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BACKGROUND
In an analysis of the primary outcome of this phase 3 trial, patients with early 
relapsed or refractory large B-cell lymphoma who received axicabtagene ciloleucel 
(axi-cel), an autologous anti-CD19 chimeric antigen receptor T-cell therapy, as 
second-line treatment had significantly longer event-free survival than those who 
received standard care. Data were needed on longer-term outcomes.

METHODS
In this trial, we randomly assigned patients with early relapsed or refractory large 
B-cell lymphoma in a 1:1 ratio to receive either axi-cel or standard care (two to 
three cycles of chemoimmunotherapy followed by high-dose chemotherapy with 
autologous stem-cell transplantation in patients who had a response). The pri-
mary outcome was event-free survival, and key secondary outcomes were response 
and overall survival. Here, we report the results of the prespecified overall sur-
vival analysis at 5 years after the first patient underwent randomization.

RESULTS
A total of 359 patients underwent randomization to receive axi-cel (180 patients) 
or standard care (179 patients). At a median follow-up of 47.2 months, death had 
been reported in 82 patients in the axi-cel group and in 95 patients in the stan-
dard-care group. The median overall survival was not reached in the axi-cel group 
and was 31.1 months in the standard-care group; the estimated 4-year overall 
survival was 54.6% and 46.0%, respectively (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.54 to 0.98; P = 0.03 by stratified two-sided log-rank test). 
This increased survival with axi-cel was observed in the intention-to-treat popula-
tion, which included 74% of patients with primary refractory disease and other 
high-risk features. The median investigator-assessed progression-free survival was 
14.7 months in the axi-cel group and 3.7 months in the standard-care group, with 
estimated 4-year percentages of 41.8% and 24.4%, respectively (hazard ratio, 0.51; 
95% CI, 0.38 to 0.67). No new treatment-related deaths had occurred since the 
primary analysis of event-free survival.

CONCLUSIONS
At a median follow-up of 47.2 months, axi-cel as second-line treatment for patients 
with early relapsed or refractory large B-cell lymphoma resulted in significantly 
longer overall survival than standard care. (Funded by Kite; ZUMA-7 ClinicalTrials.gov 
number, NCT03391466.)
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For nearly 30 years, the standard 
second-line treatment of large B-cell lym-
phoma with curative intent has been a mul-

tistep regimen that begins with platinum-based 
chemotherapy, followed in patients who have a 
response by high-dose chemotherapy and autol-
ogous stem-cell transplantation (HDT-ASCT).1 
However, only half the patients in this popula-
tion are likely to be eligible for this approach,2,3 
and of these patients, approximately 20% are ul-
timately cured.4 Outcomes for patients who can-
not proceed to HDT-ASCT are poor, with a median 
overall survival of 4.4 months.5

Axicabtagene ciloleucel (axi-cel), an anti-CD19 
autologous chimeric antigen receptor (CAR) T-cell 
therapy given as a one-time dose, was previously 
approved as a third-line or later treatment.6,7 The 
phase 3 ZUMA-7 trial was designed to compare 
axi-cel with second-line standard-care therapy in 
patients with early relapsed or primary refrac-
tory large B-cell lymphoma.8 The results for the 
primary outcome of event-free survival (according 
to blinded central review) showed that axi-cel 
was superior to standard care (hazard ratio, 0.40; 
P<0.001 by stratified log-rank test). With a me-
dian follow-up of 24.9 months, the median event-
free survival was 8.3 months in the axi-cel group 
and 2.0 months in the standard-care group; at 
24 months, event-free survival was 41% and 16%, 
respectively. A response (according to blinded cen-
tral review) occurred in 83% of patients in the 
axi-cel group and in 50% in the standard-care 
group, with a complete response in 65% and 32%, 
respectively. Here, we report the primary overall 
survival analysis of ZUMA-7 after a protocol-
defined interval of 5 years after the first patient 
underwent randomization.

