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ORIGINAL ARTICLE

Second-Line Tisagenlecleucel or Standard
Care in Aggressive B-Cell Lymphoma

M.R. Bishop, M. Dickinson, D. Purtill, P. Barba, A. Santoro, N. Hamad, K. Kato,
A. Sureda, R. Greil, C. Thieblemont, F. Morschhauser, M. Janz, I. Flinn,
W. Rabitsch, Y.-L. Kwong, M J. Kersten, M.C. Minnema, H. Holte, E.H.L. Chan,
J. Martinez-Lopez, A.M.S. Mdller, R.T. Maziarz, J.P. McGuirk, E. Bachy,
S. Le Gouill, M. Dreyling, H. Harigae, D. Bond, C. Andreadis, P. McSweeney,
M. Kharfan-Dabaja, S. Newsome, E. Degtyarev, R. Awasthi, C. del Corral,
G. Andreola, A. Masood, S.J. Schuster, U. Jager, P. Borchmann, and J.R. Westin

ABSTRACT

BACKGROUND
Patient outcomes are poor for aggressive B-cell non-Hodgkin’s lymphomas not
responding to or progressing within 12 months after first-line therapy. Tisagenle-
cleucel is an anti-CD19 chimeric antigen receptor T-cell therapy approved for diffuse
large B-cell lymphoma after at least two treatment lines.

METHODS

We conducted an international phase 3 trial involving patients with aggressive
lymphoma that was refractory to or progressing within 12 months after first-line
therapy. Patients were randomly assigned to receive tisagenlecleucel with optional
bridging therapy (tisagenlecleucel group) or salvage chemotherapy and autologous
hematopoietic stem-cell transplantation (HSCT) (standard-care group). The primary
end point was event-free survival, defined as the time from randomization to stable
or progressive disease at or after the week 12 assessment or death. Crossover to
receive tisagenlecleucel was allowed if a defined event occurred at or after the week
12 assessment. Other end points included response and safety.

RESULTS
A total of 322 patients underwent randomization. At baseline, the percentage of
patients with high-grade lymphomas was higher in the tisagenlecleucel group than
in the standard-care group (24.1% vs. 16.9%), as was the percentage with an Inter-
national Prognostic Index score (range, 0 to 5, with higher scores indicating a
worse prognosis) of 2 or higher (65.4% vs. 57.5%). A total of 95.7% of the patients
in the tisagenlecleucel group received tisagenlecleucel; 32.5% of the patients in the
standard-care group received autologous HSCT. The median time from leukaphere-
sis to tisagenlecleucel infusion was 52 days. A total of 25.9% of the patients in the
tisagenlecleucel group had lymphoma progression at week 6, as compared with
13.8% of those in the standard-care group. The median event-free survival in both
groups was 3.0 months (hazard ratio for event or death in the tisagenlecleucel
group, 1.07; 95% confidence interval, 0.82 to 1.40; P=0.61). A response occurred in
46.3% of the patients in the tisagenlecleucel group and in 42.5% in the standard-
care group. Ten patients in the tisagenlecleucel group and 13 in the standard-care
group died from adverse events.

CONCLUSIONS
Tisagenlecleucel was not superior to standard salvage therapy in this trial. Additional
studies are needed to assess which patients may obtain the most benefit from each
approach. (Funded by Novartis; BELINDA ClinicalTrials.gov number, NCT03570892.)
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GGRESSIVE NON-HODGKIN’S LYMPHO-
mas are common cancers with an esti-
mated annual incidence of 250,000 new
cases worldwide.! The prognosis is poor for pa-
tients with aggressive lymphoma whose disease
is refractory to or relapses within 12 months
after first-line treatment.? Standard-care second-
line treatment for suitable patients with relapsed
or refractory aggressive lymphoma includes plat-
inum-based immunochemotherapy followed by
high-dose chemotherapy and autologous hema-
topoietic stem-cell transplantation (HSCT) in pa-
tients having a response. However, more than
half of patients will not receive autologous HSCT
owing to the failure of therapy to sufficiently
reduce tumor burden.*®
Tisagenlecleucel is an autologous anti-CD19
chimeric antigen receptor (CAR) T-cell therapy
approved as a third-line therapy for relapsed or
refractory aggressive diffuse large B-cell lym-
phoma.*® In the JULIET trial, a response oc-
curred in 52% of the patients with diffuse large
B-cell lymphoma who received tisagenlecleucel,
and the 24-month progression-free survival was
33%.8 BELINDA is an international, randomized,
phase 3 trial comparing the efficacy and safety
of tisagenlecleucel with those of current stan-
dard-care second-line treatment strategies that
include salvage chemoimmunotherapy followed
by high-dose therapy and autologous HSCT in
patients with refractory or early relapsed aggres-
sive lymphoma.

