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Abstract

Background: There are no head-to-head clinical studies comparing chimeric antigen receptor (CAR) T-cell therapies
for the treatment of relapsed or refractory aggressive large B-cell lymphomas. Naive, indirect comparisons may be
inappropriate, as the study designs and patient populations could differ substantially. Matching-adjusted indirect
comparisons (MAIC) can reduce many biases associated with indirect comparisons between studies. To determine the
comparative efficacy and safety of lisocabtagene maraleucel (liso-cel) to tisagenlecleucel, we describe an unanchored
MAIC of the pivotal studies TRANSCEND NHL 001 (TRANSCEND; NCT02631044; liso-cel) and JULIET (NCT02445248;
tisagenlecleucel).

Methods: Individual patient data (IPD) from TRANSCEND were available to the authors; for the JULIET pivotal studly,
summary-level data from the published study were used. To balance the populations between two studies, IPD from
TRANSCEND were adjusted to match the marginal distribution (e.g., mean, variance) of clinical factors among patients
from JULIET.

Results: Results from the primary MAIC showed liso-cel had statistically significant greater efficacy than tisagenle-
cleucel (objective response rate: odds ratio [OR] = 2.78, 95% confidence interval [Cl]: 1.63—4.74; complete response
rate: OR=2.01, 95% Cl: 1.22-3.30; progression-free survival: hazard ratio [HR] = 0.65, 95% Cl: 0.47-0.91; overall survival:
HR=0.67,95% Cl: 0.47-0.95). MAIC of safety outcomes showed lower ORs for all-grade and grade > 3 cytokine release
syndrome, and grade > 3 prolonged cytopenia for liso-cel when compared with tisagenlecleucel; there were no statis-
tically significant differences detected for other safety outcomes.

Conclusions: Overall, this MAIC of two CAR T-cell therapies indicates liso-cel had favorable efficacy and a compara-
ble or better safety profile relative to tisagenlecleucel.
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Introduction

Non-Hodgkin lymphoma (NHL) is one of the most com-
mon types of cancer worldwide, with reported incidence
rates of 6.7 per 100,000 in men and 4.7 per 100,000
in women in 2018 [1]. Diffuse large B-cell lymphoma
(DLBCL) represents the most-common NHL subtype,
accounting for 30-58% of NHL cases in Europe and
25% of cases in the United States [2, 3]. Between 2011
and 2012, the annual age-adjusted incidence rate of
DLBCL was 3.8 per 100,000 persons in Europe and 6.9
per 100,000 persons in the United States [3, 4]. DLBCL
can occur as de novo disease or arise as a transformation
from other indolent forms of NHL. Treatment options
for patients with relapsed or refractory (R/R) DLBCL are
limited. These patients often receive salvage chemothera-
pies that confer poor survival outcomes; 4-year overall
survival (OS) rate of 28% and median OS of 6 months in
refractory patients [5].

Chimeric antigen receptor (CAR) T-cell therapies have
shown clinical activity in patients with R/R large B-cell
lymphoma, with objective response rates (ORR) and
complete response (CR) rates ranging from 52 to 82%
and from 40 to 54%, respectively [6—-8]. Tisagenlecleu-
cel, axicabtagene ciloleucel (axi-cel), and most recently,
lisocabtagene maraleucel (liso-cel) have been approved
in the United States for third-line or later treatment of
large B-cell lymphoma (LBCL). While tisagenlecleucel
and liso-cel utilize an anti-CD19 antigen-binding domain
fused with the costimulatory 4-1BB and CD3{ domains,
the former has a CD8 hinge and transmembrane region,
whereas the latter has an immunoglobulin G4 hinge
region and CD28 transmembrane domain. Axi-cel uti-
lizes an anti-CD19 antigen-binding domain fused to
CD28 and CD3( costimulatory domains [9-11]. All three
are single-dose products administered intravenously,
though liso-cel has a defined composition of equal CD8™"
and CD4" cells with low variability. Dose and ratio of
CD8' and CD4" CAR" T cells may influence the inci-
dence and severity of cytokine release syndrome (CRS)
and neurological events (NE) [12-14]. It is unclear if the
differences of these products affect clinical outcomes.

TRANSCEND NHL 001 (TRANSCEND;
NCT02631044) was a phase 1, single-arm, multicenter,
open-label study that sought to investigate the efficacy
and safety of liso-cel as a treatment in patients with LBCL
who have R/R disease after receiving at least two prior
lines of therapy.[6] Patients with DLBCL not otherwise

specified (de novo, transformed follicular lymphoma,
and transformed indolent NHL), high-grade lymphoma
with rearrangements in MYC and either BCL2, BCLS6,
or both, primary mediastinal B-cell lymphoma, and fol-
licular lymphoma grade 3B were eligible if they had R/R
positron emission tomography—positive disease after
at least two lines of prior systemic therapy, including a
CD20-targeted agent and anthracycline; had an East-
ern Cooperative Oncology Group performance status
(ECOG PS) of 0-2; and adequate organ function. Patients
with secondary central nervous system (CNS) lymphoma
or prior autologous or allogeneic hematopoietic stem cell
transplantation (auto-HSCT or allo-HSCT, respectively)
were permitted. However, patients with primary CNS
lymphoma or allo-HSCT within 90 days of leukapheresis
were excluded. Primary endpoints were adverse events
(AE), dose-limiting toxicities, and ORR, as assessed by an
independent review committee (IRC) per Lugano 2014
criteria [15]. Secondary endpoints included CR rate as
assessed by IRC, duration of response, progression-free
survival (PFS), and OS.

