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ABSTRACT

Introduction: The objective of this study was to
evaluate the cost-effectiveness of lisocabtagene
maraleucel (liso-cel) versus other available chi-
meric antigen receptor T-cell therapies, includ-
ing axicabtagene ciloleucel (axi-cel) and
tisagenlecleucel (tisa-cel), in patients who had
received at least two prior therapies from a
United States (US) commercial third-party payer
perspective.
Methods: To capture this heterogeneity in sur-
vival outcomes, we used mixture cure models to
extrapolate progression-free survival (PFS) and
overall survival (OS). Patient-level data from
TRANSCEND NHL 001 for liso-cel and

reconstructed patient-level data from ZUMA-1
for axi-cel, JULIET for tisa-cel, and SCHOLAR-1
for salvage chemotherapy, derived using the
Guyot method, were used for OS and PFS. The
model included adverse events associated with
liso-cel, axi-cel, and tisa-cel.
Results: Liso-cel was less costly (incremental
cost of - $74,980) and marginally more effec-
tive (0.002 incremental quality-adjusted life-
years [QALY]) than axi-cel and had an incre-
mental cost of $67,925 and 2.02 incremental
QALYs over tisa-cel in the base case. Results
remained consistent in sensitivity analyses,
with the liso-cel OS cure fraction being the
main driver of cost-effectiveness compared with
both axi-cel and tisa-cel.
Conclusion: This analysis estimated that liso-
cel is cost-effective compared with tisa-cel and
axi-cel from a commercial US payer perspective.
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Key Summary Points

Why carry out this study?

The comparative cost-effectiveness of the
marketed chimeric antigen receptor (CAR)
T-cell therapies lisocabtagene maraleucel
(liso-cel), axicabtagene ciloleucel (axi-cel),
and tisagenlecleucel (tisa-cel) in patients
with large B-cell lymphoma who had
received at least two prior therapies from a
US commercial third-party payer
perspective was unknown.

What was learned from the study?

Liso-cel is estimated to be cost-effective
compared with the marketed CAR T-cell
therapies axi-cel and tisa-cel in this
patient population and setting.

Compared with axi-cel, liso-cel generated
similar quality-adjusted life-years at lower
cost, partly owing to lower rates of highly
burdensome adverse events of special
interest for CAR T-cell therapies.

Compared with tisa-cel, liso-cel generated
greater quality-adjusted life-years owing
to superior survival, but at slightly higher
cost because of higher drug acquisition
cost.

INTRODUCTION

Large B-cell lymphoma (LBCL) is the most
common, aggressive subtype of non-Hodgkin
lymphoma. Although a majority of patients can
achieve long-term remission after first-line
therapy for LBCL [1], approximately 40% exhi-
bit relapsed or refractory (R/R) disease [2–4].
Salvage chemoimmunotherapy combination
regimens, with or without autologous stem cell
transplantation, have conventionally been the
standard of care for R/R LBCL; however, patients
who progress after at least two lines of treat-
ment are unlikely to benefit from additional

chemoimmunotherapy [5], with poor response
rates observed with salvage chemotherapy in
third-line or later (3L?) LBCL [1].

Chimeric antigen receptor (CAR) T-cell
therapies, generated from genetically engi-
neered autologous T-cells to express anti-CD19
CARs, revolutionized the treatment landscape
for 3L? LBCL with United States (US) Food and
Drug Administration approval of axicabtagene
ciloleucel (axi-cel) [6], tisagenlecleucel (tisa-cel)
[7], and lisocabtagene maraleucel (liso-cel) [8].

CAR T-cell therapies have shown durable
responses and improved survival outcomes
compared with historical cohorts treated with
conventional chemotherapy in patients with
3L? LBCL [9–11] and offer potential long-term
remission for these patients; however, these
therapies have high costs and logistic com-
plexities for the treatment center, and clinical
practitioners must identify patients for whom
this therapy is suitable and for whom the ther-
apeutic benefits outweigh potential risks [12]. It
is important for clinical and payer decision-
makers to understand the value of the different
CAR T-cell therapy options. The study objective
was to evaluate the cost-effectiveness of liso-cel
versus axi-cel and tisa-cel in the 3L? setting,
from a US commercial third-party payer
perspective.