METHODS

TRIAL DESIGN AND PATIENTS

We enrolled patients at 65 centers in 18 countries
from May 31, 2019, to January 8, 2021. Enrollment
was paused from March 31, 2020, to May 11, 2020,
owing to the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pandemic. Eligible
patients were 18 years of age or older with histo-
logically confirmed aggressive B-cell lymphoma
that was refractory (lack of complete response)
or relapsed after the receipt of a first-line anti-
CD20 antibody and anthracycline-containing reg-
imen within 12 months after the last dose. Patients
had to be eligible for autologous HSCT accord-
ing to the investigator’s assessment and have an
Eastern Cooperative Oncology Group (ECOG) per-
formance-status score of 0 or 1 (on a 5-point scale,
with higher numbers indicating greater disabil-
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ity) and adequate organ function. After providing
written informed consent, all screened patients
underwent lymphocyte collection by means of
leukapheresis for potential tisagenlecleucel man-
ufacture, because the trial allowed for crossover
from standard-care therapy to adoptive cellular
therapy and starting material for CAR T-cell gen-
eration was needed for all the patients.

After leukapheresis, patients underwent ran-
domization in a 1:1 ratio, with stratification ac-
cording to remission duration (disease that was
refractory to first-line therapy and relapse <6
months after the last dose of first-line therapy
vs. relapse 6 to 12 months after the last dose of
first-line therapy), geographic region (North Amer-
ica [all from the United States] vs. rest of the
world [non-United States]), and International
Prognostic Index (IPI) score (<2 vs. >2; scores
range from O to 5, with higher scores indicating
a worse prognosis) at trial entry (Fig. S1 in the
Supplementary Appendix, available with the full
text of this article at NEJM.org). The tisagenle-
cleucel treatment strategy consisted of optional
bridging therapy (investigator’s choice of four
prespecified platinum-containing combination
chemotherapy regimens), lymphodepletion che-
motherapy (fludarabine at a dose of 25 mg per
square meter of body-surface area per day and
cyclophosphamide at a dose of 250 mg per square
meter per day for 3 days or, if contraindicated,
bendamustine at a dose of 90 mg per square
meter per day for 2 days), and a single intrave-
nous infusion of 0.6 to 6.0x10®8 CAR-positive vi-
able T cells. The standard-care treatment strat-
egy consisted of the investigator’s choice of four
prespecified chemotherapy regimens (same as
bridging therapy) followed, in patients having a
response, by high-dose chemotherapy and autolo-
gous HSCT.

Responses were determined by an indepen-
dent review committee whose members were
unaware of the trial-group assignments. Patients
in the standard-care group with an inadequate
response to chemotherapy on positron-emission
tomography—computed tomography (PET-CT) at
week 6 could receive a second chemotherapy regi-
men, with the aim of having the lowest possible
tumor burden before autologous HSCT. Palliative
ibrutinib or lenalidomide was used if patients
were no longer eligible for autologous HSCT. The
rationale for allowing a second chemotherapy
regimen in order to achieve a response adequate
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for autologous HSCT is supported by published
data showing that nearly 30% of the patients who
could not proceed to autologous HSCT in the
Collaborative Trial in Relapsed Aggressive Lym-
phoma could still benefit from a second chemo-
therapy regimen and receive consolidation HSCT,
with a significant improvement in long-term sur-
vival.® Crossover from the standard-care group to
receive tisagenlecleucel was allowed after confir-
mation of stable or progressive disease at or after
the week 12 assessment.

ASSESSMENTS AND END POINTS

After randomization, disease assessments were
performed at week 6, week 12, and every 3 months
thereafter for the first year, every 6 months for
the second year, and annually thereafter for up
to 5 years. The primary end point was event-free
survival, defined as the time from randomiza-
tion to stable or progressive disease at or after
the week 12 assessment by the independent re-
view committee according to the Lugano crite-
ria’ or death at any time. The rationale for event-
free survival to involve efficacy evaluations
starting at week 12 was to allow time for the full
treatment effect in each group. In the tisagenle-
cleucel group, the week 6 PET-CT was used to
evaluate disease burden before tisagenlecleucel
infusion. In the standard-care group, the week 6
PET-CT was used to evaluate response to chemo-
therapy for eligibility for either autologous HSCT
or a second chemotherapy regimen. Therefore,
response assessments before week 12 did not
represent a failure of the treatment strategy in
either group and were not considered for the pri-
mary end point. With allowance for a time win-
dow around specified assessment dates, any as-
sessment as early as 71 days after randomization
was considered to be a week 12 assessment. The
secondary end point of overall survival was to be
formally tested between the treatment groups
only if the results for the primary end point were
significant. Other secondary end points includ-
ed the percentage of patients with a response
(based on the best response at or after week 12),
safety, and cellular kinetics.

