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dvances in hemato-oncology have led to the develop-
ment of chimeric antigen receptor (CAR) T cells thera-
pies that obtained marketing authorization in Europe
to treat hematological diseases in 2018 following
the same 2017 decisions by the FDA: Kymriah (tisagenlecleu-
cel, tisa-cel, Novartis Laboratory) and Yescarta (axicabtagene
ciloleucel, axi-cel, Gilead). The FDA indication for tisa-cel is
as follows: children and young adults up to 25 years of age,
with refractory B-cell acute lymphoblastic leukemia (ALL) or
relapse after transplant or after the second relapse, and adults
with aggressive large B-cell lymphomas, relapsed or refractory
after the second or more line of systemic therapy. Indications
for axi-cel include adults with relapsed/refractory aggressive
large B-cell lymphomas after a second or greater line of systemic
therapy. These authorizations followed the report of favorable
results across noncomparative phase II pivotal clinical trials
with limited follow-up, namely, ZUMA-1 for axi-cel' and the
ELIANA? and JULIET® trials for tisa-cel. Such noncompar-
ative designs for marketing authorization are consistent with
increasing approvals based on limited evidence.* Therefore, we
hypothesized that population and CAR-T-cells effects based on
real-world data (RWD) could differ from those observed in such
single-arm clinical trials.
We thus aimed to compare the characteristics and outcomes
of the patient population being treated in the commercial setting
to those of published data from the pivotal trials.
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In the present analysis, we used RWD from our centers collected
in a national registry (DESCAR-T) approved by the French Health
Authorities to collect detailed information for CAR-T cells in real
life from July 2018, and supported by four academic cooperative
groups on lymphoma, ALL and multiple myeloma.® In addition to
data from the phase 2 uncontrolled trials that were the basis of the
marketing authorizations, we also selected the experimental arm
from one further RCT (BELINDA)® given that its target popula-
tion was similar to that of the pivotal JULIET trial.

To compare the outcome of both the trial and RWD popula-
tions, we used a new approach, the matching-adjusted indirect
comparison (MAIC) to balance groups and thus reduce poten-
tial “confounding by indication” bias.® Its principle is to reweight
the individual patient data (IPD) (in this case, patients from real
life), such that their mean characteristics that may affect the out-
come (prognostic variables) or treatment effect (effect modifiers)
are balanced with those of the patients enrolled in the trials, as
described in the published data.” Applying these weights allows
the IPD to exactly match the mean of all the characteristics of
the aggregated trial group. In this way, confounding biases are
removed, and the patient outcomes can be roughly compared
across the groups in the weighted sample. Thus, after weighting
the DESCAR-T population, it has become close to the trial pop-
ulation, so the differences in outcomes can be attributed to the
RWD versus the trial setting.

Two main outcomes were assessed, overall survival (OS)
and event-free survival (EFS), both measured from the date of
reinfusion of CAR-T cells. Events of interest were progression,
relapse or death, whichever occurred first. Data were exported
on October 13, 2021.

A search for potential confounders and effect modifiers was
first performed using expert opinion (A.B., N.B., C.T.) and the
literature,'® with a standardized form derived to record infor-
mation from published data and IPD. To assess the imbalances
between treatment groups, the standardized mean difference
was computed.' We computed weights for the RWD to match
the trial means of all the predictors available for both datasets.
The effective sample size (ESS) was computed as a measure of
information provided by the weighted dataset. A small ESS, rel-
ative to the original sample size, is an indication that the weights
are highly variable and that the estimate may be unstable.
Survival trial data were obtained by digitizing reported overall
survival Kaplan—Meier curves.!? Then, on the pooled individual
reconstructed survival data and weighted IPD, a weighted Cox
model was fitted to compare the group outcomes. Analysis was
performed in R 4.1.1 (https://www.R-project.org/).
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On October 13,2021, 239 patients from our sites were sched-
uled to receive CAR-T cells, among whom 222 were treated
according to marketing authorization outside any research pro-
tocol and underwent leukapheresis. We selected 207 patients
who received either tisa-cel or axi-cel. There were two main
clinically relevant findings.

First, the real-life driving conditions differed from the trial
conditions (Table 1). Interestingly, in adult patients with lym-
phoma being treated with tisa-cel in the commercial setting, the
differences (regarding age, ECOG) between groups were erased
from JULIET to BELINDA. Patients treated with axi-cel in
real life compared to patients treated with axi-cel in ZUMA-1
mostly differed in terms of previous lines of therapy. In contrast,
there were more differences across RWD and trial data regard-
ing children with ALL who received tisa-cel (in age, previous
treatment lines, and HSCT). As expected, the reweighted base-
line characteristics for the intervention-treated patients matched
those aggregate characteristics from the comparator trial. As
expected, the ESS of the weighted RWD decreased, notably in
the ALL population: this illustrates that the CAR-T cells for
ALL have been administered mostly to young adults rather than
children and that fewer patients had a history of HSCT, com-
pared to the trial population.