Me thods

Trial Design and Oversight

The trial design and protocol have been reported 
previously.8 Eligible adult patients (≥18 years of 
age) had histologically confirmed large B-cell 
lymphoma9 that was refractory to first-line treat-
ment or that had relapsed within 12 months after 
first-line chemoimmunotherapy.

Patients were randomly assigned in a 1:1 ratio 
to receive axi-cel or standard care (two or three 
cycles of investigator-selected, protocol-specified 
chemoimmunotherapy followed by HDT-ASCT in 
patients who had a complete or partial response). 
Randomization was stratified according to the 

response to first-line therapy and to the second-
line age-adjusted International Prognostic Index 
(Table S1 in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org). 
In the axi-cel group, optional bridging therapy 
with glucocorticoids was allowed if necessary 
according to the investigator. Additional treat-
ment details are provided in the Supplementary 
Appendix. Although crossover between treatment 
groups was not planned according to the proto-
col (also available at NEJM.org), patients could 
receive subsequent off-protocol therapy, including 
cellular immunotherapy.

The trial was conducted in accordance with 
the principles of the Declaration of Helsinki and 
was funded by Kite. The protocol was approved 
by the institutional review board at each partici-
pating institution. All the patients provided writ-
ten informed consent. The authors collaborated 
on trial design and data collection, analysis, and 
interpretation of the results. The first draft of 
the manuscript was written by the first and last 
authors with sponsor-funded medical writing 
support. All the authors contributed to the writ-
ing of the manuscript and vouch for the accu-
racy and completeness of the data and for the 
fidelity of the trial to the protocol. The authors 
were under a confidentiality agreement with the 
sponsor and had data access. The sponsor par-
ticipated in the assessment of the data.

Outcomes and Assessments

The primary outcome of ZUMA-7 was event-free 
survival (defined as the time from randomization 
to disease progression according to the Lugano 
classification,10 the initiation of new therapy for 
lymphoma, or death from any cause), according 
to blinded central review. Protocol-specified key 
secondary outcomes were the objective response 
(according to blinded central review) and overall 
survival. Other secondary outcomes were pro-
gression-free survival (defined as the time from 
randomization to disease progression according 
to the Lugano classification or death from any 
cause) and event-free survival, according to inves-
tigator assessment because of the per-protocol 
discontinuation of blinded central review after the 
primary analysis of event-free survival had been 
performed. Details regarding disease assessments, 
safety outcomes, management of CAR T-cell–
related adverse events, and exploratory analysis 
methods are provided in the Supplementary Ap-
pendix.

A Quick Take 
is available at 
NEJM.org
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Statistical Analysis

The prespecified primary overall survival analy-
sis was to be conducted in the intention-to-treat 
population after the occurrence of approximately 
210 deaths or no later than 5 years after the first 
patient had undergone randomization; the latter 
criterion triggered the analysis in this article. A 
group sequential testing procedure for overall 
survival was performed to control the overall one-
sided alpha level of 2.5% (see the Supplementary 
Methods).8 We used a log-rank test stratified ac-
cording to randomization factors for the primary 
comparison of overall survival with an efficacy 
boundary (two-sided significance level) of 0.0498. 
In addition to the intention-to-treat analysis, we 
also performed two prespecified sensitivity analy-
ses of overall survival to adjust for the confound-
ing effect of subsequent off-protocol cellular im-
munotherapy in the standard-care group (defined 
as treatment switching).

Efficacy analyses that were based on the in-
tention-to-treat principle included all the patients 
who had undergone randomization. Safety anal-
yses included all the patients who had received 
at least one dose of axi-cel or standard-care treat-
ment according to the protocol. All adverse events 
were reported from randomization through the 
trial visit at 150 days after randomization or until 
a change in lymphoma therapy, whichever came 
first. After day 150, targeted serious adverse events 
were reported through the data-cutoff date, until 
disease progression, or until the initiation of 
new lymphoma therapy, whichever occurred first. 
Serious adverse events that the investigator as-
sessed as being related to axi-cel were reported 
regardless of time of occurrence. Stratified Cox 
regression models were used to provide estimated 
hazard ratios and two-sided 95% confidence in-
tervals for axi-cel as compared with standard 
care. Stratified log-rank P values (two-sided) were 
calculated for overall survival. Additional statis-
tical methods are described in the Supplemen-
tary Appendix.

