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ABSTRACT

Anti-CD19 chimeric antigen receptor (CAR)
T-cell therapies can be effective for diffuse large
B-cell lymphoma (DLBCL), a cancer with lim-
ited treatment options and poor outcomes,
particularly for patients with relapsed or
refractory (r/r) disease. Axicabtagene ciloleucel
(axi-cel) and tisagenlecleucel (tisa-cel) are CAR
T-cell therapies approved by regulatory bodies
for certain patients with r/r DLBCL on the basis
of demonstrated treatment effects in their piv-
otal single-arm trials, ZUMA-1 and JULIET,
respectively. In the absence of head-to-head
trials, the question of whether a valid indirect
treatment comparison (ITC) between axi-cel
and tisa-cel could be performed using existing
evidence is of interest to patients, physicians,
payers, and other stakeholders. This article
addresses that question by summarizing the
current evidence from clinical trials and real-
world studies and discussing the challenges and
limitations of potential analytical approaches

associated with an ITC. Two ITC approaches
attempting to adjust for cross-trial heterogene-
ity between ZUMA-1 and JULIET, matching-
adjusted indirect comparison and regression-
prediction model analysis, were evaluated. After
evaluating the current clinical trial data and
real-world evidence, and present and prior ITC
analyses of axi-cel and tisa-cel, the authors
conclude that a valid comparative analysis is
not currently feasible. The substantial differ-
ences (e.g., timing of leukapheresis and enroll-
ment, use of bridging chemotherapy [90% in
JULIET vs. 0% in ZUMA-1], lymphodepleting
regimens) between the two trials’ designs and
patient populations preclude a robust and reli-
able ITC. No other approaches are able to
account for such differences. The current real-
world data are still too immature to be used for
ITCs. Thus, drawing conclusions from such ITCs
should be avoided to prevent misinforming
treatment choices or limiting patient access to
effective treatment options. Additional data
from ongoing or future real-world studies with
appropriate statistical analyses are needed to
provide insights into the comparative effec-
tiveness and safety of these two treatments.
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Key Summary Points

Why carry out this study?

Anti-CD19 chimeric antigen receptor
(CAR) T-cell therapies can be effective for
diffuse large B-cell lymphoma (DLBCL), a
cancer with limited treatment options and
poor outcomes, particularly for patients
with relapsed or refractory (r/r) disease.

Axicabtagene ciloleucel (axi-cel) and
tisagenlecleucel (tisa-cel) are CAR T-cell
therapies approved for r/r DLBCL on the
basis of demonstrated efficacy and
manageble safety in their pivotal clinical
trials, ZUMA-1 and JULIET, respectively.

As there are no head-to-head trials
comparing axi-cel and tisa-cel, this article
explored the current clinical trial data and
real-world evidence (RWE) to assess
whether a valid indirect treatment
comparison (ITC) could be performed.

What was learned from this study?

The substantial differences between
JULIET and ZUMA-1 trials in study designs
and patient populations preclude a robust
and reliable ITC; ITC approaches are
unable to account for such differences
without substantial and unrealistic
assumptions. Current real-world data are
also too immature to be used for ITCs.

No comparative conclusions from ITC
using existing data can be made, as there
would be significant risk of misinforming
decision-making or limiting patient access
to these treatments.

Additional data from ongoing or future
real-word studies with appropriate
statistical approaches are needed to
provide insights into the comparative
effectiveness and safety of these two CAR
T-cell treatments.

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the
most common type of non-Hodgkin lymphoma
(NHL), constituting up to 40% of NHL cases
globally [1]. In the US, DLBCL comprises 25% of
NHL cases and affects 5.6 per 100,000 people
[2, 3]; in Europe, it affects 3.8 per 100,000 peo-
ple [4]. Around 50–70% of patients with DLBCL
are cured after conventional first-line
immunochemotherapy [5]. The remaining
30–40% of patients either relapse or exhibit
refractory disease after the initial response.
High-dose chemotherapy followed by autolo-
gous stem cell transplantation (ASCT) is the
standard of care during second-line treatment.
However, not all patients are eligible to receive
ASCT because of age, medical history, organ
dysfunction, disease stage, comorbidities, or
other reasons [6]. Patients who are ineligible for
or have failed ASCT can receive salvage
immunochemotherapies, but these therapies
are associated with worse outcomes compared
with ASCT [5]. The CORAL extension studies
retrospectively reviewed the outcomes of
patients with DLBCL who either did or did not
receive ASCT after third-line treatments and
reported the median overall survival (OS) to be
10.0 months and 4.4 months, respectively
[7, 8]. SCHOLAR-1, a multi-cohort retrospective
study, also reviewed the outcomes of patients
with relapsed or refractory (r/r) DLBCL and
reported a median OS of 6.3 months [9]. These
poor outcomes highlight the unmet need for
innovative treatments in patients with r/r
DLBCL.

Anti-CD19 chimeric antigen receptor (CAR)
T-cell therapies can be effective treatments for
patients with r/r DLBCL. CAR T-cell therapy
involves the genetic modification of a patient’s
autologous T-cells to express a chimeric antigen
receptor specific for a tumour antigen [10].
When re-infused into the patient, the CAR
T-cells bind to the antigen on the cancer cell,
exerting a cytotoxic effect. As of 2020, two CAR
T-cell therapies have been approved by regula-
tory bodies for the treatment of certain adult
patients with r/r DLBCL. The US Food and Drug
Administration (FDA) approved axicabtagene
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ciloleucel (axi-cel) in October 2017 and tis-
agenlecleucel (tisa-cel) in May 2018, while the
European Medicines Agency (EMA) licensed
both CAR T-cell therapies in 2018. Other CAR
T-cell therapies have been under development.
For example, lisocabtagene maraleucel is under
review by regulatory agencies but not yet
approved and thus is not discussed in this
article.