TRIAL OVERSIGHT

The trial was approved by the institutional review
board at each participating institution. Data were
analyzed and interpreted by the sponsor (Novar-
tis) and the authors. Editorial and writing assis-

tance with earlier versions of the manuscript was
provided by a medical writer paid by the sponsor.
All the authors reviewed the manuscript. The au-
thors vouch for the completeness and accuracy
of the data and for the adherence of the trial to
the protocol, available at NEJM.org.

STATISTICAL ANALYSIS

Efficacy and safety comparisons between treat-
ment groups were based on all the patients who
underwent randomization. The primary end point,
event-free survival, was compared between treat-
ment groups by means of a stratified log-rank
test at a one-sided 2.5% level of significance to
reject the null hypothesis of no difference in
event-based survival in favor of superior efficacy
of the tisagenlecleucel treatment strategy (accord-
ing to Journal guidelines, the one-sided P value
was converted to a two-sided P value for this
article). Because tisagenlecleucel infusion was
anticipated to have occurred by week 6 and ow-
ing to similarities of bridging and salvage regi-
mens, no difference between treatment groups
was assumed for the first 6 weeks (i.e., hazard
ratio for event or death of 1). A hazard ratio of
0.61 in the tisagenlecleucel group was assumed
after 6 weeks. Given those assumptions, a total
of 200 events were required for the trial to have
92% power to detect a significantly superior ef-
fect of the tisagenlecleucel treatment strategy
over the standard-care treatment strategy.

Unadjusted Cox regression, stratified accord-
ing to randomization stratification factors, was
used in the primary analysis to estimate the hazard
ratio and 95% confidence interval for event or
death between treatment groups. As a supportive
analysis to assess treatment effect with adjust-
ment for potential imbalances in patient charac-
teristics, an adjusted Cox regression was performed
with prespecified covariates of age, sex, race,
ECOG performance-status score, histologic sub-
group, disease stage, and disease subtype. The
only statistical test performed was for the primary
end point, event-free survival. All secondary and
exploratory analyses are presented without ad-
justment for multiplicity; as such, no inference
regarding statistical significance can be drawn
from the confidence intervals presented.

The prespecified definitions of event-free sur-
vival and overall response rate assumed that the
week 12 assessment would measure the effect of
tisagenlecleucel and standard-care treatment strat-
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egies and, therefore, considered all disease assess-
ments from day 71 onward until stable disease,
progressive disease, or the start of new therapy.
However, some patients in both groups had de-
layed infusion or a delayed response. A system-
atic post hoc exploratory analysis approach was
used to understand trial results in the tisagenle-
cleucel group for patients who received tisagen-
lecleucel. To account for infusion delays, only
assessments after tisagenlecleucel were considered
in post hoc analyses of modified event-free sur-
vival and modified best overall response. Further-
more, to account for possible delayed responses,
stable or progressive disease was not considered
to be an event if there was a later response of
complete or partial response without further an-
ticancer therapies. Further details of the post hoc
exploratory methods are provided in the Supple-
mentary Appendix.

RESULTS

PATIENTS

As of May 6, 2021, a total of 322 patients had un-
dergone randomization, 162 to the tisagenlecleucel
group and 160 to the standard-care group (Figs.
1 and S2). Patient characteristics at baseline are
described in Table 1 and are representative of the
worldwide population of patients with aggressive
lymphoma (Table S1); as expected, the majority
of patients (68.9%) were younger than 65 years
of age owing to the transplantation eligibility re-
quirement of the protocol. There were some be-
tween-group differences in patient characteristics
(high-grade B-cell lymphoma [24.1% in the tisa-
genlecleucel group vs. 16.9% in the standard-care
group] and an IPI score of 22 [65.4% vs. 57.5%]);
29.5% of the patients were enrolled in the United
States. The difference in IPI score between the
two groups was due to incorrect entry of patient
prognostic factors into the interactive response
technology system at the time of randomization,
which caused randomization of a small number
of patients to the wrong stratum. This error was
noted and subsequently corrected; the IPI scores
shown in Table 1 are accurate as confirmed by
the investigator. In both groups, the median time
from progression after first-line therapy to ran-
domization was less than 1.5 months; 66.5% of
the patients had disease that was refractory to
first-line therapy, and 19.3% had had a relapse
less than 6 months after first-line therapy.

