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The rationale for this project arises from some considerations.
Clinical trials often use surrogate endpoints (response rates) rather
than direct measurement of benefit (survivals) as primary
objective of the study. When both are considered, in clinical
studies focusing on CAR T therapy in Hematology they are often
estimated starting from infusion (analysis per protocol [PP]) and
not from leukapheresis (analysis per intention-to-treat [ITT]) or in a
modified ITT modality, i.e. counting only patients who achieved
the infusion timepoint [1-4].

Studies on CAR T-cell therapy lend to possible biases when
they do not consider patients who undergo leukapheresis but
finally are not infused for a variety of competing risks (e.g., time
of leukapheresis and enrollment, use of bridging therapy [BT],
lymphodepleting regimens and, and in the near future,
autologous versus allogeneic products, different standard of
care clinical practice or patient populations). This makes difficult
to perform a robust comparison of both the different available
CAR T products and the drugs which share the same indication.
Starting from these premises, real-world studies and national
registries could be useful tools in determining a true PP versus
ITT analysis as a mirror of the real benefit and feasibility of CART
therapy if it is considered a therapeutic path, including
competitive risks. As a consequence, to test our thesis, we
conceived a project to provide a comprehensive overview of the
benefits of CAR T-cell therapy in patients with relapsed/
refractory (r/r) large B-cell lymphomas (LBCL) in the real-world
setting recomputing results in both PP and ITT basis to show
that both modalities bring useful information, and to propose a
new CAR T analysis specific endpoint with a dedicated event-
free survival (CAR T EFS) for assessment of the actual drug
benefit and feasibility, also as a driver for future research.

To reach our aim, a systematic review was conducted for real-
world studies on the effectiveness of anti-CD19 CAR T-cell
products (axicabtagene ciloleucel and tisagenlecleucel) adminis-
tered to r/r LBCL patients between 2017 (after first approval) and
October 2022 (Supplementary Fig. S1). Researchers and coopera-
tive groups worldwide (n=10) provided original data and re-
estimated endpoints in both PP and ITT modalities (taking into
account also subjects who entering in the therapeutic journey
with leukapheresis but finally did not undergo infusion) when
lacking in the original research: overall and complete response
rates (ORR, CRR), progression-free and overall survivals (PFS, OS)
and duration of response (Table 1). We asked to estimate the new
endpoint we defined, i.e. ITT CAR T EFS, starting from leukapher-
esis to patients’ exit from therapeutic pathway due to any cause,

whatever happened first, also before infusion (date of decision to
not infuse). Meta-analysis was performed on ORR and CRR
separately in both ITT and PP populations with random-effect
models.

For subgroup analyses with the help of metagregression,
studies were categorized according to the CAR T product used,
presence/absence of primary mediastinal B-cell lymphoma
(PMBCL, 50%) patients and according to study location (5 in
Europe versus 5 in USA). When Researchers shared the whole
database, we performed also a pooled analysis, always preferable
to meta-analysis because having individual patient data allows to
create a homogeneous database and reduce bias. (ALMAIDEA
2022CUP:J33C22001420001).

Our analysis indicates that rates of patients who did not
achieve the infusion timepoint ranged from 3.0% to 28.9%. As a
consequence, ORR and CR rates change whether they are
considered on ITT (ORR ranged from 34 to 76% and CRR from
21 to 59%, respectively) or on PP basis (ORR ranged from 35 to
82% and CRR from 29 to 64%, respectively). The rate of patients
who received BT ranged in Europe between 78.7% to 87.0%,
whereas in the USA it ranged between 50.0% to 58.0%. The
50% of studies did not record the exit date for subjects who
finally did not receive CAR T-cell, reflecting the inability to
calculate the ITT EFS. Three studies reported a median PP PFS
shorter than the ITT PFS, and in all studies but one median PP
OS was higher than ITT OS. Median DoR ranges from 20.2
months to not reached (Table 1). Meta-analyses comprise 2 246
patients for the ITT population and 1 988 patients for the PP
population, with a 10% of not infused patients on average.
Metanalyses for ITT ORR and CRR resulted in 57% (95% ClI
48-66) and 38% (95% Cl 31-46), respectively. The PP ORR and
CRR were 68% (95% Cl 57-77) and 45% (95% ClI 37-53),
respectively. For both rates in both populations, heterogeneity
was never below 90% (Supplementary Table S1). Subgroup
analysis showed a significant difference for CRR and ORR in
both PP and ITT populations, with better results for studies
conducted in USA which also reached a slightly lower
heterogeneity that drops to 0.0% in the PP population
(Supplementary Table S1; Fig. 1).The presence of PMBCL
patients in study cohort did not impact significantly on
response rates estimated in both PP and ITT modalities
(Supplementary Table S1).The type of CAR T product chosen
differed significantly between groups for CRR and ORR in the
PP population. Axicabtagene ciloleucel (3 studies) and axicab-
tagene ciloleucel or tisagenlecleucel (6 studies) groups showed
higher response rates compared to tisagenlecleucel (1 study).
However considering only axicabtagene ciloleucel studies
showed a decrease of heterogeneity for CRR (Supplementary
Fig. S2). Meta-regressions did not indicate a statistically
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Fig. 1 Forest plot of the subgroup analysis according to study location was conducted. A CRR ITT; B CRR PP; C ORR ITT; D ORR PP. CRR
complete response rate, ITT intention-to-treat, ORR overall response rate, PP per protocol.