R esult s

Patients

From January 25, 2018, to October 4, 2019, a 
total of 359 patients were enrolled and random-
ly assigned to receive either axi-cel (180 patients) 
or standard care (179 patients).8 The demograph-
ic and disease characteristics of the patients at 

baseline were similar in the two groups. The 
proportion of patients who were non-Hispanic 
White was larger than the proportions of other 
races or ethnic groups in the two trial groups 
(Table S2). High-risk features were common, in-
cluding 73.5% of the patients with disease re-
fractory to first-line therapy, 30.4% with an age 
of 65 years or older, and 19.5% with high-grade 
B-cell lymphomas that included double-hit lym-
phomas (i.e., containing rearrangement of MYC 
with either BCL2 or BCL6, according to the World 
Health Organization 2016 classification9) accord-
ing to local pathological review.

Efficacy

At a median follow-up of 47.2 months (range, 39.8 
to 60.0), death had been reported in 82 patients 
in the axi-cel group and in 95 patients in the 
standard-care group. The primary analysis of over-
all survival showed a significant improvement in 
overall survival with axi-cel over standard care 
(hazard ratio for death, 0.73; 95% confidence 
interval [CI], 0.54 to 0.98; P = 0.03 by stratified 
two-sided log-rank test). The estimated overall 
survival at 4 years was 54.6% (95% CI, 47.0 to 
61.6) with axi-cel and 46.0% (95% CI, 38.4 to 
53.2) with standard care (Table S3). The median 
overall survival was not reached (95% CI, 28.6 
months to not estimable) with axi-cel and was 
31.1 months (95% CI, 17.1 to not estimable) with 
standard care (Fig. 1). Overall survival with axi-cel 
as compared with standard care is shown across 
key prespecified patient subgroups in Figure S1.

In the standard-care group, 102 patients 
(57.0%) received subsequent off-protocol cellular 
immunotherapy owing to disease progression or 
lack of response (Table S4). Of these patients, 79 
(77.5%) received axi-cel (Table S5). Prespecified 
sensitivity analyses that were designed to assess 
the confounding effect of treatment switching 
on overall survival in the standard-care group 
showed an even greater overall survival benefit 
with axi-cel than with standard care (Fig. S2 and 
Supplementary Results).

Investigator-assessed progression-free surviv-
al confirmed the benefit of axi-cel over standard 
care, with a median progression-free survival of 
14.7 months (95% CI, 5.4 to 43.5) with axi-cel 
and 3.7 months (95% CI, 2.9 to 5.3) with stan-
dard care (hazard ratio, 0.51; 95% CI, 0.38 to 0.67) 
(Fig. 2A). Estimated progression-free survival at 
4 years was 41.8% (95% CI, 34.1 to 49.2) with 
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axi-cel and 24.4% (95% CI, 17.2 to 32.2) with stan-
dard care. Median investigator-assessed event-free 
survival (distinct from the primary outcome of 
event-free survival according to central review8) 
was 10.8 months (95% CI, 5.0 to 25.5) with axi-cel 
and 2.3 months (95% CI, 1.7 to 3.1) with standard 
care, with an estimated 4-year event-free survival 
of 38.9% and 17.3%, respectively (hazard ratio, 
0.42; 95% CI, 0.33 to 0.55) (Fig. 2B).