In the tisagenlecleucel group, 27 patients
(16.7%; includes 1 patient who had a protocol
deviation and discontinued the trial) did not re-
ceive bridging therapy, 58 (35.8%) received one
cycle, and 77 (47.5%) received at least two cycles
or regimens (Figs. 1 and S3 and Table S2). Pa-
tients who did not receive bridging therapy were
generally older (265 years of age; 44%), had re-
fractory disease (70%), had an IPI score of less
than 2 (56%), and had histologic subtypes other
than high-grade B-cell lymphoma (93%) (Table
S3). The number of bridging-therapy cycles was
higher in non-U.S. patients than in U.S. patients
(no bridging therapy, 9% vs. 35%; one cycle, 32%
vs. 44%; and at least two cycles or regimens,
59% vs. 21%).

The in-specification manufacturing success
rate was 97% for both the patients in the tisa-
genlecleucel group and the patients who crossed
over. The median time from leukapheresis to
tisagenlecleucel infusion in the tisagenlecleucel
group was 52 days (range, 31 to 135) in the over-
all population, 41 days (range, 31 to 91) in U.S.
patients, and 57 days (range, 38 to 135) in non-
U.S. patients; the values were 44 days (range, 34
to 76) in patients who received no bridging
therapy, 47 days (range, 31 to 79) in those who
received one cycle, and 58 days (range, 37 to 135)
in those who received at least two cycles or
regimens (Fig. S4 and Table S4). The median
time from randomization to receipt of leuka-
pheresis at the manufacturing facility was 6 days
(range, 2 to 12) in the United States and 10 days
(range, 3 to 27) in non-U.S. countries. The median
time from leukapheresis receipt at the manufac-
turing facility to tisagenlecleucel shipment was
23.5 days (range, 22 to 34) in the United States
and 28 days (range, 22 to 115) in non-U.S. coun-
tries. The median time from shipment to infu-
sion was 11 days (range, 4 to 63) in the United
States and 15 days (range, 2 to 91) in non-U.S.
countries.

Among 162 patients assigned to the tisagen-
lecleucel group, 155 (95.7%) received tisagenle-
cleucel at a median dose of 2.9x108 cells (range,
0.4 to 5.9). A total of 155 patients (96.9%) in the
standard-care group received at least two che-
motherapy cycles, including 86 (53.8%) who re-
ceived at least two regimens (Figs. 1 and S3 and
Table S2). A total of 52 patients (32.5%) in the
standard-care group received autologous HSCT;
16 of these patients (31%) received two different
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396 Patients were screened

74 Did not complete screening

322 Underwent leukapheresis

322 Were enrolled in the full analysis population and safety
population and underwent randomization (1:1 ratio)

162 Were assigned to receive
tisagenlecleucel

standa

160 Were assigned to receive

rd care

1 (0.6%) Had protocol deviation
and discontinued trial without
any treatment

Y

2 (1.2%) Had protocol deviation
and discontinued trial without

any treatment

135 (83.3%) Received
bridging therapy

26 (16.0%) Did not receive

bridging therapy

158 (98.8%) Started
therapy

salvage

4 (2.5%) Continued treatment
at time of data cutoff

6 (3.7%) Discontinued
without receiving
tisagenlecleucel

2 (1.2%) Were with-
drawn by physician

2 (1.2%) Had pro-
gressive disease

1 (0.6%) Had manu-
facturing issue

1 (0.6%) Withdrew

102 (63.8%) Discontinued
without receiving
autologous HSCT

76 (47.5%) Had pro-
gressive disease
14 (8.8%) Were with-
drawn by physician
7 (4.4%) Died
2 (1.2%) Withdrew
2 (1.2%) Had tech-
nical problems
1 (0.6%) Had protocol
deviation

155 (95.7%) Received lymphodepletion
chemotherapy plus tisagenlecleucel

52 (32.5%) Received conditioning and
autologous HSCT

10 (19%) Received autologous HSCT
after second PCT

Crossover

i

Crossover

155 Were assigned to receive tisagenlecleucel

81 Crossed over from standard care (71 without autologous HSCT)

236 Were included in the tisagenlecleucel-infused population

Figure 1. Randomization and Treatment.