JULIET (NCTO02445248) was a phase 2, single-arm,
multicenter, open-label, registrational study of the effi-
cacy and safety of tisagenlecleucel in patients with R/R
LBCL [8]. Eligible patients had DLBCL, high-grade
lymphoma with MYC rearrangement plus rearrange-
ment of BCL2, BCL6, or both, or transformed follicular
lymphoma; received at least two prior lines of therapy,
including rituximab and an anthracycline; and were
ineligible for or had disease progression after auto-
HSCT. Patients were excluded if they had primary
mediastinal B-cell lymphoma, had previously received
allo-HSCT, or had secondary CNS lymphoma. The pri-
mary endpoint was best ORR, as assessed by IRC per
Lugano 2014 criteria [15], and key secondary endpoints
included duration of response, OS, and safety. CRS was
originally graded according to the University of Penn-
sylvania criteria, but a secondary analysis aligned to the
Lee 2014 criteria, which was used for this comparative
analysis [16]. There are no head-to-head clinical stud-
ies comparing the CAR T-cell therapies to inform treat-
ment decisions, policy decision-making, and other health
care—related issues. Naive, indirect comparisons may be
inappropriate, as the study designs and patient popula-
tions could differ substantially. Comparing interventions
using matching-adjusted indirect comparison (MAIC)
analyses can reduce many biases associated with indirect
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comparisons between studies by adjusting for differ-
ences in patient and study characteristics [17]. MAICs
are increasingly being included in submissions to regu-
lators and/or health technology assessment agencies. To
determine the comparative efficacy and safety of liso-cel
versus tisagenlecleucel, we describe a MAIC analysis of
the pivotal studies TRANSCEND (liso-cel) and JULIET
(tisagenlecleucel).

Methods

Data sources and study characteristics

MAIC methodology was used to estimate population-
adjusted relative treatment effects associated with liso-cel
compared with tisagenlecleucel. Table 1 summarizes the
data sets used, and Table 2 lists study design characteris-
tics and eligibility criteria for TRANSCEND and JULIET.

Patient characteristics

Of the 17 baseline patient characteristics reported in
both studies, definitions or minimum/maximum thresh-
olds differed between the studies for nine patient char-
acteristics. Definitions or categorizations of these patient
characteristics as used in TRANSCEND were aligned to
JULIET either by recategorizing or recalculating the cor-
responding variables from the TRANSCEND individual

Table 1 Summary of datasets
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patient data (IPD; details presented in Table 2), thereby
allowing their inclusion in analyses and reducing bias
owing to differences between studies.

Outcomes

All analyses conducted for the patient popula-
tions included those patients who were enrolled and
received > 1 dose of CAR T cells (ie, were infused). Out-
comes of interest included efficacy (ORR, CR rate, PFS,
and OS) and safety (CRS per Lee 2014 criteria, NEs
per study-specified definitions [including aphasia and
encephalopathy], infections, hypogammaglobulinemia,
and prolonged cytopenia [defined as grade > 3 cytopenias
not resolved by day 29 after infusion]).

Statistical analysis

Relevant clinical factors for matching and adjusting were
identified via literature search, which was reviewed by a
panel of external clinical experts. A ranked list of clini-
cal prognostic factors and treatment-effect modifiers
was derived per outcome by evaluating the strength of
association between each clinical factor to each efficacy
outcome endpoint (i.e., data-driven rank) using classifi-
cation-based random forest models for binary outcomes
(CR rate and ORR) and survival-based random forest

Treatment Study name Data cutoff’  Median study Analysis set N
(MM/DD/ follow-up, months
YYYY) (range)
Efficacy outcomes
Liso-cel TRANSCEND [6] 08/12/2019 11.5 (0.2-35.0)° DLBCL efficacy set 256
Tisagenlecleucel—ORR, CRrate JULIET [8] 12/08/2017 14 (0.1-26)° Efficacy analysis set 93
Tisagenlecleucel—PFS, OS JULIET [8] 12/08/2017 14 (0.1-26)° Safety set/full analysis set 111
Safety outcomes
Liso-cel TRANSCEND [6] 08/12/2019 11.5(0.2-35.0)° DLBCL treated set 269
Tisagenlecleucel JULIET [8] 12/08/2017 14 (0.1-26)° Safety set/full analysis set 111

Study Data sources
TRANSCEND Individual patient data
JULIET Schuster et al. [8] was supplemented with the EMA Public Assessment Report [33], the EMA Summary of Product

Characteristics [34], the United States FDA Summary Basis for Regulatory Action [35], and Schuster et al. e

CR complete response, CRS cytokine release syndrome, DLBCL diffuse large B-cell ymphoma, EOS end of study, EMA European Medicines Agency, FDA Food and Drug
Administration, liso-cel lisocabtagene maraleucel, ORR objective response rate, OS overall survival, PFS progression-free survival

2 Data cutoffs with most complete data availability were included

® Median on-study follow-up time was reported, which was defined as (EOS date—first dose date 4 1)/30.4375. If patients were continuing on study, the data cutoff

date was used to impute the EOS date for the purpose of the calculation
€ Median follow-up time from infusion to data cutoff was reported [8]

9 In JULIET, CRS was rated according to the University of Pennsylvania criteria. However, the JULIET investigators regraded CRS events according to the Lee 2014
criteria [36]; rates of CRS associated with tisagenlecleucel were extracted from Schuster et al. [16], which was based on the Lee 2014 criteria [36] and also used in

TRANSCEND
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models for time-to-event outcomes (OS and PFS) [18—
20]. Data-driven ranks were then reviewed by the panel
of experts and a final evidence-informed ranked list of
factors was determined for each outcome by consolidat-
ing expert clinical opinion (Additional file 1: Table S1).