Safety

The safety analysis set included 170 patients who 
had received axi-cel and 168 who had received 
standard care. All the patients reported at least 
one adverse event; cumulative adverse events of 
any grade and of grade 3 or higher and serious 
adverse events are shown in Table S6 and Table 
S7, respectively. In the safety analysis set, 74 pa-
tients in the axi-cel group and 91 patients in the 
standard-care group died since trial initiation 
(Table 1). Disease progression was the most com-
mon cause of death in both the axi-cel group (51 
patients) and the standard-care group (71 patients). 
A summary of all deaths that occurred since the 

publication of the results of the primary analysis 
of event-free survival8 is provided in Table S8.

Since the previous publication, no changes in 
cumulative treatment-related serious adverse events 
or treatment-related fatal adverse events occurred. 
Since the trial initiation, new or secondary can-
cers were reported in 11 patients (8 in the axi-cel 
group and 3 in the standard-care group, includ-
ing 1 patient with 2 new cancers) (Table S9). No 
cases of replication-competent retrovirus infec-
tion were reported.

Infections of any grade were reported in 76 
patients (44.7%) in the axi-cel group and in 53 
(31.5%) in the standard-care group; infections of 
grade 3 or higher were reported in 28 patients 
(16.5%) and in 20 (11.9%), respectively (Table S10).

B-cell aplasia (undetectable B cells) occurred 
in 62.3% of the patients at 3 months and in 
22.6% at 24 months after infusion in the patients 
in the axi-cel group who were evaluated for B-cell 
levels at these time points (Fig. 3 and Table S11). 
B-cell recovery was observed over time with wide 
interpatient variability. Median B-cell levels were at 
or below the lower limit of quantitation (0.017%) 

Figure 1. Overall Survival.

Shown are Kaplan–Meier estimates of overall survival among the patients who were randomly assigned to receive axicabtagene ciloleu-
cel (axi-cel) or standard care. At a median follow-up of 47.2 months, death was reported in 82 patients in the axi-cel group and in 95 pa-
tients in the standard-care group; the stratified two-sided P value was calculated by means of log-rank testing. Tick marks indicate data 
censoring. NE denotes not estimable, and NR not reached.
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until 6 months after infusion and started to in-
crease at 9 months, which coincided with the dis-
appearance of or very low levels of CAR T cells in 

blood (median, approximately 0.1 cells per cubic 
millimeter at 9 months). Hypogammaglobulinemia 
was reported in 11.2% of the patients in the axi-

Figure 2. Progression-free Survival and Event-free Survival, as Assessed by the Investigator.

Panel A shows Kaplan–Meier estimates of progression-free survival, which was defined as the time from randomization to disease pro-
gression according to the Lugano classification or death from any cause, according to investigator assessment. Panel B shows Kaplan–
Meier estimates of event-free survival, which was defined as the time from randomization to the earliest date of disease progression 
 according to the Lugano classification, the initiation of new therapy for lymphoma, or death from any cause, according to investigator 
 assessment. The secondary outcomes of progression-free survival and event-free survival were reported according to investigator as-
sessment following the per-protocol discontinuation of blinded central review after the primary analysis of event-free survival had been 
performed. Tick marks indicate censoring of data. Stratified Cox regression models were used to provide the estimated hazard ratios 
and two-sided 95% confidence intervals for axi-cel as compared with standard care.
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cel group and in 0.6% of those in the standard-
care group (Table S12). Hypogammaglobulinemia 
that was prolonged (i.e., ≥6 months after the axi-
cel infusion) was reported in 10 patients (5.9%). 
Intravenous immune globulin therapy was ad-
ministered according to investigator discretion 
in 28 patients (16.5%) in the axi-cel group. Pro-
longed cytopenia (i.e., ≥6 months after the ini-
tiation of definitive therapy) of grade 3 or higher 
was reported in 8 patients (4.7%) in the axi-cel 
group, including 6 patients (3.5%) with prolonged 
neutropenia and 2 (1.2%) with prolonged ane-
mia. Among the 62 patients who had undergone 
HDT-ASCT according to the protocol in the 
standard-care group, 1 (1.6%) had thrombocyto-
penia of grade 3 or higher at least 6 months after 
the initiation of definitive therapy (Table S13). No 
new cases of cytokine release syndrome or neu-
rologic events were reported in either trial group 
since the primary event-free survival analysis 
(Table S6 and Supplementary Results).