METHODS

Overview

In line with other published models of CAR
T-cell therapies [13–28], a Microsoft Excel�-
based partitioned survival model was developed
to estimate the cost-effectiveness of liso-cel
versus axi-cel and tisa-cel in accordance with
International Society for Pharmacoeconomics
and Outcomes Research good modeling practice
guidelines [29]. The modeled population was
adults with R/R LBCL after at least two prior
therapies including an anthracycline and
rituximab (or other CD20-targeted agent), per
the TRANSCEND NHL 001 (TRANSCEND) trial
[30]. The model assumed the starting age was
60 years and 36% of patients were female, per
TRANSCEND. The analysis considered direct
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medical costs only. A lifetime horizon (up to
50 years) was used to fully capture outcomes,
and an annual discount rate of 3% was applied
to cost and health outcomes as recommended
by the Second Panel on Cost-Effectiveness in
Health and Medicine [31]. The main outcome
was incremental cost per quality-adjusted life-
year (QALY) gained.

Kaplan-Meier survival curves for CAR T-cell
therapies in 3L? LBCL exhibit a plateau [32–34]
in the long-term follow-up, indicating a fraction
of patients may achieve durable remission. To
capture this heterogeneity in survival outcomes,
we used mixture cure models (MCM) to
extrapolate progression-free survival (PFS) and
overall survival (OS). MCMs assume that the
population is a mixture of noncured (worse
prognosis; shorter OS) and cured (better prog-
nosis; OS similar to general population)
patients. MCM simultaneously estimates the
fraction of the studied population achieving
cure and survival of those not achieving cure
using parametric survival distributions [35].
Parametric distributions were selected on the
basis of goodness of fit criteria and clinical
plausibility of long-term projections and cure
fractions (OS vs PFS) for each treatment [36].

Model Structure

The model included three health states: PFS,
progressed disease, and death (Fig. 1). OS
projections were used to determine those alive
(and dead) over time, and PFS projections were
used to further partition patients into PFS and
progressed disease states. Patients remaining
progression-free beyond 2 years were assumed
to require less-frequent monitoring over time,
and patients who progressed were assumed to
receive subsequent treatment. A weekly cycle
length was used for the first 5 years to enable
accurate calculation of costs and QALYs associ-
ated with the relatively high rate of events in
this interval, after which an annual cycle length
was used to simplify model calculations without
jeopardizing accuracy.

Patients’ treatment experience from leuka-
pheresis to CAR T-cell infusion can vary (Fig. 1).
Patients who died before CAR T-cell infusion
accrued QALYs during the pretreatment period
and the cost of leukapheresis. Those who failed
to receive CAR T-cell therapy for other reasons
accrued costs and outcomes associated with
salvage chemotherapy, the historical 3L? stan-
dard of care, based on data from SCHOLAR-1 [1].

Fig. 1 Model structure. Patients intended to receive CAR
T-cell therapy have a pretreatment period from leuka-
pheresis until CAR T-cell infusion, during which patients
receive lymphodepleting chemotherapy and bridging ther-
apy (if needed). Some patients may not receive their CAR
T-cell infusion owing to manufacturing errors, disease

progression, or death; therefore, the model stratified
patients according to the proportions who did not receive
CAR T-cell infusion, per the respective trials, to accurately
calculate the associated costs and outcomes before entering
the partitioned survival model. CAR chimeric antigen
receptor
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Total costs and outcomes of each treatment
arm were an average of costs and outcomes for
these cohorts and the respective CAR T-cell
therapy, weighted according to this pretreat-
ment period stratification as observed in the
trials. Bridging chemotherapy (systemic, radia-
tion, or both) for disease control during CAR
T-cell product manufacturing is needed for
some patients during the pre-infusion period.
Bridging therapy protocols differed across clin-
ical trials.