significant influence of the different ratio of infused/not
infused patients among studies, or of the different lengths of
the median follow-up, this to the advantage of the robustness
of the results. Of note, rate of patients who underwent BT had a
significant influence on CRR of both PP and ITT populations
(b=-0.635; P=0.034 for ITT population and b= —0.850;
P=0.006 for PP population) and on ORR in PP population
(b =—0.575; P=0.024). The negative value of the coefficient b
indicates that when the percentage of patients who underwent
BT increase, the response rate decreases by about 60%
(Supplementary Table S2 and Supplementary Fig. S3). At a
median follow-up (ITT) of 29.7 months (95% C| 25.3-32.8), the
pooled analysis led to an ITT ORR of 61% with a PP ORR of 71%.
ITT CRR was 40% whereas the PP one resulted 47%, findings
closer to those already published than those obtained with the
meta-analysis. Median ITT OS resulted as 17.2 months while
median PP OS was 24.1 months (Table 1). This rests on the fact
that most patients who did not reach the infusion timepoint
exited the CAR T pathway for death; moreover, infused
subjects, included by definition in the PP analysis, may have
taken advantage of further salvage treatments beyond CART. In
contrast, both ITT and PP mPFS (6.2 versus 5.7 months) and
mMEFS (4.9 versus 5.2 months) were similar. PFS is slightly longer
in the ITT population only as a consequence of the time
elapsed between leukapheresis and infusion. This translates, de
facto, into a non-significant difference between the two
populations of patients, which points towards the reliability
of PP PFS as a descriptor of CART effectiveness. On the other
hand, an ITT mEFS lower than the PP mEFS, albeit without
statistical significance, conveys the message that more dropout
events have happened between leukapheresis and infusion.
This means that more attention should be paid in terms of both
patients’ selection and patients management in this crucial
period of the CAR T pathway.

Blood Cancer Journal (2024)14:197

The present research showed that limiting the analysis on the
CAR T infused population alone could lead to a wrong choice of
treatment as the response rates of the ITT population is also
influenced by the percentage of people who undergo BT (with a
proportion that do not achieve the infusion timepoint). The
finding that the rate of patients who underwent BT negatively
affects the response rate could be explained by a worse condition
of patients needing BT to reach CAR T infusion; this effect on the
response rate is present in both populations (ITT and PP). Another
interesting result was that USA cohorts have a better response
than those from Europe, and that the USA studies have a much
lower heterogeneity compared to European ones confirming
literature [5]. This could mean that higher heterogeneity in studies
results could be better explained by substantial differences that
may occur (e.g., timing of referral or leukapheresis, if and which BT
is used, different lymphodepleting regimens or cellular product) in
everyday clinical practice worldwide, also precluding a robust
comparison among the different available CAR T products and the
therapies which share the same indication.

This is the first study that analyzed and compared the benefit of
CAR T-cell in real-world in both ITT and PP modalities on the same
datasets, considering also patients who started CAR T pathway
without reaching infusion timepoint. The importance of consider-
ing this new treatment option as a pathway should translate into
implementation of CAR T patient registries that include the new
endpoint we advocate for, i.e. ITT EFS, to establish population-level
effectiveness of these products. In addition, there is also a need to
improve the consistency of data collection requirements between
countries (around 50% of the analyzed studies did not record the
exit date due to any cause for subjects who finally did not receive
CAR T-cell) and - ideally - to collect data at a cross-country level.
Such collaboration increases the efficiency of data collection,
quality of the evidence that is generated and a better manage-
ment of the therapeutic pathway.

SPRINGER NATURE
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