Both axi-cel and tisa-cel have demonstrated
efficacy and manageable toxicity profiles in
separate single-arm clinical trials and in the
real-world setting, providing patients with
promising new treatment options for r/r DLBCL
beyond conventional therapies [11–16]. Because
these two CAR T-cell therapies became available
at around the same time, understanding their
comparative effectiveness is of interest to
patients, clinicians, payers, and other stake-
holders to help inform clinical decisions and
maximize patient benefit. Randomized con-
trolled trials (RCTs) are the gold standard for
assessing comparative efficacy and safety; how-
ever, a head-to-head RCT has not been con-
ducted for these two treatments. In the absence
of direct evidence from RCTs, comparative effi-
cacy can be assessed using data from separate
clinical trials and/or real-world studies in an
indirect treatment comparison (ITC). However,
an ITC should be carried out with extreme
caution if there are substantial differences
across studies. For example, data from separate
trials could introduce bias as a result of hetero-
geneity in study design and patient population,
while real-word data could be limited by sus-
ceptibility to multiple sources of bias, such as
lack of quality control surrounding data collec-
tion, variability in follow-up procedures, and
selection bias (i.e., the choice of a CAR T-cell
therapy depends on patient profiles based on
assumed product attributes). While all non-
randomized comparisons face limitations, it is
important to assess whether the magnitude of
the limitations overwhelms any value of inter-
preting comparative findings. Conclusions on
comparative effectiveness based on immature or
unreliable data could mislead treatment choice,
limit patient access to effective treatment
options, and impair resource allocation for
health and medical care systems.

This article addresses the question of whe-
ther a valid ITC of axi-cel and tisa-cel for r/r
DLBCL is possible by summarizing the existing
evidence from clinical trials and real-world
studies and discussing the challenges and limi-
tations of potential analytical approaches asso-
ciated with an ITC. In addition, this article
offers forward thinking on future avenues for
comparative analysis based on additional sour-
ces of evidence that are not presently available.
This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

EVIDENCE FROM CLINICAL TRIALS

Both tisa-cel and axi-cel have demonstrated
durable clinical benefit and manageable toxici-
ties in their pivotal clinical trials JULIET (Clin-
icalTrials.gov identifier: NCT02445248) and
ZUMA-1 (NCT02348216), respectively [11, 12].
JULIET is a single-arm, global, multi-center,
phase II trial of tisa-cel conducted across centers
in North America, Europe, Australia, and Japan
[12]. As of July 2019, 167 patients had met the
clinical eligibility criteria and underwent
leukapheresis; of these, 115 patients were
infused with tisa-cel. ZUMA-1 is an open-label,
single-arm, multi-center, phase I-II trial con-
ducted predominantly in the US (1 center in
Israel) [11]. As of August 2018, 108 patients were
infused with axi-cel across two phases of the
trial (7 in phase I and 101 in phase II).

To assess the feasibility, strengths, and limi-
tations of an ITC comparing JULIET and ZUMA-
1, we assessed similarities and differences in
trial designs, inclusion processes, outcome def-
initions, and patient populations (summarized
in Table 1). When conducting an ITC, it is
important to be able to adjust for cross-trial
differences that have a known or suspected
impact on patient outcomes. These may include
prognostic factors, which impact outcomes
regardless of treatment type, or effect modifiers,
which have different effects on outcomes for
each treatment [17, 18]. It is not usually possi-
ble to distinguish between prognostic factors
and effect modifiers, especially for novel
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therapies. In addition, differences across trials
may stem from the design, enrollment

processes, and outcome definitions, which may
or may not be amenable to statistical
adjustment.

Table 1 Important differences between JULIET and ZUMA-1

JULIET ZUMA-1

Leukapheresis and enrollment Leukapheresis and enrollment were

performed regardless of manufacture slot

availability (cryopreserved cells allow

flexibility for apheresis)

Leukapheresis and enrollment were not

allowed until a manufacture slot became

available (fresh cells require a short time

period between apheresis and

manufacture)

Data on dropouts were available between

enrollment and infusion

No data on dropouts between screening

and slot availability

Bridging chemotherapy use

prior to the recommended

LDC

Allowed (90%) Not allowed (0%)

LDC regimens (fludarabine-

cyclophosphamide,

bendamustine, no LDC)

74% for fludarabine-cyclophosphamide

(25 mg/m2 and 250 mg/m2 for 3 days);

19% bendamustine; 7% no LDC

100% for fludarabine-cyclophosphamide

(30 mg/m2 and 500 mg/m2 for three

days)