Model Inputs

Survival Projections and Comparative Efficacy
For OS and PFS, patient-level data from
TRANSCEND were used for liso-cel. For axi-cel,
tisa-cel, and salvage chemotherapy, recon-
structed patient-level data from ZUMA-1
[37, 38], JULIET [39], and SCHOLAR-1 [1] were
used, respectively. For axi-cel, OS is based on a
later data cut than those for PFS and safety as
the latter were not published with the most
recent ZUMA-1 follow-up [33].

For liso-cel, gamma and log-logistic distri-
butions were chosen to extrapolate OS and PFS,
respectively. These were fit independently and
were used as the reference curve to which rela-
tive treatment effects were applied to project
PFS and OS for axi-cel and tisa-cel (Fig. 2). Two-
dimensional treatment effects (i.e., the effect on
the estimated cure fraction and survival of
noncured patients) were estimated by fitting
joint MCM. In the base case, liso-cel data
incorporated weights derived from pairwise
unanchored matching-adjusted indirect com-
parisons (MAIC) versus tisa-cel [40] and axi-cel
[41] (Supplemental Table 1) to minimize bias
induced when comparing these single-arm
studies. It should be noted that the MAIC versus
axi-cel used in the base case did not match on
use of bridging therapy because of its impact on
the effective sample size [41], though this was
an important difference between ZUMA-1 and
TRANSCEND (bridging therapy was permitted
in TRANSCEND but not in ZUMA-1). MAIC that
matched on bridging therapy was used in the
scenario analysis. A naı̈ve comparison was also
conducted in a scenario analysis.

OS of cured patients was simulated as the
age- and sex-adjusted US general population
mortality [42]. An excess mortality risk was also
applied to account for any secondary malig-
nancies and long-term adverse effects of cancer-
specific treatment. A standardized mortality
ratio of 1.40 was applied for the first 2 years,
followed by a standardized mortality ratio of
1.18 for the remainder of the patients’ lifetimes
[43].

Adverse Events
The model included adverse events (AE) associ-
ated with liso-cel, axi-cel, and tisa-cel but not
subsequent treatment or regimens administered
as pretreatment given these would have negli-
gible impacts on incremental outcomes. In the
base case, odds ratios estimated from MAICs of
safety data from the trials from updates of pre-
viously published analyses [40, 41] were applied
to the liso-cel rates to derive AE rates for each
comparator (Table 1). Observed rates for each
comparator were used in scenario analysis.

The model included all grade 3 or higher AEs
occurring in at least 5% of patients in any trial.
Additionally, all-grade cytokine release syn-
drome (CRS), neurological events (NE), and
hypogammaglobulinemia were included irre-
spective of incidence to capture resource use
and health-related quality of life (HRQOL)
associated with CAR T-cell therapy AEs of spe-
cial interest (AESI) [30, 44]. Only grade 3 or
higher AEs were assumed to impact HRQOL.

Utilities
Utility values were applied for the duration of
the pretreatment period and the remaining
time in each health state, with decrements due
to AEs applied in PFS (Table 2). Utilities were
estimated using EQ-5D data from TRANSCEND
using a mixed-effects model for repeated mea-
sures (MMRM) that included baseline EQ-5D,
AEs, and progressive disease as predictors. The
analysis was conducted using US tariffs and a
crosswalk algorithm [45] to convert from EQ-
5D-5L to the EQ-5D-3L value sets.

Grade 3 or higher CRS disutility could not be
estimated from TRANSCEND data owing to its
low incidence and duration. Instead, a vignette-
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based time trade-off study designed to specifi-
cally estimate CRS disutility was used [46].