For a given set of ranked clinical prognostic factors
and treatment-effect modifiers, separate MAICs were
conducted sequentially, adjusting for one additional vari-
able at a time, in order of ranked importance. After fit-
ting each model, the performance and suitability of each
MAIC model was assessed based on the following cri-
teria: effective sample size (ESS; a proxy for sample size
when patients are weighted, which is required to achieve
a given level of precision), distribution of patient weights
(wherein the goal is to avoid extreme patient weights),
summary statistics (assessment of balance between study
populations), and assumption of proportional hazards
for OS and PFES. Balance was assessed using the abso-
lute value of the standardized mean difference (SMD)
for each covariate, a standard diagnostic for propensity
score-based methods that enables comparability across
factors and analyses [21]. Primary analyses were selected
to strike a balance between these criteria (e.g., by retain-
ing ESS and mitigating extreme patient weights, while
adjusting for the most important factors), whereas sen-
sitivity analyses prioritized adjustment of more factors
over ESS.

After completing the matching phase of the MAIC, the
remaining patients from TRANSCEND were weighted
using a method-of-moments propensity score algorithm.
Method-of-moments was chosen because only summary
level data were available from JULIET and this method
would guarantee an exact balancing of clinical factors of
interest [22]. Generalized linear models for binary out-
comes (i.e, ORR, CR rate, and safety outcomes) were
used to estimate odds ratios (OR) and Cox proportional
hazards models for time-to-event outcomes (i.e., OS and
PFS) were used to estimate hazard ratios (HR).

All analyses were conducted using R Project for Sta-
tistical Computing, version 3.6.1 (R Core Team, Vienna,
Austria; https://www.r-project.org/).

Results

Clinical factors before and after matching and adjusting
For each efficacy outcome, comparisons of clinical fac-
tors at baseline were conducted for TRANSCEND versus
JULIET naively, without matching or adjusting infused
patients from TRANSCEND. This exercise showed
that few factors were similar (i.e., SMD<0.1) between
TRANSCEND and JULIET (Table 3). Notable differ-
ences (i.e., SMD >0.1) were observed for age, ECOG PS
score, active secondary CNS lymphoma, disease histol-
ogy, cell of origin, double or triple hit, prior allo-HSCT
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and auto-HSCT, bridging therapy, number of prior lines
of therapy, R/R to last therapy, pre-lymphodepletion
creatinine clearance, left ventricular ejection fraction at
screening, and pre-leukapheresis absolute lymphocyte
count. The matching phase of the MAIC involved remov-
ing TRANSCEND patients with primary mediastinal
B-cell lymphoma or follicular lymphoma grade 3B dis-
ease histology (efficacy outcomes only), an ECOG PS of
2 at screening, secondary CNS lymphoma, or prior allo-
HSCT. Bridging therapy was not matched in this analy-
sis, as both trial protocols permitted the use of bridging
therapy per investigator’s discretion. In both primary
and sensitivity analyses, matching and adjusting patients
from the TRANSCEND to the JULIET population pro-
duced substantial improvements in the balance of clini-
cal factors between studies. For example, in the primary
analysis of OS, the proportion of ranked clinical factors
achieving SMD<0.1 increased from the naive rate of
17.6% to 41.2%, which further improved in the sensitivity
analysis to 88.2%. Factors with SMD <0.1 after matching
and adjusting in the primary analysis included Interna-
tional Prognostic Index score, ECOG PS, active second-
ary CNS lymphoma, disease histology, prior allo- and
auto-HSCT, and R/R to last therapy. Similar improve-
ments in balance were observed in the primary analyses
conducted for ORR, CR rate, and PFS (Additional file 1:
Tables S2—-S4).

There were six clinical prognostic factors and treat-
ment-effect modifiers used in the primary efficacy
analyses. While the adjustment factors differed for each
efficacy outcome, the matching criteria of disease his-
tology, ECOG PS, secondary CNS lymphoma, and prior
allo-HSCT were consistently used across the primary
efficacy analyses. All available clinical factors except
bridging therapy were adjusted for in the sensitivity
analyses (Additional file 1: Table S1). There were four
clinical factors adjusted for in the primary safety analysis;
three clinical factors (secondary CNS lymphoma, ECOG
PS, and prior allo-HSCT) were related to trial eligibility
criteria and were used to match the TRANSCEND and
JULIET populations. One additional clinical factor (num-
ber of prior therapies) was then adjusted to minimize
differences between studies in the remaining patients
according to the final rank-order for all safety outcomes
(Additional file 1: Table S5).