Patient selection and

characteristics

r/r DLBCL or tFL, after C 2 lines of

chemotherapy, and either having failed

ASCT or being ineligible for or not

consenting to ASCT

Refractory DLBCL, tFL, PMBCL

ECOG (0/1): 56% / 44% ECOG (0/1): 42% / 58%

Prior ASCT: 49% Prior ASCT: 25%

Prior lines: 49%\ 3 lines Prior lines: 31%\ 3 lines

Relapsed B 12 months post ASCT: 34% Relapsed B 12 months post ASCT: 21%

Double/triple hits: 17% Double/triple hits: 4%

Bulky disease: 8% Bulky disease: 16%

Stem cell transplantation post

infusion

6% 11%

Retreatment with CAR T-cell

therapy

No retreatment with tisagenlecleucel 9% retreated with axicabtagene ciloleucel

Outcome definitions CRS graded by the Penn grading system

Response assessed by the Lugano criteria

CRS graded by the Lee grading system

Response assessed by the Revised

International Working Group Criteria

ASCT autologous stem cell transplant, CAR T-cell chimeric antigen receptor T-cell, CRS cytokine release syndrome,
DLBCL diffuse large B-cell lymphoma, ECOG Eastern Cooperative Oncology Group, LDC lymphodepleting
chemotherapy, ORR overall response rate, PMBCL primary mediastinal B-cell lymphoma, r/r relapsed or refractory,
tFL transformed follicular lymphoma
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A best practice when conducting an ITC is to
document all discernible similarities and dif-
ferences across trials, to employ statistical
analyses to adjust for factors that, based on
clinical input, are known or suspected con-
founders, and to note the limitations arising
from any cross-trial differences that are not
amenable to statistical adjustment. There are
some similarities between JULIET and ZUMA-1,
principally that they both enrolled patients
with refractory DLBCL, were open-label single-
arm trials, required eligible patients to have
received prior chemotherapy and have Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status of 0 or 1 at screening, and assessed
similar end points (e.g., overall response rate
[ORR] as the primary end point). However,
there are multiple important differences as
summarized below.

Patient Journey from Screening to CAR
T-cell Infusion

A consideration of the patient journey from
screening through eligibility, leukapheresis,
enrollment, and treatment in JULIET and
ZUMA-1 reveals some important differences in
the trial designs (Fig. 1). These differences stem
from the screening and manufacturing process
that is necessary for CAR T-cell therapy. As CAR
T-cells are designed to transduce a patient’s
autologous T-cells, the T-cells first need to be
collected via leukapheresis and then genetically
modified to be able to fight the cancer before
infusing to patients. The manufacturing process
of CAR T-cell therapy begins after leukapheresis
and receipt of the cells by the processing labo-
ratory. From this point, it may take 3–4 weeks
before the modified T-cells are returned to the
treatment center for infusion [19]. The two tri-
als used different approaches to allocate manu-
facturing capacity to eligible patients. In ZUMA-
1, enrollment occurred only once a manufac-
turing slot was confirmed and leukapheresis was
then commenced. Conversely, in JULIET,
patient enrollment was independent of manu-
facturing slot availability; leukapheresis could
occur prior to a confirmed manufacturing slot,

and the wait for a manufacturing slot could
occur after enrollment for some patients.

This difference creates several important
sources of potential bias. First, patients and
their physicians may have selected different
trials based on patients’ clinical status and the
expected times to receive therapy. Second, a
trial with broader enrollment and longer times
to infusion would be expected to have greater
observed mortality between enrollment and
infusion than a trial that enrolls more selec-
tively to minimize the time to infusion. Finally,
when measuring the effect of treatment, there
are several time points of interest from which
treatment can be considered to have started:
enrollment, leukapheresis, and infusion. The
aforementioned differences across trials would
result in different biases for each of these time
points. In particular, because r/r DLBCL is
associated with a high mortality risk, longer
waiting times can result in survival bias. To
further complicate matters, the manufacturing
timelines experienced in these trials prior to
market authorization are not reflective of cur-
rent real-world timelines. These differences in
the process for patient inclusion and treatment
result in complex and likely substantial sources
of bias that cannot be addressed with statistical
adjustments (i.e., the patients in JULIET and
ZUMA-1 were subjected to different selection
processes), and we cannot estimate how the
ZUMA-1 patients would have fared under the
enrollment process of JULIET or vice versa.

Bridging Therapy After Enrollment

A second substantial difference between trials
concerns the use of bridging chemotherapy.
The JULIET trial allowed the use of bridging
treatment prior to the lymphodepleting
chemotherapy (LDC) to maintain patients with
a poor prognosis while they were waiting for
infusion, and the majority (90%) of patients
received bridging chemotherapy, whereas
bridging treatment was not allowed in ZUMA-1
per the trial protocol. Patients in JULIET who
received bridging chemotherapy generally
experienced worse outcomes compared to those
who did not (e.g., the 12 month progression-
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free survival [PFS] rates were 32% vs. 61%,
respectively). Bridging chemotherapy is con-
sidered important for providing disease control
while patients are awaiting CAR T-cell infusion,
and most patients who are treated with either
tisa-cel or axi-cel in the real-world setting have
received bridging chemotherapy
[15, 16, 20–25]. Similarly, a real-world study of
patients receiving axi-cel reported that those
who received bridging chemotherapy before
infusion had significantly poorer OS and PFS
compared to those who did not (OS: hazard
ratio [HR] = 3.34, p\0.01; PFS: HR = 1.43,
p = 0.04). Given this negative impact on patient
outcomes, any comparative analyses of JULIET
and ZUMA-1 would be confounded by the
drastically different use of bridging chemother-
apy within them (i.e., 90% vs. 0% receiving it)
[20, 21].

Even if one was to attempt to adjust for the
difference in bridging therapy, the analysis
would remain unreliable for two reasons. First
and most importantly, the lack of bridging
therapy does not have the same clinical

meaning in JULIET and ZUMA-1. Specifically,
all patients in JULIET could receive bridging
therapy, but some did not because of clinical
decisions made after enrollment (presumably
because it was deemed unnecessary or they were
not expected to tolerate it). In contrast, the
protocol of ZUMA-1 did not permit bridging
chemotherapy, and patients chose to enroll in a
trial where it was not allowed or accessible,
despite any changes in their clinical status after
enrollment. Second, even if the lack of bridging
therapy had the same meaning across trials, the
proportion of patients in JULIET who did not
receive it was so small that adjustment for this
single factor would limit the JULIET population
to 10% of its original size, precluding adjust-
ment for other important confounding factors
without extrapolation beyond the observed
data.