Exploratory Translational Analyses

Peak CAR T-cell levels and area under the curve 
within the first 28 days after infusion were not 
significantly associated with overall survival (Fig. 
S3). In the axi-cel group, the overall survival ben-
efit was independent of axi-cel product charac-
teristics with two notable exceptions (Table S14): 
improved overall survival was associated with a 
greater proportion of juvenile or stem memory 
T-cell phenotype cells (CCR7+CD45RA+ T cells) 
in the axi-cel product (hazard ratio, 0.57; 95% CI, 
0.36 to 0.92) (Fig. S4A) and with a lower propor-
tion of differentiated T cells — specifically, ef-
fector memory cells (CCR7–CD45RA– T cells) 
(hazard ratio with increased median number, 1.8; 
95% CI, 1.1 to 2.8) (Fig. S4B).

Discussion

In this trial comparing two second-line curative 
treatment strategies for patients with early re-
lapsed or refractory large B-cell lymphoma, axi-
cel resulted in a 27.4% reduction in the risk of 
death and an absolute improvement in survival 
of 8.6 percentage points at 4 years. These find-
ings showed the superiority of axi-cel over sec-
ond-line platinum-based chemotherapy and au-
tologous stem-cell transplantation, the longtime 
standard second-line treatment. Thus, axi-cel is 

Table 1. Deaths among Treated Patients (Safety Analysis Population).*

Death
Axi-cel 

(N = 170)
Standard Care 

(N = 168)

number of patients

Total deaths 74 91

Progressive disease 51 71

Fatal adverse event 8 2

Covid-19 2 0

Sepsis 2† 0

Acute respiratory distress syndrome 0 1‡

Cardiac arrest 0 1‡

Hepatitis B reactivation 1§ 0

Myocardial infarction 1 0

Pneumonia 1 0

Progressive multifocal leukoencepha-
lopathy

1 0

New or secondary cancer 2¶ 0

Other reason‖ 13 18

Covid-19 4 4

Other infection or inflammation 3 7**

Neurologic organ failure 2 0

Respiratory organ failure 1 1

Cardiac organ failure 1 0

Cardiopulmonary and neurologic organ 
failure

0 1

Progressive disease 1†† 0

Unknown 1 5

*  The safety analysis population included all the patients who had received at 
least one dose of axicabtagene ciloleucel (axi-cel) or standard care accord-
ing to the protocol. Covid-19 denotes coronavirus disease 2019.

†  One patient who died of sepsis also had ongoing grade 3 myelodysplastic 
syndrome at the time of death.

‡  In this patient who received high-dose chemotherapy and underwent autolo-
gous stem-cell transplantation, the cause of death was considered by the 
investigator to be related to high-dose chemotherapy.

§  This patient had a history of hepatitis B virus (HBV) infection with positive 
hepatitis B core antibody and surface antigen, but HBV was undetectable on 
polymerase-chain-reaction assay at enrollment, so the patient met the trial 
eligibility criteria. The patient was treated with antiviral therapy for hepati-
tis B viremia and prophylaxis, which had been started during the patient’s 
initial treatment with first-line rituximab-containing chemotherapy. After 
the discontinuation of entecavir, grade 5 fulminant hepatic failure occurred 
because of reactivation of HBV approximately 1 year after the administration 
of axi-cel.

¶  One patient died of acute myeloid leukemia, and one died of lung adeno-
carcinoma.

‖  This category includes fatal events that occurred outside the reporting period 
for adverse events.

**  One patient died from infection with progressive disease.
††  This patient died from euthanasia that was performed because of progres-

sive disease.
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a second-line treatment option in this popula-
tion on the basis of a significant improvement in 
survival, as opposed to a strategy of delaying cel-
lular immunotherapy until after progression or 
an inadequate response to platinum-based chemo-
therapy.