The full analysis population and the safety population were used to compare efficacy and safety between the two treatment strategies.
The tisagenlecleucel-infused population was used to assess the efficacy and safety of tisagenlecleucel as second-line therapy (tisagenle-
cleucel group) and third-line therapy (crossover). More details on randomization and treatment are provided in Figure S2 in the Supple-

mentary Appendix. HSCT denotes hematopoietic stem-cell transplantation, and PCT platinum-based immunochemotherapy.
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Tisagenlecleucel Group

Standard-Care Group

Characteristic (N=162) (N=160)
Median age (range) — yr 59.5 (19-79) 58 (19-77)
Age 265 yr — no. (%) 54 (33.3) 46 (28.8)
Male sex— no. (%) 103 (63.6) 98 (61.2)
Race —no. (%)

White 128 (79.0) 128 (80.0)

Asian 20 (12.3) 22 (13.8)

Black 8 (4.9) 3(1.9)

Other or unknown 6 (3.7) 7 (4.4)

Hispanic or Latino ethnic group — no. (%)t 12 (7.4) 13 (8.1)
Geographic region — no. (%)
United Statesi: 48 (29.6) 47 (29.4)
Non-United States 114 (70.4) 113 (70.6)
ECOG performance-status score of 1 — no. (%)§ 70 (43.2) 65 (40.6)
IPI score =2 — no. (%) 106 (65.4) 92 (57.5)
Disease subtype — no. (%)

Diffuse large B-cell lymphoma, not otherwise specified 101 (62.3) 112 (70.0)
Germinal center B-cell-like 46 (28.4) 63 (39.4)
Activated B-cell-like 52 (32.1) 42 (26.2)
Unclassified or missing 3(1.9) 7 (4.4)

High-grade B-cell lymphoma with MYC rearrangement plus rearrangement 32 (19.8) 19 (11.9)

of BCL2, BCLG6, or both

Primary mediastinal B-cell lymphoma 12 (7.4) 13 (8.1)

High-grade B-cell lymphoma, not otherwise specified 7 (4.3) 8 (5.0)

Follicular lymphoma grade 3B 5(3.1) 1 (0.6)

Other 5(3.1) 7 (4.4)

Transformation from previous lymphoma — no. (%) 27 (16.7) 22 (13.8)
Remission duration — no. (%)]

Disease that was refractory to first-line therapy 107 (66.0) 107 (66.9)

Relapse <6 mo after last dose of first-line therapy 30 (18.5) 32 (20.0)

Relapse 6-12 mo after last dose of first-line therapy 25 (15.4) 21 (13.1)

Median time since initial diagnosis (IQR) — mo 8.4 (6.8-11.1) 8.2 (5.9-11.4)
Median time since most recent relapse or progressive disease (IQR) — mo 1.4 (0.9-2.2) 1.1 (0.8-1.8)
One previous line of therapy for current lymphoma — no. (%)** 160 (98.8) 158 (98.8)
Disease stage at time of trial entry — no. (%)

lorlIE 19 (11.7) 22 (13.8)

11, IE, or 11 bulky 36 (22.2) 40 (25.0)

i 29 (17.9) 24 (15.0)

\Y 78 (48.1) 74 (46.2)

* Percentages may not total 100 because of rounding. IQR denotes interquartile range.

Race and ethnic group were reported by the patient.

> —

North America was a stratification factor, and all enrolled patients in this group were from the United States.
Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 5, with higher scores indicating greater disability.
International Prognostic Index (IPI) scores range from 0 to 5, with higher scores indicting a worse prognosis. The difference in scores

between the two groups, despite the IPI score being a stratification factor, was due to incorrect entry of patient prognostic factors into
the interactive response technology system at the time of randomization, which was noted and subsequently corrected. Therefore, the IPI

scores shown in the table are accurate as confirmed by the investigator.

| Refractory disease was defined as a lack of complete response to first-line therapy for current lymphoma. Relapse after the last dose of
first-line therapy was defined as a complete response to first-line therapy with subsequent relapse.