Resource Use and Costs
The model incorporated costs associated with
CAR T-cell therapy pretreatment, treatment
acquisition (using wholesale acquisition cost
prices) and administration, postinfusion hospi-
talization, AE management, monitoring (by
health state), subsequent treatment, and end-

of-life costs. All costs were expressed as 2020 US
dollars. Key cost inputs are presented in Table 2.

All patients accrued the cost of leukaphere-
sis. In the base case, 62% of liso-cel–treated
patients, 92% of tisa-cel–treated patients, and
0% of axi-cel–treated patients were assumed to
receive bridging therapy per their respective
trials, and these costs were reflected in the cost
estimates. Lymphodepleting chemotherapy,
modeled as one cycle of fludarabine plus an

Fig. 2 Long-term OS (A) and PFS projections (B). axi-cel axicabtagene ciloleucel, KM Kaplan-Meier, liso-cel lisocabtagene
maraleucel, OS overall survival, PFS progression-free survival, tisa-cel tisagenlecleucel
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Table 1 Clinical efficacy and AE inputs

Pretreatment

patient flow, % of

patients

Patients who are apheresed but not infused

owing to failure to receive CAR T-cell

therapya

Patients who died

before CAR T-cell

infusionb

Patients who

received planned

treatment

Patients who received

planned treatment out of

specifications

Liso-cel [61] 4.9 9.5 78.3 7.2

Axi-cel [38] 7.6 1.7 90.8 0

Tisa-cel [62] 20.6 9.7 69.7 0

Clinical efficacy Number of days between leukapheresis and infusion Estimated cure fraction (MAIC-based)c

OS, % PFS, %

Liso-cel 37 days [30] 47 39

Axi-cel 23 days [38] 43 41

Tisa-cel 54 days [62] 28 23

AEs, % of patients Grade 1–2 AEs Grade ‡ 3 AEs

Liso-cel [61] Axi-cel [38] Tisa-cel [62] Liso-cel [61] Axi-cel [37, 38] Tisa-cel [62]

CRS 39.7 74.1d 48.0d 2.2 21.9d 10.1d

Neurological events 19.6 3.5d 11.4d 10.0 69.0d 12.5d

Hypogammaglobulinemia 13.7 30.6d 18.9d 0.0 0.0 NR

Infections NR NR NR 12.2 42.2d 20.2d

Prolonged cytopenia NR NR NR 37.4 38.0d 58.1d

Febrile neutropenia 0.4 4.1d 0.4d 8.9 52.0d 14.4d

Anemia NR NR NR NA NA NA

Fatigue NR NR NR 1.5 2.8 6.3

Hypertension NR NR NR 4.4 7.4 NR

Hypotension NR NR NR 3.0 13.9 9.0

Hypoxia NR NR NR 1.1 11.1 NR

Leukopenia NR NR NR 14.4 16.7 NR

Lymphopenia NR NR NR 3.0 7.4 NR

Neutropenia NR NR NR NA NA NA

Pyrexia NR NR NR NR 13.9 5.4

AE adverse event, axi-cel axicabtagene ciloleucel, CRS cytokine release syndrome, liso-cel lisocabtagene maraleucel, MAIC matching-adjusted indirect

comparison, MCM mixture cure model, NA not applicable, NR not reported, OS overall survival, PFS progression-free survival, tisa-cel tisagenlecleucel
aAs a result of manufacturing failure, not measurable disease or AEs related to conditioning chemotherapy; modeled to receive salvage chemotherapy instead
bPatients who died before their CAR T-cell infusion were excluded from the simulation; those patients still accrued costs related to leukapheresis. Only

patients who survived and received their CAR T-cell infusion were assigned the costs of lymphodepleting chemotherapy and CAR T-cell product
cCure proportions are an output of the MCM analysis
dMAIC-adjusted rates
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Table 2 Utility and cost inputsa