Fig. 1 Patient journey from screening to CAR T-cell
infusion for JULIET and ZUMA-1. The figure was
developed by the authors based on trial protocols of
JULIET and ZUMA-1 and was validated by clinical

experts. axi-cel axicabtagene ciloleucel, CAR T-cell
chimeric antigen receptor T-cell, tisa-cel tisagenlecleucel
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Lymphodepleting Chemotherapy
Regimen

Prior to the CAR T-cell infusion, LDC can pre-
vent an anti-CAR immune response and help
the infused CAR T-cells proliferate. Both JULIET
and ZUMA-1 allowed LDC, but the regimens
differed. All patients in ZUMA-1 received flu-
darabine-cyclophosphamide (Flu/Cy)
chemotherapy (30 mg/m2 and 500 mg/m2,
respectively, for 3 days), while JULIET used a
more flexible dosing protocol. Specifically, 74%
of JULIET patients were treated with Flu/Cy
chemotherapy at a lower dose (25 mg/m2 and
250 mg/m2, respectively, for 3 days), and 19%
received bendamustine (90 mg/m2 intra-
venously [IV] daily for 2 days). In addition, 7%
of patients in JULIET did not receive any LDC if
their white blood cell count was B 1000 cells/lL
within 1 week prior to tisa-cel infusion [21]. In a
post-hoc analysis of the JULIET trial, patients
who received Flu/Cy LDC achieved numerically
better outcomes compared to those who
received bendamustine or no LDC (ORR: 57.6%
for Flu/Cy vs. 40.9% for bendamustine vs. 25%
for no LDC) [21]. Such a discrepancy in the
application of LDC regimens could potentially
confound an ITC.

Patient Baseline Characteristics

Several differences exist in the baseline charac-
teristics of patients in the JULIET and ZUMA-1
trials. Although both trials enrolled patients
with DLBCL and transformed follicular lym-
phoma, ZUMA-1 also enrolled patients with
primary mediastinal B-cell lymphoma (PMBCL).
In a subgroup analysis of ZUMA-1, patients with
PMBCL achieved better outcomes compared to
patients with DLBCL [26]. In addition, the
ECOG Performance Status scores, the propor-
tions of patients who received prior ASCT, the
numbers of prior lines of therapy, the propor-
tions of patients who relapsed\12 months post
ASCT, and the proportions of patients with
double/triple gene hits (c-MYC, BCL-2, and/or
BCL-6) were different between the two trials.

Subsequent Therapies

There were also differences in subsequent
treatments after the initial study drug infusion.
Some eligible patients in ZUMA-1 received a
second infusion of axi-cel, while no patients in
JULIET were re-treated after the initial infusion
of tisa-cel. Also, a higher proportion of patients
received a stem cell transplant (SCT) after infu-
sion in ZUMA-1 (11%) than in JULIET (6%).

Outcome Definitions

Outcomes were measured differently in the two
trials. For example, the primary end point of the
trials, ORR, was assessed in JULIET using the
Lugano classification by a central independent
review committee, while in ZUMA-1, ORR was
assessed using the International Working Group
Response Criteria as determined by the study
investigators. Additionally, different systems
were applied to grade cytokine release syn-
drome (CRS); the Penn grading system was used
in JULIET while the Lee grading system was
used in ZUMA-1. Compared to the Lee grading
system, the Penn grading system is more likely
to result in a higher evaluated grade of CRS
[27, 28]. In addition, adverse events (AEs) were
reported over different time periods in the trials.
In JULIET, all AEs were reported through the
12-month visit and selected AEs were reported
through the 60-month visit. In ZUMA-1, the
reporting period was shorter. All AEs were
reported for 3 months after infusion, and
selected AEs were reported up to 24 months
after infusion or disease progression.

Overall, these cross-trial differences are sub-
stantial in magnitude and involve factors that
are already known to be predictive of outcomes
in DLBCL. For these reasons, we believe it is
evident that an ITC between JULIET and ZUMA-
1 would be subject to major limitations pre-
cluding any reliable conclusions about com-
parative efficacy or safety.
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INVESTIGATION OF POTENTIAL
ANALYTICAL APPROACHES
TO ADJUST FOR CROSS-TRIAL
DIFFERENCES BETWEEN JULIET
AND ZUMA-1

To further explore and illustrate the limitations
of conducting a valid ITC, we investigated well-
established and commonly used analytical
approaches in an attempt to adjust for cross-
trial heterogeneity between the two pivotal tri-
als. Given that JULIET and ZUMA-1 are single-
arm trials, anchor-based ITC approaches (e.g.,
Bucher’s method [29] and network meta-analy-
sis [NMA] [30]) are not feasible [29]. In this
scenario, a population-adjusted ITC approach in
the unanchored setting is usually considered
[17, 18]. Without access to patient-level data in
both of the trials, traditional statistical methods
such as propensity score matching cannot be
used to adjust for heterogeneity between the
trials.

Two analytical approaches, matching-ad-
justed indirect comparison (MAIC) and simu-
lated treatment comparison (STC) [31–34], are
discussed in this article because both are com-
monly used ITC approaches considered by
heath technology (HTA) assessment bodies
(e.g., the National Institute for Health and Care
Excellence [NICE]) [35–38]. Both approaches
adjust for between-trial differences in the dis-
tribution of variables that influence outcomes,
utilizing patient-level data for one treatment
along with aggregate trial-level data for the
other treatment [17, 35–38]. Specifically,

(1) The MAIC method matches average
patient characteristics between trials by
applying propensity score-based weights
(estimated via a propensity model) to each
patient from the trial with patient-level
data available [31]. Weighted outcomes are
then compared across balanced trial
populations.

(2) The STC method fits a prediction model
(i.e., a regression model) of relevant
patient characteristics to each outcome
using patient-level data from one trial
[33, 34]. This model is then used to predict

the outcomes for a population having the
same baseline profile as in the other trial;
the contrast between the predicted and
observed outcomes in this population
serves as the estimated treatment effect
[17].