** Four patients had not received previous treatment for current lymphoma. Three patients received first-line treatment for a previous ag-
gressive non-Hodgkin’s lymphoma that then transformed into the current lymphoma. One patient did not meet inclusion criteria and

discontinued the trial after randomization.
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Patients Alive without Event (%)
w
o
1

P=0.61

Standard care

T—A———
= M p —A

10 =
Tisagenlecleucel
0 T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22
Months
No. at Risk
Standard care 160 148 45 31 25 17 12 7 6 3 1 0
Tisagenlecleucel 162 156 57 32 19 13 6 1 1 0 0 0

No. of No. of
Patients Events

Standard Care 160 104
Tisagenlecleucel 162 117
Hazard ratio for event or death

(tisagenlecleucel vs. standard care),
1.07 (95% Cl, 0.82-1.40)

Event-free

3.0 (3.0-3.5)
3.0 (2.9-4.2)

Figure 2. Kaplan—Meier Plot of Event-free Survival.

An event was defined as progressive disease or stable disease on or after day 71 or death at any time (i.e., event-free survival at a given
time point represents the estimated percentage of patients who had a complete or partial response at this time point among all ran-
domly assigned patients). Responses were determined by an independent review committee whose members were unaware of the trial-
group assignments. The triangles (standard-care group) and squares (tisagenlecleucel group) indicate censoring times.

chemotherapy regimens before HSCT. The medi-
an time from randomization to autologous HSCT
was 3.0 months (range, 2.0 to 5.2). A total of 25
patients (15.6%) became ineligible for autologous
HSCT during the treatment period for reasons
other than inadequate response, mainly a de-
cline in performance status or unacceptable side
effects from chemotherapy (8.8%) or the failure
of stem-cell collection (1.9%). Eleven patients
(6.9%) received ibrutinib- or lenalidomide-based
therapies as palliative therapy. By data cutoff, 81
patients (50.6%) in the standard-care group had
crossed over and received tisagenlecleucel; 10
crossed over after autologous HSCT. The median
time from randomization to crossover infusion
was 4.3 months (range, 2.5 to 10.8).

EFFICACY

Event-free survival did not differ significantly be-
tween the treatment groups (stratified unadjusted
hazard ratio for event or death [tisagenlecleucel
vs. standard care], 1.07; 95% confidence interval
[CI], 0.82 to 1.40; two-sided P=0.61 by stratified
log-rank test). The median event-free survival in
both groups was 3.0 months (Fig. 2). The stratified
adjusted hazard ratio for event or death was 0.95
(95% CI, 0.72 to 1.25) (Table S5). The median time

from randomization to data cutoff was 10.0
months (range, 2.9 to 23.2). Data on overall
survival were immature at data cutoff (Fig. S5);
the stratified unadjusted hazard ratio for death
was 1.24 (95% CI, 0.83 to 1.85), and the strati-
fied adjusted hazard ratio was 0.99 (95% CI, 0.64
to 1.52). In both groups, event-free and overall
survival were shorter among patients with high-
grade B-cell lymphoma than among those with
primary mediastinal B-cell lymphoma or diffuse
large B-cell lymphoma (Fig. S6). No substantial
difference in the hazard ratio for event or death
between the two groups was observed for any dis-
ease histologic type, but the trial was not powered
for subgroup analyses (Fig. S7). Comparison of
event-free survival between treatment groups on
the basis of the randomization stratification fac-
tor of geographic region showed similar median
event-free survival with regard to regions and treat-
ment strategies (non-U.S. countries, 3.3 months in
the tisagenlecleucel group and 3.0 months in the
standard-care group; United States, 2.9 months
and 3.1 months, respectively), yielding an adjust-
ed hazard ratio for event or death of 0.82 (95% CI,
0.59 to 1.15) in non-U.S. countries and an adjusted
hazard ratio of 1.19 (95% CI, 0.64 to 2.19) in the
United States.
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Table 2. Overall Response at Week 6 Assessment and Best Overall Response.*

Response

Stable disease

Unknown§

No. of patients

Complete response

Partial response

Progressive disease

Percent (95% Cl)9

Week 6 Assessmenty

Tisagenlecleucel Group  Standard-Care Group

Best overall response — no. (%)

Complete or partial response

(N=162) (N=160)

18 (11.1) 31 (19.4)

44 (27.2) 55 (34.4)

48 (29.6) 46 (28.8)

42 (25.9) 22 (13.8)

10 (6.2) 6 (3.8)
62 86

38.3 (30.8-46.2)

53.8 (45.7-61.7)

Best Overall Response at or after Week 12
Assessment:;

Tisagenlecleucel Group  Standard-Care Group

(N=162) (N=160)

46 (28.4) 44 (27.5)

29 (17.9) 24 (15.0)

19 (11.7) 22 (13.8)

50 (30.9) 46 (28.8)

18 (11.1) 24 (15.0)
75 68

46.3 (38.4-54.3) 42.5 (34.7-50.6)

* Responses were determined by an independent review committee whose members were unaware of the trial-group assignments. Percent-

ages may not total

100 because of rounding.