Before the advent of CAR T-cell therapy, pa-
tients who were receiving second-line therapy for 
large B-cell lymphoma and who were unable to 
proceed to definitive therapy with HDT-ASCT had 
poor outcomes, with a median overall survival of 
4.4 months.5 Numerous attempts to improve sur-
vival for patients with second-line curative treat-
ment had been unsuccessful. The most recent 
trial that showed a survival improvement was 
the 1995 Parma study, which was conducted 
before the approval of rituximab.1 Thus, a new 
nonchemotherapy-based second-line approach 
was needed for patients with early relapsed or 
refractory large B-cell lymphoma, which prompt-
ed the design of the ZUMA-7 trial.

Historically, the estimated 3-year overall sur-
vival for patients receiving standard care was 39% 
for those with early relapse and 40% for those 
who had received previous rituximab treatment.11 
Among the patients in both categories, which 
included the population in ZUMA-7, 3-year sur-
vival was under 40%.11,12 In contrast, among the 
patients in the standard-care group in ZUMA-7, 
the estimated 3-year overall survival was 48% at 
3 years and 46% at 4 years, a difference from the 
findings in historical studies that may be due in 
part to the availability of subsequent cellular im-
munotherapy. Despite the increased survival in 
the standard-care group relative to historical 
studies, axi-cel increased survival over standard 
care. The frequency of subsequent cellular im-
munotherapy in our trial was similar to that in 
other contemporary randomized trials of anti-
CD19 CAR T-cell therapies that included a pro-
tocol-specified crossover design.13,14

The improvement in overall survival with axi-
cel over standard care was observed in the inten-
tion-to-treat population, which included patients 
with high-risk features known to confer a poor 
prognosis, such as disease refractory to first-line 
therapy, an age of 65 years or older, and high-
grade B-cell lymphoma. The benefit of axi-cel in 
older patients is of particular interest, because 
patients who would otherwise be considered 
ineligible for definitive therapy with HDT-ASCT 
owing to their age may still qualify for CAR T-cell 
therapy and thus benefit from curative-intent 
therapy.2,3,15 These findings confirm that age alone 
should not be a barrier for consideration of CAR 
T-cell therapy.7,15-17 Other published analyses of 
data from ZUMA-7 showed that axi-cel was as-
sociated with improved quality-of-life measures 

Figure 3. CAR T-Cell and B-Cell Levels.

Shown are median log
10

 values for the percentage of B cells of total leuko-
cytes (Panel A) and the number of chimeric antigen receptor (CAR) T cells 
targeting CD19 in blood (Panel B) from baseline to 24 months after axi-cel 
infusion among evaluable patients. The I bars indicate 95% confidence in-
tervals. A value of 0.017% was the lower limit of quantitation (LLOQ).
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as compared with standard care, including among 
patients who were 65 years of age or older.15,18,19 
Among all the patients in our trial, those who 
received axi-cel had a significantly longer time 
without symptoms or toxic effects, with a clini-
cally important gain in quality-adjusted survival,19 
clinically meaningful improvements in quality of 
life, and faster recovery to baseline as compared 
with standard care.18

The long-term safety profile of axi-cel was 
consistent with data in previous studies.7 The 
protocol-defined reporting period for adverse 
events ended with disease progression or the 
initiation of new lymphoma therapy, both of 
which were disproportionately more common in 
the standard-care group. Fewer patients in the 
standard-care group remained in the adverse-
event reporting period in the trial, so cross-group 
comparisons of adverse events warrant cautious 
interpretation. With CD19-targeted CAR T-cell 
therapy, prolonged cytopenia and immune defi-
ciency, including the induction of B-cell aplasia 
and infection, are anticipated and represent a class 
effect of these therapies owing to target antigen 
expression on nontumor cells.6,20-22 The incidence 
of prolonged cytopenia of grade 3 or higher de-
creased over time, beginning at 6 months after 
axi-cel infusion, and B-cell recovery was ob-
served over time in the majority of patients who 
received axi-cel. The observation of B-cell recov-
ery implies that durable clinical benefit with 
axi-cel may not depend on the indefinite persis-
tence of functional CAR T cells, a finding that is 
consistent with previous results in third-line or 
later treatment.6