Critical assumptions for both approaches are
that all confounding factors have been included
in the adjustment and that the model is cor-
rectly specified (i.e., the propensity score model
for a MAIC and the prediction model in an
STC). This assumption is strong and may not be
met in some situations [17]. Before interpreting
a MAIC or STC, it is necessary to consider
whether all important known or suspected
confounding factors can be addressed through
either of these statistical methods.

Two MAICs and an STC (referred to as a CAR-
T prediction model analysis) were evaluated in
this review. The OS outcome was selected for
these analyses because it was consistently
defined across trials (i.e., as the time from
infusion to death due to any cause for infused
patients), unlike other response and safety
outcomes.

Matching-Adjusted Indirect Comparison

Two MAIC analyses have been conducted to
indirectly compare tisa-cel and axi-cel using
data from JULIET and ZUMA-1.

(1) One was conducted by the authors, which
reweighted JULIET patients to match the
characteristics of ZUMA-1 patients using
patient-level data from JULIET and aggre-
gate data from ZUMA-1. After matching,
the estimated HR between tisa-cel and axi-
cel was 1.90 (95% confidence intervals [CI]:
1.28, 2.82). Figure 2 illustrates the OS
curves from the adjusted JULIET data and
the observed ZUMA-1 data.

(2) The other MAIC was conducted by Olu-
wole et al. and matched ZUMA-1 patient
characteristics to those of JULIET patients
using patient-level data from ZUMA-1 and
aggregate data from JULIET [39]. The HR
estimated between tisa-cel and axi-cel was
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2.27 (1.47, 3.45) when matching to JULIET
patients.

The two MAICs would not be expected to
produce identical results, even if both were
valid and interpretable, as the two analyses
compared OS for different matched populations
(i.e., adjusting JULIET patients to match the
ZUMA-1 population and vice versa). Besides
matching to different patient populations, dif-
ferent matching factors were considered in the
two analyses. For example, the MAIC by the
authors matched more baseline characteristics
(including sex, prior ASCT, and bulky disease)
than the MAIC by Oluwole et al. It is not clear
how these factors could be ruled out as being
potential confounding factors. Conversely, dis-
ease stage was matched in the MAIC by Oluwole
et al. but not in the one by the authors, because
no published ZUMA-1 data on disease stage
were available at the time of our analyses. The
detailed list of adjusted variables for both
MAICs is summarized in Table 2.

Besides the differences in matched baseline
characteristics, a larger issue is that both MAICs
are subject to major limitations due to cross-
trial differences that cannot be addressed via
statistical adjustment. As described in the prior
section, the timing of leukapheresis and
enrollment, use of bridging chemotherapy, LDC
regimen, and the treatment regimens received
following CAR T-cell infusion systematically
differed between trials and could not be inclu-
ded in the adjustments. Because these variables
may be prognostic of patient outcomes, the
inability to adjust for them would render the
results from both analyses unreliable. In addi-
tion, given the multiple substantial and inter-
related differences across trials, it is not possible
to discern the likely direction or magnitude of
any bias.

CAR-T Prediction Model Analysis

A CAR-T prediction model analysis was also
performed by the authors to extrapolate OS for
tisa-cel in a hypothetical population similar, in
terms of patient characteristics, to those enrol-
led in the ZUMA-1 trial [17] (the list of adjusted
variables is shown in Table 2). Compared to the

MAICs, which cannot directly extrapolate
beyond the observed data, the CAR-T prediction
model approach allows extrapolation of out-
comes to populations that are not well repre-
sented by the source population. In particular,
this approach was used to extrapolate the
JULIET outcomes to a population who did not
receive bridging therapy and received different
LDC regimens. While this extrapolation incurs
multiple additional limitations (i.e., extrapola-
tion in general is unreliable and, as described
above, the meaning of lack of bridging therapy
differs across trials), it is helpful here as an
exploratory and illustrative tool.

In this CAR-T prediction model analysis, a
multivariable Cox model was developed for OS
using patient-level data from the JULIET trial.
The model was used to predict the efficacy of
tisa-cel, via extrapolation, in a hypothetical
patient population with a similar set of patient
characteristics as ZUMA-1, including 0%
receiving bridging chemotherapy and 100%
with fludarabine-based LDC. In this analysis,
tisa-cel was associated with a numerically longer
OS than axi-cel (tisa-cel vs. axi-cel, HR [95% CI]:
0.75 [0.48, 1.18]), contrary to both of the MAIC
results described above. The adjusted tisa-cel OS
curve assuming tisa-cel had been used to treat
the ZUMA-1 patient population and the
observed ZUMA-1 OS curve are shown in Fig. 2.

The CAR-T prediction model made extrapo-
lations based on factors that could potentially
impact OS, particularly bridging chemotherapy
and LDC regimens, which could not be
accounted for using MAIC. However, it may
have induced additional bias by assuming that
the predicted outcome for the average patient
equalled the average of the predicted outcomes
across patients. Such an assumption is not likely
to be met in non-linear prediction models (e.g.,
a Cox model of OS) [33]. In addition, only 11
patients in JULIET did not receive bridging
chemotherapy. The small number of events
introduced additional bias as those patients
may not be representative of those who require
bridging chemotherapy.

The ITCs investigated here are commonly
employed analytic approaches, but there is no
guarantee that any methodology, no matter its
operating characteristics and general
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acceptability, can produce a valid and reliable
comparison across non-randomized treatment
groups. In the case of comparison between
JULIET and ZUMA-1, both approaches are sub-
ject to major limitations due to substantial dif-
ferences in trial designs and patient populations
that cannot be accounted for by statistical
adjustments. It is notable that the different
methods led to contradictory conclusions, fur-
ther demonstrating the high risk of drawing

incorrect conclusions by any comparison across
trials that substantially differ.