7 The week 6 assessment was considered to be the earliest assessment on or after day 29 and on or before the earliest of day 70 or the date
of new anticancer therapy and, according to the protocol, reflected the last disease assessment before infusion in the tisagenlecleucel group
and disease status after the first regimen to assess eligibility for transplantation in the standard-care group.

i Best overall response reflects efficacy assessments on or after day 71 and until stable disease or progressive disease or the start of new

therapy.

§ Patients with unknown response were either assessed as having unknown response or had no available disease assessments owing to
death, discontinuation of the trial, or the start of new anticancer therapy.

9§ The 95% confidence intervals for overall response (complete or partial response) are exact Clopper—Pearson confidence intervals. The con-
fidence intervals were not adjusted for multiplicity, and no inference can be made on the statistical significance of the results.
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At week 6, a response occurred in 38.3% of
the patients in the tisagenlecleucel group and in
53.8% of those in the standard-care group, and
progressive disease was noted in 25.9% and 13.8%,
respectively. In the tisagenlecleucel group, a re-
sponse occurred before CAR T-cell infusion in
26.1% of U.S. patients and in 43.1% of non-U.S
patients. A response occurred at or after the week
12 assessment in 46.3% of the patients in the ti-
sagenlecleucel group and in 42.5% of those in the
standard-care group (Table 2).

In the tisagenlecleucel group, 6 patients had
a response to the infusion but were recorded as
having an event owing to stable or progressive
disease before or soon after infusion. Exploratory
post hoc model-based analyses in the tisagenle-
cleucel group showed a hazard ratio of 2.30
(95% CI, 1.44 to 3.66) for the modified event-
free survival among patients with stable or pro-
gressive disease before infusion as compared with
those with a complete or partial response before
infusion (Table S6). A potential dose-response
relationship in patients with stable or progres-
sive disease before infusion was observed in the

N ENGL ) MED 386;7
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model-based exploratory analyses (Tables S6 and
S7 and Fig. S8).

SAFETY

Nearly all the patients (98.8% in each group) had
an adverse event during the safety comparison
period (Table S8). A total of 136 patients (84.0%)
in the tisagenlecleucel group and 144 (90.0%) in
the standard-care group had an adverse event of
grade 3 or higher; 121 (74.7%) and 137 (85.6%),
respectively, had grade 3 or higher events that
were considered by the investigators to be treat-
ment-related. In the tisagenlecleucel group, 95 of
the 155 patients (61.3%) who received an infu-
sion had cytokine release syndrome; 8 patients
(5.2%) had cytokine release syndrome of grade 3
or higher (Table S9). The median time from the
infusion to the onset of cytokine release syn-
drome was 4 days (range, 1 to 27); the median
time to resolution was 5 days (95% CI, 4 to 5).
A total of 16 patients (10.3%) in the tisagenle-
cleucel group had neurologic events after infu-
sion; 3 patients (1.9%) had a neurologic event of
grade 3 or higher. The median time from the
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infusion to the onset of a neurologic event was
5 days (range, 3 to 93); the median time to reso-
lution was 9 days (95% CI, 3 to 14). Except for
cytokine release syndrome in the tisagenlecleu-
cel group, the most common adverse events in
both groups were anemia, neutropenia, throm-
bocytopenia, and nausea (Table S10). A total of
52 patients (32.1%) in the tisagenlecleucel group
and 45 (28.1%) in the standard-care group died
during the trial, including 42 (25.9%) and 32
(20.0%), respectively, who died due to disease
progression. Ten patients in the tisagenlecleucel
group and 13 in the standard-care group died
from adverse events, including 2 patients in each
group who died of SARS-CoV-2-related compli-
cations (Table S11).

CELLULAR KINETICS OF TISAGENLECLEUCEL
EXPANSION AND PERSISTENCE

The geometric mean in vivo peak expansion was
twice as high in patients who had a response as in
those who did not have a response, with a similar
median time to maximal expansion (Fig. S9).
Four months after randomization, tisagenlecleu-
cel transgene was detected in 53 of the 54 sam-
ples (98%) that could be evaluated. Longer event-
free survival was observed among patients with
higher-than-median peak expansion (Fig. S10).
Of the 38 patients who had a relapse after hav-
ing had a response to tisagenlecleucel infusion,
18 had quantifiable CAR transgene levels in pe-
ripheral blood (levels above the limit of quanti-
fication of 50 copies per microgram) at or close
to the time of relapse, whereas in 16 patients, the
CAR transgene levels either were not detected or
were below the limit of quantification at or close
to the time of relapse (cellular kinetic data were
not sufficient in the remaining 4 patients).