Category Input Source

Health state utilities Mean utility SE

Pretreatment period 0.789 Varied via

variance-covariance

matrix

TRANSCEND NHL 001 19 Jun 2020 data cut; pretreatment assumed

the same as progressed diseaseProgression free 0.854

Progressed disease 0.789

Utility decrements due to treatment administration

IV administration - 0.023 0.008 Matza et al. 2013 [63]

Utility decrements due to grade C 3 AEs

CRS - 0.228

(QALY

decrement)

0.017 Howell et al. 2022 [46]

Neurotoxicity - 0.164 0.024 TRANSCEND NHL 001 EQ-5D-5L data analysis, 19 Jun 2020 data cut

Infections - 0.066 0.022

Prolonged cytopenia - 0.012 0.015

Other AEs - 0.019b 0.010

Costs

Liso-cel Axi-cel Tisa-cel

Leukapheresis, USD 5964 (SE assumed 10% of mean) Mean calculated from outpatient Medicare claims data; inflated to 2020

CAR T-cell treatment

acquisition, USD

410,300 399,000 373,000 BMS assumption; 2020 IBM� Micromedex� RED BOOK� [48]

CAR T-cell inpatient

administration per day, USD

15,328 (SE assumed 10% of mean) Based on analysis of Medicare 2019 claims data; inflated to 2020 and

HCUP 2017; inflated to 2020 cost [50]

CAR T-cell outpatient

administration per

infusion visit, USD

11,441 (SE assumed 10% of mean) Based on analysis of Medicare 2019 claims data; inflated to 2020

Inpatient administration, % 91 100 73 Liso-cel: TRANSCEND NHL 001 [30]

Kymriah: USPI [7]

Yescarta: USPI [6]

Pretreatment, 3L? and 4L? chemotherapy drug acquisition costs,c USD

Bendamustine 2473.80 per 100 mg 2020 IBM� Micromedex� RED BOOK� [48]

Cisplatin 30.00 per 100 mg

Cyclophosphamide 569.22 per 1000 mg

Cytarabine 18.38 per 2000 mg

Dexamethasone 24.78 per 100 mg

Fludarabine 94.50 per 50 mg

Gemcitabine 36.90 per 1000 mg

Oxaliplatin 34.20 per 50 mg

Prednisone 9.43 per 2000 mg

Rituximab 939.52 per 100 mg
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alkylating agent, was then applied for the
patients who received CAR T-cell infusion
[6, 7, 47].

Acquisition costs for liso-cel (50–110 9 106

CAR-positive T-cells), axi-cel (2 9 106

CAR-positive T-cells), tisa-cel (0.6–6.0 9 108

CAR-positive T-cells), and chemotherapies used
for lymphodepletion, bridging, salvage (for
those failing to receive CAR T-cell infusion),
and subsequent treatment were sourced from
the IBM� Micromedex� RED BOOK� pricing
file [48]. Salvage chemotherapy was modeled as
a mix of chemotherapy regimens (40% ritux-
imab plus gemcitabine and oxaliplatin; 30%
rituximab plus gemcitabine, dexamethasone,
and cisplatin [R-GDP]; and 30% rituximab plus
dexamethasone, cytarabine, and cisplatin [R-

DHAP]). R-GDP and R-DHAP comprise the
treatment arms in the LY.12 trial [49] (the lar-
gest contributing trial to SCHOLAR-1) [1].

Administration costs for CAR T-cell therapy
were based on the infusion setting (inpatient vs
outpatient) per the trials and prescribing infor-
mation. For patients who received CAR T-cell
therapy in the outpatient setting, cost estima-
tion was based on analysis of Medicare 2019
claims data inflated to 2020. For patients who
received infusions in the inpatient setting, the
duration of the inpatient stay for CAR T-cell
administration was assumed to be the same
across all CAR T-cell therapies (11 days total)
based on TRANSCEND, as differences in inpa-
tient stays due to AEs were captured separately
through treatment-specific AE rates. The cost

Table 2 continued

Category Input Source

Radiotherapy administration 350.00 per session InHealth Professional Services 2020 Physicians’ Fee and Coding Guide