REAL-WORLD EVIDENCE

In addition to data from clinical trials, real-
world evidence (RWE) is another potential data
source for comparative analysis. Real-world
clinical practice does not always follow clinical

Fig. 2 Observed tisa-cel OS, observed axi-cel OS, and
adjusted tisa-cel OS based on the MAIC and CAR-T
prediction model1-4. axi-cel axicabtagene ciloleucel, CAR-
T chimeric antigen receptor T-cell therapy, ITC indirect
treatment comparison, LDC lymphodepleting chemother-
apy, MAIC matching-adjusted indirect comparison,
OS overall survival, tisa-cel tisagenlecleucel. 1Adjusted
tisa-cel OS from the CAR-T prediction model: expected
OS for tisa-cel assuming that tisa-cel had treated patients
with similar patient characteristics as those from ZUMA-1.
The prediction model was built based on tisa-cel patient-
level data from JULIET. Due to the small number of
events for several key predictors (e.g., only 11 out of 115
patients did not receive bridging chemotherapy in

JULIET), this method was not reliable. 2Adjusted tisa-cel
OS from the MAIC: expected OS for tisa-cel among
patients who had similar patient characteristics to those
from ZUMA-1. Due to missingness of important effect
modifiers (i.e., use of bridging chemotherapy and LDC
regimens), this method was also not reliable. 3Substantial
differences (i.e., enrollment, bridging chemotherapy usage,
LDC regimens, etc.) between JULIET and ZUMA-1
preclude any reliable ITC being conducted; if conducted,
two ITC methods (MAIC and CAR-T prediction model)
provide contradictory conclusions as shown in the figure.
4The proportional hazards assumption was not rejected in
any Cox models in the analyses
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trial specifications, which potentially reflects
the evolution of clinical practice and the
broader and more heterogeneous patient pop-
ulation in the real world. Regulatory bodies
such as the FDA have a long history of using
RWE to inform trial design and to monitor
safety and evaluate effectiveness after drug
approval [40]. RWE has played an increasingly
important role in treatment evaluations, par-
ticularly in the settings of oncology and rare
diseases.

A number of real-world studies of patients
receiving tisa-cel or axi-cel have been conducted
in the US and in Europe since the approval of
these therapies. Riedell et al. retrospectively
analyzed data from patients who underwent
apheresis for commercial use of tisa-cel or axi-

cel from eight US academic centers [15]. Data
collection in that study began following the
FDA approval of tisa-cel when centers had the
choice to prescribe either tisa-cel or axi-cel.
Among 244 patients who received a CAR T-cell
treatment, 158 were treated with axi-cel and 86
were treated with tisa-cel. More axi-cel than
tisa-cel patients were treated in the inpatient
setting (92% vs. 37%, respectively), and the
majority of both cohorts received bridging
chemotherapy (61% and 75%, respectively).
The high rates of bridging chemotherapy could
indicate that, in real-world practice, most
patients cannot wait without bridging therapy
during manufacture before receiving infusion.
The two cohorts described in Riedell et al. had
different demographic and clinical

Table 2 List of adjusted variables in the three population-adjusted ITCs

MAIC by Oluwole et al.
(Adjusted 7 variables)

MAIC by the authors
(Adjusted 10 variables)

CAR-T prediction model by the authors
(Adjusted 13 variables)

Cell of origin (e.g., DLBCL/other

types of LBCL)

Predominant histology

(DLBCL ? tFL vs. other)

Predominant histology

(DLBCL ? tFL vs. other)

IPI score (\ 2 vs. C 2) IPI (\ 3 vs. C 3) IPI (\ 3 vs. C 3)

ECOG (1 vs. 0) ECOG (1 vs. 0) ECOG (1 vs. 0)

Number of prior therapies

(\ 3, 3, or C 4)

Prior lines of therapy

(\ 3 vs. C 3)

Prior lines of therapy (\ 3 vs. C 3)

Relapsed/refractory disease

(relapsed/refractory)

History of refractory disease

(yes vs. no)

History of refractory (yes vs. no)

Double/triple hit (yes vs. no) Double/triple hits (yes vs. no) Double/triple hits (yes vs. no)

Disease stage (\ 3, 3, or 4) Sex

Prior ASCT (yes vs. no)

Relapse B 12 months post-ASCT

(yes vs. no)

Bulky disease (C 10 cm vs.\ 10 cm)

Sex

Prior ASCT (yes vs. no)

Relapse B 12 months post-ASCT (yes vs. no)

Bulky disease (C 10 cm vs.\ 10 cm)

Bridging chemotherapy (yes vs. no)

Fludarabine-based LDC (yes vs. no)

Bendamustine-based LDC (yes vs. no)

Variables that were only able to be adjusted for in the prediction model are in bold type
ASCT autologous stem cell transplant, CAR-T chimeric antigen receptor T-cell therapy, DLBCL diffuse large B-cell
lymphoma, ECOG Eastern Cooperative Oncology Group, IPI International Prognostic Index, ITC indirect treatment
comparison, LBCL large B-cell lymphoma, LDC lymphodepleting chemotherapy, MAIC matching-adjusted indirect
comparison, tFL transformed follicular lymphoma
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characteristics. For example, tisa-cel recipients
were older than axi-cel recipients (median age:
67 vs. 59 years, respectively) and more heavily
pre-treated (86% vs. 73% with C 3 prior thera-
pies). Riedell et al. concluded that the efficacy in
the commercial setting appeared similar to
outcomes observed in the pivotal clinical trials.
At day 90 post-infusion, 64% of axi-cel patients
achieved objective response (OR) with 53%
achieving complete response (CR), while 51% of
tisa-cel patients achieved OR including 42%
with CR. Median OS was not reached for either
cohort due to the short follow-up (median: 7.6
and 6.2 months for the axi-cel and tisa-cel
cohorts, respectively).