The second main clinically relevant finding was the external
validation of the trial results by comparing patient outcomes
once differences across populations had been erased. Indeed,
most of our comparisons suggested that outcomes from RWD,
once the population had been balanced with that of the previous

RWD Versus Trial Data for CAR-T Outcome Evaluation

trial, were consistent with those published from the trial. No
difference in outcomes was observed across the RWD and trial
populations of patients with lymphoma treated with axi-cel.
Unexpectedly, outcomes of patients with lymphoma treated
with tisa-cel in real life appeared somewhat improved, even sig-
nificantly when compared to the BELINDA trial, both for OS
and EFS (Figure 1).

In this study, we aimed to assess whether the effects of
CAR-T cells in real life coincide with those from clinical trials
using a new approach, the MAIC. This approach is increas-
ingly but generally employed to compare one drug to another.
It was notably used to compare tisa-cel (JULIET) to axi-cel
(ZUMA-1)" and, more recently, to liso-cel,” and it allows to
erase baseline differences across populations to avoid biased
findings.

Indeed, by matching the mean characteristics of the trial
populations, unbiased estimates can be reached unless all fac-
tors that impact either the outcome or the treatment effect
are not captured. Notably, we could not take into account
the potential differences in the unreported information from
either the registry or the trial publications. Similarly, differ-
ences in the definition of events for EFS in RWD and trial data
cannot be handled by those methods. Additionally, we could
not analyze the whole population screened for CAR-T-cells
administration, given that the published survival curves from
the trial only dealt with treated patients. All these points stress
the need for detailed reporting of detailed information (poten-
tial confounders and treatment modifiers, EFS components,

Aggressive Large B-cell Lymphoma and Acute Lymphoblastic Leukemia: Comparison of RWD and Trial Data Before Weighting

CAR-T Cells Tisagenlecleucel Axi-cel
Lymphoma Acute Lymphoblastic Leukemia Lymphoma
Data Source RWD JULIET SMD BELINDA SMD RWD ELIANA SMD RWD ZUMA-1 SMD
73 patients 111 patients 162 patients 57 patients 75 patients 77 patients 101 patients
Mean age, y (range) 65 56 0.66 59.5 0.37 15 (1-27) 11(3-23) 0.08 59 58 0.08
(21-77) (22-76) (19-79) (23-75) (23-76)
DLBCL 63% 79% 0.36 62% 0.02 76% 79% 0.07
ECOG 0 42% 55% 0.26 46% 42% 0.08
Ann Arbor IlI- IV 68% 76% 0.18 66% 0.04 60% 85% 0.59
IPI>2 90% 65% 0.58 82%
> 3 lines 53% 52% 0.02 12% 50% 1.89 18% 69% 1.18
Allograft 49% 61% 0.49
Blinatumomab 33% 0% 2.27

Values above 0.1 indicating imbalances are bolded.

DLBCL = diffuse large B-cell ymphoma; ECOG = Eastern Cooperative Oncology Group Performance Scale; RWD = real-world data; SMD = standardized mean difference.

Data Source = original RWD = weighted RWD =+ JULIET trial

Data Source ~+ original WD ~+ weighted RWD ~+ BELINDA Trial

Data Source ~ original RWD = weighted RWD =+ ZUMA-1 Trial
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Figure 1. Comparison of survival data in patients with aggressive large
lation, following Kymriah (JULIET and BELINDA) or Yescarta (ZUMA-1).

B-cell ymphomas from real-life patients compared with the trial popu-
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intent-to-treat population) when trial results are originally
published.

In addition to the exploratory nature of our findings, one may
wonder whether the improved outcomes of patients with lym-
phoma treated with tisa-cel in real life compared to the trial
setting may rely on the source of the RWD data. Indeed, the
RWD referred to well-known specialized centers compared to
the multicentre BELINDA trial that included 65 centers from 18
countries.' This may point out the importance of center expe-
rience and specialization in the care of frail patients before and
after CAR-T-cells treatment.

Finally, we believe that the secondary use of widely available
health data, including trial data, should be promoted, which
begins by encouraging secure and facilitated access to those data
by researchers worldwide. To provide reliable evidence on the
use, safety, and effectiveness of medicines for human use from
RWD across the European Union, the creation of the “Data
Analysis and Real-World Interrogation Network” (DARWIN
EU) by the European Medicine Agency is promising.
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