Even though these toxic effects may be ex-
pected to decrease over time, the potential for 
long-term persistence and corresponding risk of 
complications require awareness. Clinical moni-
toring of patients treated with CAR T-cell therapy 
and potential use of intravenous immune globu-
lin therapy may be important to mitigate the 
long-term risk of infection in light of the inci-
dence of infections of grade 3 or higher, prolonged 
hypogammaglobulinemia, and B-cell aplasia with 
axi-cel. Furthermore, the death of a patient in 
the axi-cel group from reactivation of hepatitis B 
after late discontinuation of antiviral therapy 
(Table 1) highlights the importance of appropri-
ate screening, monitoring for evidence of reacti-
vation, and the use of prophylactic and suppres-
sive antiviral medications in patients receiving 

B-cell–depleting agents, including anti-CD19 CAR 
T-cell therapy. Finally, although bone marrow 
toxic effects and secondary cancers are known 
potential complications of first- or second-line 
standard chemotherapy (including transplanta-
tion), the immunosuppressive nature of lymphode-
pleting chemotherapy within the axi-cel treat-
ment regimen could also contribute to the risk 
of infection or secondary cancers, so additional 
investigation is warranted. In our trial, new can-
cers were observed in eight patients treated with 
axi-cel and in three patients treated with stan-
dard care (Table S9).

Our trial has several limitations. The propor-
tion of patients who were non-Hispanic White 
was greater than the proportion of other racial 
or ethnic groups, which may reflect access to care 
and the general underrepresentation of diverse 
racial and ethnic groups in clinical trials (Table 
S2). Although favorable outcomes have been ob-
served with axi-cel treatment regardless of race 
or ethnicity,23,24 interventions that are aimed at 
increasing the enrollment of diverse racial and 
ethnic groups in trials should be encouraged, a 
strategy that is supported by recent guidance for 
industry from the Food and Drug Administra-
tion and the National Cancer Plan.25 In addition, 
our trial had specific eligibility criteria, similar to 
most clinical studies. However, previous analyses 
of real-world use of axi-cel as third-line or later 
treatment have shown that patients who would 
have been ineligible for the registrational phase 
1–2 ZUMA-1 trial were able to benefit from axi-
cel.26 Real-world data for axi-cel as second-line 
treatment are currently lacking but will be im-
portant to corroborate our findings.

The superiority of axi-cel over second-line 
platinum-based chemotherapy and HDT-ASCT is 
definitively shown by the primary analysis of over-
all survival, an objective outcome that is not 
subject to observer bias. Also encouraging was 
the stability of overall and progression-free sur-
vival at 4 years. However, although the use of 
axi-cel resulted in long-term survival in more than 
half of treated patients, it is important to con-
tinue to strive to improve patient outcomes. Axi-
cel in an earlier line of treatment may benefit 
patients by providing a product with higher fitness 
— namely, with a greater proportion of T cells 
with more juvenile or stem memory phenotypes 
and an improved therapeutic index, as observed in 
patients with newly diagnosed high-grade large 
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B-cell lymphoma and other cancers.16,27-32 These 
findings, coupled with the improvement in over-
all survival with axi-cel, highlight the impor-
tance of early referral for second-line axi-cel before 
the initiation of platinum-based chemotherapy.

We found that axi-cel as a second-line treat-
ment for patients with early relapsed or refractory 
large B-cell lymphoma was superior to platinum-
based chemotherapy and autologous stem-cell 
transplantation as a curative therapy.
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