When AEs were examined in Riedell et al.,
tisa-cel was found to be associated with fewer
CRS and neurologic events compared to axi-cel,
which impacted healthcare resource use. For
instance, patients treated with axi-cel had
longer hospital stays than tisa-cel patients
(median: 16 vs. 2 days, respectively) as well as
increased incidence of intensive care unit
transfer (39% vs. 7%) and greater use of tocili-
zumab (61% vs. 15%) and steroids (53% vs. 8%)
[15]. Additionally, it has been observed that the
management and grading of CRS in the real
world (using the American Society of Trans-
plantation and Cellular Therapy system) differ
from that of clinical trials [15]. Early use of
corticosteroids and prophylactic use of tocili-
zumab in the real world may have reduced the
recorded incidence of severe CRS in patients
with DLBCL receiving CAR T-cell therapies.
While it might be expected that deviations from
strict clinical trial specifications might lead to
poorer outcomes, Riedell et al.’s reported out-
comes in patients treated with tisa-cel and axi-
cel in the real-world are similar to those repor-
ted in the pivotal clinical trials [15]. However,
the values should not be compared directly
without controlling for differences in patient
populations, such as the difference in bridging
chemotherapy rates, which may have an impact
on the outcomes [20].

The Center for International Blood and
Marrow Transplant Research (CIBMTR) registry
is another source providing RWE for both tisa-
cel and axi-cel [13, 14], although the follow-up
times are still very short at the time of reporting

(4.5 months for tisa-cel and 6.2 months for axi-
cel). The tisa-cel cohort included 116 patients
(median age of 65 years); 41% had double/triple
hit lymphoma and 27% had transformed lym-
phoma. The ORR for tisa-cel was 58% with 40%
of patients achieving CR. The OS and PFS rates
at 3 months were 79.6% and 61.6%, respec-
tively. While the efficacy results for tisa-cel in
the real world were similar to the efficacy data
reported in the JULIET trial, the rates of CRS
(4% for grade 3?) and neurotoxicity (5% for
grade 3?) were lower [13]. The axi-cel cohort
included 533 patients (median age of 61 years);
36% had double/triple hit lymphoma and 30%
of patients had transformed lymphoma. The
ORR rate was 74%, with 14% of patients with
reported CRS (grade 3?) and 61% with reported
neurotoxicity (any grade). In the real-world
setting, similar efficacy and safety for axi-cel
were observed as in the ZUMA-1 trial, with
additional data focusing on older patients
(aged C 65 years) whose results were similar to
the younger patients (aged\ 65 years) [14].
However, it is noted that there were differences
in baseline characteristics among patients trea-
ted with tisa-cel or axi-cel. For example, the
patients who received tisa-cel were older than
those who received axi-cel (median age: 65 vs.
61 years, respectively). In addition, more
patients who received tisa-cel had double/triple
gene hits than those who received axi-cel (41%
vs. 36%, respectively). The CIBMTR registry
plans to follow 1500 treated patients for each
therapy for 15 years and will provide more evi-
dence for comparative analyses between tisa-cel
and axi-cel when longer follow-up data become
available. With the availability of long-term
CIBMTR data, analytical approaches such as
propensity score matching or weighting using
patient-level data can be potentially imple-
mented to adjust for the differences in patient
characteristics.

In addition to the above-mentioned studies,
a number of other real-world studies evaluating
the efficacy and safety of tisa-cel and axi-cel
have been conducted all over the world
[16, 20, 22–25, 41–46]. These studies will help
provide further information on the treatment
outcomes and clinical practice in the real-world
setting. At the time of writing this article, those
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studies are limited by short follow-up periods
(the reported median follow-up times ranged
from 4–7 months) and small sample sizes (e.g.,
\ 100 in most studies). Thus, the currently
existing evidence from real-world studies of tisa-
cel and axi-cel are still too immature to allow for
comparative analysis.

DISCUSSION

The clinical trials and RWE have demonstrated
that tisa-cel and axi-cel are both effective treat-
ments for patients with r/r DLBCL. While robust
comparative data between these two therapies
are needed for clinical and economic decision-
making, a valid ITC using the existing evidence
from clinical trials and RWE is not currently
feasible. The substantial differences in trial
design and patient characteristics between
JULIET and ZUMA-1 preclude a reliable ITC
between these two treatments. Due to these
cross-trial differences, different ITC methods
(i.e., MAIC and a CAR-T prediction model) can
lead to different conclusions about comparative
OS. Such differences have also been noted by
other researchers, who suggested that further
studies are needed in the absence of a head-to-
head trial between the therapies [19, 47–51].

Existing real-world studies provide valuable
information on the safety and short-term
effectiveness of tisa-cel and axi-cel, especially in
the studies where both CAR T-cell therapies
were available and prescribed to patients in a
similar setting (e.g., allowance of bridging
chemotherapy) [15, 42, 45, 52, 53]. However,
there are noticeable differences in the patient
populations using tisa-cel and axi-cel in the
real-world, and the data are still too immature
to allow for comparative analysis because of the
short follow-up times and small sample sizes.
Additional data collected from ongoing real-
world studies, such as Riedell et al., Jaglowski
et al., and Pasquini et al. [13–15], as well as
similar future real-world studies, can provide
further insights and valuable data to assess these
two therapies. Besides ongoing and planned
studies in the US, several real-world studies are
being conducted in Europe which can provide
more RWE. For instance, the European Society

for Blood and Marrow Transplantation (EBMT)
is collecting information on patients treated
with tisa-cel or axi-cel for the EBMT Registry
[54]. In addition, access to patient-level data of
both therapies by the investigators of these real-
world studies can allow them to control for
imbalances in the patient population and thus
could potentially overcome the issue of selec-
tion bias and ensure a fair comparison. How-
ever, there may still be unobserved effect
modifiers, such as physicians’ preferences in
assigning different treatments based on
patients’ disease status and safety concerns as
well as reimbursement restrictions that could
limit patients’ access to both therapies.