Efficacy analyses

Overall, the results of the MAIC showed a statistically
significant greater odds of response for liso-cel than
for tisagenlecleucel. Naive ORRs were higher for liso-
cel (72.7% [n=256]) than for tisagenlecleucel (51.6%
[n=93]) (Table 4). This corresponded to significantly
greater odds of overall response for liso-cel than for
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Table 3 Comparison of clinical factors before and after MAIC of OS in TRANSCEND and JULIET

Clinical factor JULIET TRANSCEND (liso-cel)
(tisagenlecleucel) DLBCL efficacy set [6]
safety set/full
analysis set [8] Before MAIC (naive) After MAIC (primary) After MAIC (sensitivity)
ESS,N 11 256 180 24.8
Unadjusted SMD Adjusted SMD Adjusted SMD
Mean (SD) age, years 539(129) 60.3 (13.3) 0.483 61.3(11.8) 0.605 539(13.1) 0.000
Male sex, % 613 66.0 0.098 66.5 0.108 613 0.000
IPI score, categorized per JULIET categorization, %
0-1 279 24.6 0.070 287 0.020 279 0.000
2-5 72.1 74.6 - 70.9 - 72.1 -
Missing 0 0.8 - 0.3 - 0 -
ECOG PS score at screening, %
0 55.0 40.6 0.331 55.0 0.000 550 0.000
1 45.0 57.8 - 450 - 45.0 -
2 0 1.6 - 0 - 0 -
Disease stage, %
lorll 243 27.0 0.066 305 0.141 243 0.000
lllor IV 757 72.3 - 69.2 - 757 -
Missing 0 0.8 - 0.3 - 0 -
Secondary CNS lymphoma at time of treatment, %
No 100 97.7 0219 100 0.000 100 0.000
Yes 0 23 - 0 - 0 -
Disease histology, categorized per JULIET categorization, %
DLBCL 81.1 71.1 0397 81.1 0.000 81.1 0.000
DLBCL tFL 189 223 - 189 - 189 -
PMBCL 0 55 - 0 - 0 -
FL3B 0 12 - 0 - 0 -
Cell of origin, %
GCB 56.8 44.1 0.630 45.2 0.604 56.8 0.000
ABC 40.5 28.1 - 332 - 40.5 -
Unknown 2.7 21.1 - 216 - 2.7 -
Missing 0 6.6 - 0 - 0.0 -
Double or triple hit, %
Unknown 369 29.3 0.202 286 0.219 37.0 0.000
No 459 559 - 56.6 - 459 -
Yes 17.1 14.8 - 14.8 - 17.1 -
Prior allo-HSCT, %
No 100 97.3 0237 100 0.000 100 0.000
Yes 0 2.7 - 0 - 0 -
Prior auto-HSCT, %
No 514 66.8 0317 514 0.000 514 0.000
Yes 486 332 - 486 - 486 -
Bridging therapy, %
No 8.1 414 0.837 474 0.977 524 1.101
Yes 919 586 - 526 - 476 -
Number of prior lines therapy, per JULIET definition, %
1 4.5 04 0.859 0.6 0.894 0 0.315
2 441 19.5 - 16.9 - 48.7 -

3 306 266 - 280 - 306 -
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Table 3 (continued)
Unadjusted SMD Adjusted SMD Adjusted SMD
4-6 20.7 434 - 46.1 - 20.7 -
>7 0 9.8 - 84 - 0 -
Missing 0 04 - 0 - 0 -
R/R to last therapy, per JULIET definition, %
Refractory 55.0 63.7 0.182 55.0 0.000 55.0 0.000
Relapsed 450 359 - 45.0 - 450 -
Missing 0 04 - 0 - 0 -
CrCl pre-lymphodepletion, per JULIET criteria
<60 mL/min 0 19.1 0.688 223 0.757 0 0.000
>60 mL/min 100 80.9 - 777 - 100.0 -
LVEF at screening, per JULIET criteria
<45% 0 1.6 0.178 14 0.170 0 0.000
>45% 100 98.4 - 98.6 - 100.0 -
ALC pre-leukapheresis, per JULIET criteria
<0.3 0 10.5 0.501 10.1 0.491 0 0.000
>03 100 84.0 - 83.6 - 100.0 -
Missing 0 55 - 6.3 - 0 -
Statistics
Factors with SMD<0.2, - 294 - 58.8 - 88.2 -
%
Factors with SMD<0.1, - 17.6 - 412 - 88.2 -

%

ABC activated B cel, ALC absolute lymphocyte count, allo-HSCT allogeneic hematopoietic stem cell transplantation, auto-HSCT autologous hematopoietic stem

cell transplantation, CNS central nervous system, CrCl creatinine clearance, DLBCL diffuse large B-cell lymphoma, ECOG PS Eastern Cooperative Oncology Group
performance status, ESS effective sample size, FL3B follicular ymphoma grade 3B, GCB germinal center B cel, HSCT hematopoietic stem cell transplantation, /P
International Prognostic Index, liso-cel lisocabtagene maraleucel, LVEF left ventricular ejection fraction, MAIC matching-adjusted indirect comparison, OS overall
survival, PMBCL primary mediastinal B-cell ymphoma, R/R relapsed or refractory, SD standard deviation, SMD standardized mean difference, tFL transformed follicular

lymphoma

Table 4 ORR and CR rate MAIC results for the comparison of liso-cel to tisagenlecleucel, infused patients