[64]; average of simple, moderate, and complex radiotherapy costs

Allogeneic HSCT 163,377.00 (SE assumed 10% of mean) HCUP 2017; inflated to 2020 cost [50]

End of life 10,716.00 (SE assumed 10% of mean) Bekelman et al. 2016 [65]; 2010 cost inflated to 2020 cost

Monitoring, USD

CAR T-cell (up to 28 days

after infusion)

7776.00 Calculated overall cost based on unit costs and frequencies (Supplemental

Material 4 and Supplemental Table 5)

Progression free 6408.00

Progression free for more than

2 years

2582.00

After progression 2484.00

Postinfusion hospitalization

(per day), USD

3888 (SE assumed 10% of mean) HCUP 2017; inflated to 2020 cost [50]

3L? third line or later, 4L? fourth line or later, AE adverse event, axi-cel axicabtagene ciloleucel, BMS Bristol Myers Squibb, CAR chimeric antigen

receptor, CRS cytokine release syndrome, HCUP Healthcare Cost and Utilization Project, HSCT hematopoietic stem cell transplantation, IV intravenous,

liso-cel lisocabtagene maraleucel, MMRM mixed-effects model for repeated measures, QALY quality-adjusted life-year, SE standard error, tisa-cel tisagen-

lecleucel, USD United States dollars, USPI United States prescribing information
aThe MMRM model was developed by first testing predictors relevant for the specific health states and events in the economic model in a univariate analysis

to determine each factor’s statistical significance. Health states were defined by progression status; events of interest included AEs and progression. Age was

tested and found to be not statistically significant. It is possible that the signal associated with age was overwhelmed in the short-term data set by disease-

related symptoms. Utility was age adjusted in the economic model based on an external source [66]. Location of liso-cel administration (inpatient versus

outpatient) was included as a predictor in the univariate analysis but was not statistically significant and was accordingly excluded from the MMRM analysis
bBased on EQ-5D analysis on all other AEs not specifically analyzed (excluding CRS)
cChemotherapy dosing was based on patients’ average weight and height as per TRANSCEND NHL 001 (78.7 kg and 172.2 cm, respectively)
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per inpatient infusion was assumed to be the
same as an outpatient administration plus the
cost of one additional hospital bed day per the
Healthcare Cost Utilization Project (HCUP) [50].
The cost of the remaining 10 days of the inpa-
tient stay were based on the per-day cost from
HCUP (Table 2). Patients in TRANSCEND who
received nonconforming product accrued pre-
treatment, administration, and AE costs but did
not accrue liso-cel acquisition costs.

Subsequent treatment was modeled as a mix
of allogeneic hematopoietic stem cell trans-
plantation, salvage chemotherapy, radiother-
apy, and no active treatment, per TRANSCEND.
This was assumed to be the same for all CAR
T-cell therapies owing to the absence of pub-
lished data from ZUMA-1 and JULIET. The dis-
tribution of salvage chemotherapy regimens
was assumed to be the same as in the prepro-
gression state.

For all-grade CRS and NEs and grade 3 or
higher hypogammaglobulinemia, a microcost-
ing approach was used. This considered the
costs of drug therapy, diagnostics, and inpatient
stays associated with the events. A similar
approach was taken in other cost-effectiveness
studies of CAR T-cell therapy [51, 52] because
traditional costing approaches tend to under-
estimate the resources required to manage these
AEs [53]. Microcosting inputs for CRS and NE
were based on an analysis of the resources used
for managing these events during the TRANS-
CEND trial [54] (Supplemental Table 2).
Hypogammaglobulinemia inputs were based on
the Institute for Clinical and Economic Review’s
2018 assessment of CAR T-cell therapies for
B-cell cancers [52] (Supplemental Table 3). For
all other grade 3–4 AEs, per-event costs were
sourced from the HCUP [50] (Supplemental
Table 4); management of grade 1–2 AEs only
were assumed to require a single general prac-
titioner visit.