As demonstrated by the contradictory con-
clusions from the MAICs and the CAR-T pre-
diction model analysis, the risk of drawing
incorrect conclusions from unreliable analyses
is high. It is critical to note the limitations
associated with such ITC analyses and interpret
any ITC results with extreme caution, especially
where there are substantial differences between
the trials. Clinical and treatment decisions
should not be informed based on the current
ITC results. Incorrect interpretation of such
results could have a substantial impact on
patients and on healthcare systems. Patients
could be denied access to therapies that
appeared to demonstrate poor efficacy and/or
safety in comparative effectiveness studies that
were subject to severe limitations. Furthermore,
any restriction of patient access to medically
necessary care and/or medications could pro-
long suffering and reduce the potential for
patients to make a full recovery [55]. A 2019
study reported that the social value of CAR
T-cell therapy for r/r DLBCL in the US was
greatly limited by treatment delays, with 4.2%,
11.5%, and 46.0% of social value lost after 1, 2,
and 6 months of treatment delays, respectively
[56]. In addition, such restrictions fail to
acknowledge that practitioners and patients
should make individualized treatment decisions
and to recognize the unique and non-inter-
changeable nature of medical care [57, 58].
Patient access to comprehensive, quality health
care services is essential for promoting and
maintaining physical, social, and mental
health, preventing and managing disease,

3052 Adv Ther (2020) 37:3040–3058



reducing unnecessary disability and premature
death, improving quality of life, and achieving
health equity [56, 59–61].

A well-designed head-to-head RCT is the
most reliable approach to assess comparative
effectiveness. However, such an RCT is not
always feasible or practical for innovative ther-
apies (e.g., advanced therapy medicinal prod-
ucts) in rare diseases. To support timely patient
access to those novel treatments in populations
with high and urgent unmet needs, compara-
tive evidence based on ITCs across suitably
similar trials can be valuable for regulators and
HTA bodies to inform decision making. Path-
ways to accelerate drug evaluation by leveraging
additional sources of evidence have been
developed [32]. Regulators, such as the the US
FDA, have accepted data from single-arm trials
as substantial evidence supporting accelerated
approval of novel treatments [62–65]. Support
from regulatory agencies and medical societies
to harmonize the designs of single-arm trials
would be desirable. While such harmonization
is challenging in rapidly evolving therapeutic
areas, it can increase the value of the patient
data collected in a single-arm trial and enable
decision-makers to receive higher quality evi-
dence from external controls or indirect com-
parisons, which may be the best comparative
evidence possible when randomized trials are
not feasible or ethical. Best practices for indirect
comparative analyses and externally controlled
studies using data from single-arm trials have
been put forward by multiple groups, and
additional guidance is under development
[40, 66–70]. Because indirect comparisons are
retrospective and do not have the benefit of
randomization, there is a heightened impor-
tance of the study process and governance to
mitigate risk of bias. These practices include
justifying the choice of included trials (regard-
ing relevance of study design, comparator
treatment, patient population, and outcome
criteria), identifying and accounting for con-
founding factors (e.g., via a systematic review
and input from medical experts), processes for
selecting appropriate ITC methodologies and
sensitivity analyses, defining a priori a statistical
analysis plan, and discussing potential biases (in

terms of measurement, selection, and attrition)
and limitations [71–73].

In addition to indirect comparisons across
trials, well-designed real-world studies that
evaluate multiple treatments in real-world set-
tings can provide valuable comparative evi-
dence. For CAR T-cell therapies in DLBCL, it is
essential to account for the multiple complexi-
ties of care patterns, patient characteristics, and
outcome definitions that could impact com-
parative effectiveness research when designing
or selected real-world data sources. These factors
include patient inclusion/exclusion criteria, use
of bridging chemotherapy (and reasons for use
or non-use), the intervals between screening
and infusion, LDC regimens, and retreatment
with a CAR T-cell therapy. The same study
processes as described above, including gaining
clinical input on potential confounding factors
and the pre-specification of appropriate statis-
tical and sensitivity analyses, will be important
for developing reliable comparative evidence
for CAR T-cell therapies based on RWE.

Given the lack of head-to-head RCTs for CAR
T-cell therapies in DLBCL and the challenges
involved in conducting such trials, comparative
evidence derived from ITCs and real-world data
can play an especially important role in evalu-
ating treatments for DLBCL, provided that the
data sources are suitability similar and that
comparative studies are well designed and
conducted.

CONCLUSIONS

When considering all the available evidence
from clinical trial and real-world settings, it is
concluded that due to substantial differences in
study designs and patient populations, an ITC
to assess comparative effectiveness and safety
between tisa-cel and axi-cel cannot currently
provide reliable results. The pivotal trials of tisa-
cel (JULIET) and axi-cel (ZUMA-1) have funda-
mental and irreconcilable differences in trial
designs and patient populations. Real-world
data have demonstrated that both CAR T-cell
therapies produced durable clinical benefit.
However, due to the short follow-up times, the
RWE is still too immature to allow for valid
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comparative analyses between the two CAR
T-cell therapies.
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