of
73 patients treated who had the disease histologies
selected for the registrational cohort achieved an objective
response, and duration of response was not reached.*
Overall survival has not yet been reported, but the
frequency of objective responses at 6 months was 47%
(95% CI 35-59),* which is similar to that in ZUMA-1.
Additional follow-up will establish if the responses to
tisagenlecleucel and lisocabtagene maraleucel are
durable. Although varying toxicity grading scales were
used in ZUMA-1, JULIET, and TRANSCEND, grade 3 or
worse cytokine release syndrome and neurological
events have been recorded in all three trials. In JULIET,
grade 3 or worse cytokine release syndrome occurred in
22% of 111 patients, and neurological events occurred in
12% of patients, with lower proportions of both (one [1%)]
and 11 [15%)] of 73 patients, respectively) reported in
TRANSCEND.*

Cross-trial comparisons of efficacy, toxicity, and
durability of these second generation anti-CD19 CAR
T-cell therapies are difficult in view of the small numbers
of patients treated in each study, differences in patient
populations, baseline characteristics, follow-up times,
and methods. Partly due to differences in study design,
the proportions of patients who ultimately received CAR
T-cell therapy relative to the number enrolled in the trial
differed substantially between ZUMA-1, JULIET, and
TRANSCEND, and could be relevant when considering
the feasibility of therapeutic administration outside trial
settings. 108 (91%) of 119 patients enrolled in ZUMA-1
received study therapy, compared with 111 (67%) of
165 enrolled in JULIET and 114 (85%) of 134 enrolled in
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TRANSCEND.* Furthermore, bridging chemotherapy
after apheresis was allowed in both JULIET and
TRANSCEND, which further compounds comparisons
with ZUMA-1 and obscures the treatment effect of
tisagenlecleucel or lisocabtagene maraleucel in isolation.
Additional studies are needed to establish whether there
are true differences in the activity and safety between the
three CAR T-cell products.

This study has several limitations. The study was
designed to show an improvement in response.
Additional studies in other large B-cell lymphoma settings
are warranted to understand the benefits of axicabtagene
ciloleucel in additional settings. Furthermore, we did not
address the effect of axicabtagene ciloleucel on quality of
life. Additional studies in large patient populations are
needed to identify factors that could be associated with
the risk of prolonged cytopenias with CAR T-cell therapy.
Analysis of immunoglobulin concentrations would
further elucidate the degree of functional immune
recovery after axicabtagene ciloleucel treatment. However,
data for immunoglobulin concentrations were not
available because collection of immunoglobulin data was
per investigator decision and not a protocol-specified
assessment. Finally, mechanisms of relapse require
further comprehensive analyses and additional studies.

This 2-year analysis of the multicentre ZUMA-1 trial
shows that a substantial proportion of patients with
refractory large B-cell lymphoma treated with axicabtagene
ciloleucel can achieve durable responses with manageable
long-term safety. Additional studies are needed to confirm
the overall survival results noted here and to establish
whether axicabtagene ciloleucel can improve quality of life
in this setting. Further research will also help to elucidate
the mechanisms of resistance to this therapy.
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