JULIET (tisagenlecleucel) efficacy TRANSCEND (liso-cel) DLBCL Liso-cel vs tisagenlecleucel
analysis set [8] efficacy set [6]
n % n or ESS % OR (95% Cl) P-value
ORR analyses
Naive 93 516 256 727 249 (1.52-4.07) <0.001
Primary 164 74.7 2.78 (1.63-4.74) <0.001
Sensitivity 373 80.8 3.95(1.64-9.51) 0.002
CR rate analyses
Naive 93 39.8 256 53.1 1.71 (1.06-2.78) 0.029
Primary 200.1 570 2.01(1.22-3.30) 0.006
Sensitivity 373 60.6 233 (1.06-5.10) 0.034

tisagenlecleucel (OR=2.49, 95% confidence interval
[CI]: 1.52-4.07; P<0.001). In the primary analysis that
matched and adjusted for six factors, liso-cel had an ORR
of 74.7% (ESS=164). The odds of overall response were
significantly greater for liso-cel than for tisagenlecleucel
(OR=2.78, 95% CI: 1.63-4.74; P<0.001). Similarly, in

the sensitivity analysis that matched and adjusted for all
available clinical factors except for bridging therapy, liso-
cel had an ORR of 80.8% (ESS=237.3). The odds of over-
all response were, again, significantly greater for liso-cel
than for tisagenlecleucel (OR=3.95; 95% CI: 1.64-9.51;
P=0.002).
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Naive CR rates were higher for liso-cel (53.1%
[n=256]) than for tisagenlecleucel (39.8% [n=93];
Table 4). This corresponded to significantly greater odds
of CR for liso-cel than for tisagenlecleucel (OR=1.71,
95% CI: 1.06-2.78; P=10.029). In the primary analysis (six
factors), liso-cel was associated with a CR rate of 57.0%
(ESS=200.1). The odds of CR were significantly greater
for liso-cel than for tisagenlecleucel (OR=2.01, 95% CI:
1.22-3.30; P=0.006). In the sensitivity analysis (all avail-
able clinical factors except for bridging therapy), liso-cel
had a CR rate of 60.6% (ESS=37.3). The odds of CR were
also significantly greater for liso-cel than for tisagenle-
cleucel (OR=2.33; 95% CI: 1.06-5.10; P=0.034).

In naive comparisons, liso-cel had a longer median
PES (6.8 months; 95% CI: 3.5-17.7; N=256) than tisa-
genlecleucel (2.8 months; 95% CI: 2.3—4.2; N=111). This
corresponded to a significantly lower rate of disease pro-
gression for liso-cel than for tisagenlecleucel (HR=0.67,
95% CI: 0.49-0.91; P=0.009; Table 5). In the primary
analysis (six factors), liso-cel had a median PFS of
6.7 months (95% CI: 3.5-not reached [NR]; ESS=149.3).
The rate of disease progression was significantly lower
for liso-cel than for tisagenlecleucel (HR=0.65, 95% CI:
0.47-0.91; P=0.012; Fig. 1a). In the sensitivity analysis
(all available clinical factors except for bridging therapy),
the median PFS for liso-cel was 5.9 months (95% CI: 3.1-
NR; ESS =24.8). Similar to the primary analysis, the rate
of disease progression was significantly lower for liso-cel
than for tisagenlecleucel (HR=0.55; 95% CI: 0.32-0.96;
P=0.035; Table 5).

In naive comparisons, liso-cel had a longer median OS
(21.1 months; 95% CI: 13.3-NR; N=256) than tisagenle-
cleucel (11.7 months; 95% CI: 7.2-NR; N=111) but the
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mortality rate was not significantly different between
treatments (HR=0.73, 95% CI: 0.52-1.02; P=0.062;
Table 5). In the primary analysis (six factors), liso-cel
had a median OS of 22.0 months (95% CI: 16.8-NR;
ESS=180.0). For this comparison, the mortality rate
was significantly lower for liso-cel than for tisagenle-
cleucel (HR=0.67, 95% CI: 0.47-0.95; P=0.026; Fig. 1b).
In the sensitivity analysis (all available clinical factors
except for bridging therapy), median OS for liso-cel was
19.9 months (95% CI: 9.2-NR; ESS =51.0). For this com-
parison, the mortality rate was not significantly different
between liso-cel and tisagenlecleucel (HR=0.68, 95% CI:
0.42-1.10; P=0.115; Table 5).

Safety analyses

Safety analyses were conducted for the infused patient
populations (TRANSCEND, N=269; JULIET, N=111).
After matching and adjusting for four factors, the ORs
for most safety endpoints were similar for both treat-
ments or were lower for liso-cel (ESS=122.9) than for
tisagenlecleucel. Specifically, liso-cel had statistically sig-
nificant lower odds after MAIC of all-grade and grade >3
CRS and grade > 3 prolonged cytopenia (Table 6).

The naive rate of CRS per Lee 2014 criteria was lower
for liso-cel than for tisagenlecleucel (Table 6) and cor-
responded to significantly lower odds of all-grade
(OR=0.55, 95% CI: 0.35-0.86; P=0.009) and grade>3
(OR=0.11, 95% CI: 0.04-0.29; P<0.001) CRS events
for liso-cel. After matching and adjusting (four factors),
there were statistically significant lower odds of all-grade
(OR=0.53, 95% CI: 0.32-0.89; P=0.016) and grade>3
(OR=0.10, 95% CI: 0.03-0.31; P<0.001) CRS events for
liso-cel than for tisagenlecleucel.