DISCUSSION

Management of aggressive lymphoma that does
not respond to or that progresses shortly after
first-line therapy remains a substantial clinical
challenge. Our trial was designed with the expec-
tation that the tisagenlecleucel treatment strategy
would provide a superior outcome as compared
with current standard-care treatment in the con-
text of second-line therapy, particularly in patients
whose disease was refractory to chemotherapy.
However, we observed no difference in event-free
survival between the two treatment strategies.

At the time of the trial design, the patients’
disease status at the time of infusion was not
expected to influence postinfusion outcomes for
CAR T-cell therapies, although growing evidence
suggests the importance of disease burden be-
fore infusion on long-term outcomes.® A higher
percentage of patients was observed with pro-
gressive disease at week 6 (preinfusion) in the
tisagenlecleucel group than in the standard-care
group (25.9% vs. 13.8%), which was attributed to
a lower number of chemotherapy cycles than in
the standard-care group. Our exploratory post hoc
model-based analyses also indicated the rele-
vance of disease status before infusion of tisa-
genlecleucel.

Bridging therapy is frequently used to stabi-
lize rapidly proliferative disease and was allowed
in this trial owing to the enrollment of patients
with high-risk aggressive lymphoma and the
expected time to infusion."** Although the rea-
sons for use of bridging therapy were not col-
lected, an IPI score of 2 or higher and a diagno-
sis of high-grade B-cell lymphoma were more
frequent in patients who received bridging ther-
apy. In addition, the difference in the number of
cycles between U.S. sites and non-U.S. sites may
be due to differences in the expected time to
product availability (shorter in U.S. sites) and pos-
sible regional preferences, with a tendency among
non-U.S. investigators to administer more chemo-
therapy before CAR T-cell infusion. More non-
U.S. patients than U.S. patients received at least
two cycles or regimens of bridging therapy (59%
vs. 21%), and less progressive disease before ti-
sagenlecleucel infusion was observed in non-U.S.
patients than in U.S. patients despite a longer
time to infusion.

A longer time to infusion and delayed re-
sponse confounded the original definition of
event-free survival in both groups, because some
events at the week 12 assessment were observed
before the onset of treatment response. Some
patients had a response at later time points in the
absence of new anticancer therapies. The reasons
for a longer time to infusion included logistic
challenges affecting the time before receipt of
leukapheresis material at the manufacturing facil-
ity and after tisagenlecleucel shipment, patients
not meeting preinfusion criteria at the time of
product availability, the need to delay infusion
for washout after bridging-therapy cycles, and the
SARS-CoV-2 pandemic. In particular, for patients
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who did not have a response to bridging chemo-
therapy, a substantially shorter time to infusion
may be required in order to benefit from CAR
T-cell therapy; however, identification of these pa-
tients a priori is currently difficult.

Additional trial design considerations included
the option for patients in the standard-care group
to receive a second chemotherapy regimen, an
intervention that improved efficacy. In the stan-
dard-care group, 86 patients (53.8%) received at
least two regimens of salvage chemotherapy, of
which only 16 (19%) were able to proceed to
autologous HSCT, a finding that is indicative of
the aggressive disease characteristics in this popu-
lation. However, these 16 patients contributed to
improved outcomes in the standard-care group,
in which approximately 1 of 3 recipients of autolo-
gous HSCT had received at least two chemo-
therapy regimens.

Furthermore, although responses to tisagen-
lecleucel were observed across the whole dose
range, exploratory modeling suggests that in this
population with aggressive lymphoma, patients
with stable or progressive disease before infusion

gressive disease before infusion, for whom a
lower CAR T-cell dose was manufactured because
of technical and patient-related challenges, an
attempt to reduce tumor burden before infusion
may be beneficial. The tisagenlecleucel dose—
exposure relationship is influenced by factors
such as T-cell function at the time of leukaphere-
sis, tisagenlecleucel product phenotype, disease
burden, and previous therapies.’>'® Hence, these
findings suggest the need for further research
on the underlying effect of disease burden, cell
dose, T-cell function in patients with lymphoma,
and expansion on disease response. Our data
suggest the importance of disease control with
more effective bridging therapy before CAR T-cell
infusion and a shorter time to infusion may be
needed for this population of patients with disease
refractory to chemotherapy.
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