Table 5 PFS and OS MAIC results for the comparison of liso-cel to tisagenlecleucel, infused patients

JULIET (tisagenlecleucel) efficacy analysis

TRANSCEND (liso-cel) DLBCL efficacy Liso-cel vs tisagenlecleucel

set [8] set [6]
N Median, months (95% Cl) n or ESS Median, months HR (95% ClI) P-value
(95% CI)?
PFS analyses
Naive (AR 28(2.3-42)° 256 6.8 (3.5-17.7) 0.67 (049-0.91) 0.009
Primary 1493 6.7 (3.5-NR) 0.65 (0.47-0.91) 0.012
Sensitivity 24.8 5.9 (3.1-NR) 0.55 (0.32-0.96) 0.035
OS analyses
Naive 1M1 11.7 (7.2-NR)° 256 21.1 3.3-NR) 0.73(0.52-21.02) 0.062
Primary 180 22.0 (16.8-NR) 0.67 (047-0.95) 0.026
Sensitivity 248 19.9 (9.2-NR) 0.68 (0.42-1.10) 0.115

Cl confidence interval, DLBCL diffuse large B-cell lymphoma, ESS effective sample size, HR hazard ratio, IPD individual patient data, liso-cel lisocabtagene maraleucel,
MAIC matching-adjusted indirect comparison, NR not reached, OS overall survival, PFS progression-free survival

2 Cls for the medians were estimated using cumulative hazard function

®The median was obtained from pseudo-IPD based on a digitized Kaplan-Meier curve
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Fig. 1 Kaplan-Meier curves for PFS (a) and OS (b) in infused patients, matched-adjusted comparison (primary analysis). C/ confidence interval, £SS
effective sample size, liso-cel lisocabtagene maraleucel, NR not reached, OS overall survival, PFS progression-free survival
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Table 6 MAIC results for safety outcomes in the comparison of liso-cel to tisagenlecleucel

Safety outcomes Grades JULIET TRANSCEND (liso-cel) Liso-cel vs tisagenlecleucel, OR (95% Cl)
(tisagenlecleucel) DLBCL efficacy set [6]
efficacy analysis set [8]
Reported rates, % Naive, % MAIC, % Naive P-value MAIC P-value
(N=111) (N=269) (ESS=122.9)
CRS, Lee 2014 criteria All grades  56.8 420 41.1 0.55 (0.35-0.86) 0.009 0.53(0.32-0.89) 0.016
Grade>3 17.1 22 2.0 0.11(0.04-0.29) <0.001 (003 0.31) <0.001
NE, per study-specific All grades 21 29.7 21.0 (O 94-2. 70) 0.085 6 (0.76-2.44) 0.306
definition Grade>3 12 100 97 082( 65) 0576 0.79 (o 36-173) 0551
Encephalopathy, per study- All grades 6 6.3 6.5 1.06 (O 42-2. 67) 0.907 1.09 (0.38-3. 12) 0.867
specific definition?
Aphasia, per study-specific ~ All grades 3 8.2 6.4 2.88(0.89-9.33) 0.078 2.21(0.64-7.61) 0.209
definition?
Infections, any pathogens,  Grade>3 19.8 123 12.1 0.57 (0.31-1.02) 0.060 0.56(0.28-1.10) 0.090
per infections and infesta-
tions SOC
Hypogammaglobulinemia®, All grades 14° 13.8 10.0 0.98 (0.52-1.85) 0.949 0.68(0.33-1.43) 0313
grouped term
Prolonged cytopenia, labo-  Grade>3 52.8° 372 328 0.53 (0.34-0.83) 0.006 0.44 (0.26-0.73) 0.002
ratory assessment (n=106)

CRS cytokine release syndrome, DLBCL diffuse large B-cell ymphoma, ESS effective sample size, liso-cel lisocabtagene maraleucel, MAIC matching-adjusted indirect
comparison, NE neurological event, OR odds ratio, SOC System Organ Class, TEAE treatment-emergent adverse event

? Represents TEAE as assessed by investigators
b Reporting time was not specified

€ Prolonged cytopenia by laboratory assessment was reported for n=106 (data cutoff: September 6, 2017; Kymriah [Summary Basis for Regulatory Action]) [35].
Prolonged cytopenia per investigator assessment was reported for N=111 in Schuster et al. [8] but could not be used owing to differences in assessment approach

There were no statistically significant differences in
study-specific NE rates for liso-cel compared with tisa-
genlecleucel. The naive rate of NEs was higher for liso-
cel than for tisagenlecleucel (Table 6) and corresponded
to numerically greater odds of all-grade NEs for liso-cel
(OR=1.59, 95% CI: 0.94-2.70; P=0.085). The inverse
was true for grade>3 NEs, for which naive rates were
lower for liso-cel than for tisagenlecleucel and corre-
sponded to numerically lower odds of grade 3 events
(OR=0.82, 95% CI: 0.41-1.65; P=0.576). After matching
and adjusting, the odds of all-grade NEs were numeri-
cally greater for liso-cel (OR=1.36, 95% CI: 0.76-2.44;
P=0.306) but grade >3 NEs were numerically lower for
liso-cel (OR=0.79, 95% CI: 0.36-1.73; P=0.551).

The naive rates of study-specific NEs of all-grade
encephalopathy events were similar for liso-cel and tisa-
genlecleucel (OR=1.06, 95% CIL: 0.42-2.67; P=0.907;
Table 6). After matching and adjusting, there were no
statistically significant differences in all-grade encepha-
lopathy events. The naive rates of study-specific NEs of
all-grade aphasia were numerically higher for liso-cel
(OR=2.88, 95% CI: 0.89-9.33; P=0.078). After match-
ing and adjusting, there were no statistically significant
differences in all-grade aphasia events.

Rates of laboratory-confirmed grade>3 prolonged
cytopenia were significantly lower for liso-cel for both the

naive (OR=0.53, 95% CI: 0.34—0.83; P=0.006) and match-
ing-adjusted (OR=0.44, 95% CI: 0.26-0.73; P=0.002) data
sets. There were no statistically significant differences in
infection or hypogammaglobulinemia rates between liso-
cel and tisagenlecleucel.

Discussion

Liso-cel had favorable efficacy and a comparable or bet-
ter safety profile relative to tisagenlecleucel after match-
ing and adjusting for important clinical prognostic factors
and treatment-effect modifiers in this MAIC. The MAIC
approach is a form of population adjustment designed to
mitigate between-study differences in eligibility criteria,
adjust for between-study differences in baseline charac-
teristics, reconcile differences in varying definitions, and
reduce sensitivity to effect measures. An assessment iden-
tified 17 clinical factors reported in both TRANSCEND
and JULIET that were available for adjustment. The pri-
mary efficacy analysis that matched on and adjusted for
six clinical factors showed that the odds of response were
significantly greater, while the odds of disease progres-
sion and mortality were significantly lower for liso-cel
than tisagenlecleucel. To assess the robustness of the
primary efficacy analysis, sensitivity analyses were con-
ducted by matching and adjusting for all available clinical
factors except for bridging therapy, at the expense of ESS.
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Sensitivity analyses supported the primary findings, except
for OS, for which there was no longer a statistically signifi-
cant greater OS for liso-cel. However, because the sensitiv-
ity analyses adjusted for more factors, the corresponding
estimates were based on a lower ESS, which produced
greater uncertainty in statistical estimates (i.e, wider
CIs). Furthermore, a large drop in the sensitivity analy-
sis Kaplan—Meier curve for OS was estimated at around
20 months because of loss to follow-up (i.e., censoring),
accentuating a large patient weight in the remaining risk
set.

After matching and adjusting for four clinical factors,
the ORs for most safety endpoints were similar for both
treatments or were lower for liso-cel than for tisagenle-
cleucel. Importantly, liso-cel had statistically significant
lower odds after MAIC of all-grade and grade>3 CRS
and grade > 3 prolonged cytopenia.

Two MAIC analyses assessing the relative efficacy
and safety between axi-cel (ZUMA-1) and tisagenle-
cleucel (JULIET) have been performed. A recently pub-
lished MAIC by Oluwole et al. matched and adjusted the
ZUMA-1 population to JULIET [23]. The authors found
that, after adjusting for differences in patient characteris-
tics between studies, axi-cel was associated with a higher
ORR and CR rate than tisagenlecleucel among patients
who underwent infusion, and OS comparisons favored
axi-cel. They also found a higher rate of grades 1-2 CRS
in ZUMA-1 compared with JULIET, though similar
rates of grade >3 CRS and study-specific NEs. However,
they noted significant limitations that could have led to
bias since definitions of relapsed disease differed and
they could not account for the impact bridging chemo-
therapy had on relative outcomes. In contrast, Zhang
et al. matched and adjusted the JULIET population to
ZUMA-1 [24]. The authors concluded that differences
between the JULIET and ZUMA-1 patient populations
were substantial, rendering estimates of relative treat-
ment effects (via MAIC or other adjusted indirect treat-
ment comparison methods) unreliable, due to small ESSs,
after aligning patient population data sets. For example,
matching on bridging therapy alone (0% in ZUMA-1
and>90% in JULIET) would have resulted in<10% of
patients remaining in IPD from JULIET. Furthermore,
the authors discussed sources of bias that could not be
accounted for in statistical analyses, such as manufactur-
ing times in the enrollment process, which could under-
mine the accuracy of indirect treatment comparison
estimates.

A recent MAIC analysis comparing efficacy-evaluable
patients in JULIET (N=115; data cutoff February 2020)
to TRANSCEND (N=256; data cutoff August 2019)
was conducted to evaluate the comparative efficacy of
tisagenlecleucel versus liso-cel, and found no evidence
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of differences in ORR, CR rate, OS, and PFS between the
two CAR T-cell therapies [25, 26]. Several of the follow-
ing analytical approaches employed by the authors are
worth noting: (1) 8 patients who did not receive lym-
phodepleting chemotherapy and 1 patient with DLBCL
misclassification were first removed from the JULIET
dataset before analysis (n=106); (2) TRANSCEND
enrolled a broader patient population (e.g., primary
mediastinal B-cell lymphoma and follicular lymphoma
grade 3B subtypes, ECOG PS of 2, secondary CNS lym-
phoma, prior allo-HSCT, impaired renal function, no
prespecified threshold for blood counts) that could not
be emulated using patients enrolled in JULIET; (3) pro-
portion of patients who did not receive bridging therapy
in JULIET (n=11 of 106) was up-weighted from 10.4%
to 42.4% to match that from TRANSCEND (n=106 of
256). MAIC resulted in an ESS of 29 compared with an
initial sample of 106 patients in the JULIET study. The
low ESS may be because of the initial small sample size
of JULIET and/or matching to the proportion of patients
receiving bridging therapy in TRANSCEND. A small ESS
is an indication that the patient weights are highly vari-
able owing to a lack of population overlap, and that the
estimate may be unstable. The distribution of weights
themselves should also be examined directly alongside
pre- and post-MAIC balance in baseline characteris-
tics (e.g., via SMDs) to diagnose population overlap and
to highlight any overly influential individuals. Further-
more, there is an additional challenge to directly com-
pare patients who received bridging therapy in the two
studies, since the manufacturing times differed for the
two CAR T-cell therapies (median time from enrollment
to infusion in JULIET: 54 days [90% of patients received
infusions between 30 and 92 days after enrollment] vs
median time from leukapheresis to infusion in TRAN-
SCEND: 37 days [range, 27-224 days]). As bridging ther-
apy was administered at the discretion of the investigator,
the shorter time to CAR T-cell availability for liso-cel
may have resulted in bridging therapy being administered
preferentially to patients with more aggressive or rap-
idly progressing disease, whereas the longer time to CAR
T-cell availability for tisagenlecleucel may have resulted
in administering bridging therapy to a broader group of
patients, as 90% of patients received bridging therapy in
JULIET versus 59% of patients in TRANSCEND. Taken
together, this suggests that the author’s main findings are
unlikely applicable to the intended target population rep-
resented by TRANSCEND. Given these limitations, the
study design was likely insufficient for detecting clinically
relevant effect sizes for the intended comparison. This
highlights the importance of compatibility assessment
between trials as a first step for an MAIC. As we have
shown in our analysis, the broader patient population of
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TRANSCEND is better suited for matching and adjusting
to the JULIET patient population, resulting in a higher
degree of alignment for comparisons.

Our MAIC analysis has several notable strengths.
Multiple JULIET data sources were evaluated to iden-
tify the most compatible cohorts to those available in
the TRANSCEND pivotal trial for each outcome. The
analysis employed a rigorous, multifaceted process to
identify and rank-order clinically relevant factors. Clini-
cal experts rank-ordered factors from most to least
important to include in our models, which, when paired
with data-driven rankings, resulted in the final list of
evidence-informed ranking of factors. Accounting for
these challenges to matching and adjustment, the ESS
remained robust enough to allow for clinically relevant
conclusions about the comparison of these two CAR
T-cell therapies. However, there were several limitations
we should note. Absence of a common comparator in
TRANSCEND and JULIET meant that only an unan-
chored MAIC could be performed. Given the degree of
imbalance between the two studies, it was not feasible to
match and adjust on all identified factors without losing
substantial ESS. Though rank-ordering the factors helped
ensure the most important factors were prioritized for
inclusion in the model, only a subset of those identified
could be included in the primary analyses. Enrollment
and manufacturing times differed between studies; the
impact of differences in manufacturing process and time
could not be fully accounted for in the analysis, which has
been posited as a potentially significant bias factor [24].
The inability to control for the factors of bulky disease
and tumor burden may have impacted the overall results.
Finally, though sensitivity analyses involving additional
clinical factors offered alternative estimated relative
treatment effects, they often relied on reduced ESS. This
manifested in less-reliable Kaplan—Meier curve estimates
at longer follow-up times, where the number-at-risk set
is small and estimation was predominantly based upon
a few patients. Despite these limitations, it is encourag-
ing that the primary and sensitivity analyses were similar,
indicating a statistically significant efficacy advantage for
liso-cel compared with tisagenlecleucel, with the excep-
tion of the sensitivity analysis for OS.

While the liso-cel and tisagenlecleucel CAR constructs
both contain a 4-1BB costimulatory domain, there are
differences in the CAR T-cell manufacturing process and
composition of the two products. The liso-cel manufac-
turing process purifies T cells from the leukapheresis to
minimize tumor cell residuals and includes T-cell spe-
cific activation for a consistent reduction of non-T cell
impurities. CD8" and CD4" cells are positively selected
from fresh leukapheresis, and each population is sepa-
rately activated, transduced, and expanded. Liso-cel is a
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defined composition product administered as a sequen-
tial infusion of separate CD8" and CD4" components at
equal target doses. Preclinical studies have shown CD4*"
cells affect CD8" effector T-cell expansion, memory for-
mation, trafficking, and cytolytic effector T-cell function
[27-29], indicating that at least some CD8" function
may be optimized by controlling the dose of CD8* and
CD4" cell components [30]. In animal models, a 1:1 ratio
of CD8":CD4" CAR T cells showed improved expansion
and activity over treatment with either T-cell component
alone [31]. The tisagenlecleucel manufacturing process
begins with a frozen leukapheresis sample, after which
the vector is introduced into T cells selected from thawed
peripheral blood mononuclear cells using CD3/CD28
coated magnetic beads. Unlike the liso-cel manufacturing
process, tisagenlecleucel manufacturing does not select
for the T-cell subpopulations [32], leading to heteroge-
neity of the CD8":CD4™ ratio in the final product. The
cellular composition and final cell number vary between
individual patient batches. This heterogeneity may con-
tribute to differences in efficacy and safety profiles of the
different CAR T-cell products.

Conclusions

In summary, an unanchored MAIC leveraging IPD from
TRANSCEND and summary level data from JULIET
was used to derive indirect comparisons while account-
ing for between-study differences in eligibility criteria
and baseline characteristics. Overall, after matching and
adjusting for important clinical prognostic factors and
treatment-effect modifiers, liso-cel had favorable efficacy
and a comparable or better safety profile relative to tisa-
genlecleucel. This analysis, which was bound by the con-
text and limitations of the single-arm studies, does not
replace a head-to-head, randomized controlled study,
and these results should be further validated in a real-
world clinical setting.
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