Overall costs of monitoring were calculated
from the unit costs for each resource and their
frequencies (Supplemental Table 5). The types
of resources and frequencies associated with the
28 days after infusion and PFS are modeled
separately for CAR T-cell therapy and salvage
chemotherapy (for those who failed to receive
CAR T-cell infusion), to reflect different

treatment-specific monitoring requirements.
Monitoring frequencies are treatment-indepen-
dent once patients remain in PFS for more than
2 years or enter a postprogression period.

Model Verification and Validation

Model programming underwent technical vali-
dation by a modeler not involved in its devel-
opment. Additionally, model projections of PFS
and OS for liso-cel were compared with the
Kaplan-Meier data for the leukapheresed popu-
lation in TRANSCEND to ensure model
assumptions and survival analyses were valid.

Analyses

The model estimated incremental
cost-effectiveness ratios using life-years (LY) and
QALYs over a lifetime horizon; the incremental
net monetary benefit (INMB) was calculated
basis on a willingness-to-pay (WTP) threshold of
$100,000 as the recommended lower bound by
the Institute for Clinical and Economic Review
[55]. Deterministic sensitivity analyses, proba-
bilistic sensitivity analyses (PSA), and scenario
analyses were conducted to explore the impact
of uncertainty in model parameters and struc-
tural assumptions (Supplementary Material).

Scenario analyses were performed to test
alternative settings and data sources for the
model inputs (Supplemental Tables 6 and 7).
Two key scenarios focused on differences
between the CAR T-cell therapy trials. The first
assumed that all patients received their CAR
T-cell infusion as this may differ between clini-
cal practice and the trials. The second explored
the impact of potential bias resulting from a
difference in the ZUMA-1 and TRANSCEND
designs regarding bridging therapy use. This
scenario compared liso-cel with axi-cel using an
MAIC that matched on bridging (i.e., excluding
patients from TRANSCEND who received
bridging therapy).

Compliance with Ethics Guidelines

Data used in this analysis were derived from
three previously conducted CAR T-cell therapy
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trials and does not contain any new studies on
human participants or animals performed by
any of the authors.

RESULTS

Base-Case Analysis

Liso-cel Versus Axi-cel
The proportions of patients remaining alive at
5 years were 43% for liso-cel versus 39% for axi-
cel (Fig. 2A). Liso-cel accrued marginally fewer
LYs (liso-cel: 6.18 LYs; axi-cel: 6.22 LYs) but
equivalent QALYs (liso-cel: 5.09; axi-cel: 5.09)
because of a lower AE-related QALY decrement
for liso-cel (Table 3). Total costs were higher for
axi-cel ($515,085) than liso-cel ($440,106), pri-
marily because of higher drug acquisition costs
due to more patients receiving CAR T-cell
infusion and AE management costs, which were
more than three times as high for axi-cel than
liso-cel ($51,643 vs $16,180). Liso-cel was less
costly (incremental cost of - $74,980) and
marginally more effective (0.002 incremental
QALYs) than axi-cel, with a positive INMB of
$75,170 at a WTP threshold of $100,000 per
QALY gained (Table 3).

Liso-cel Versus Tisa-cel
A higher proportion of patients who received
liso-cel remained alive at 5 years versus those
who received tisa-cel (43% vs 25%) (Fig. 2b).
Consequently, patients receiving liso-cel
accrued greater LYs (6.18) and QALYs (5.09)
compared with tisa-cel (3.75 LYs; 3.07 QALYs).
Tisa-cel was associated with lower total costs
than liso-cel ($372,180 vs $440,106), which was
primarily due to the lower proportion of tisa-
cel–treated patients receiving planned CAR
T-cell infusion. Treatment with liso-cel was
associated with an incremental cost of $67,925
and 2.02 incremental QALYs over tisa-cel,
resulting in an incremental cost per QALY
gained of $33,618 (Table 3).

Deterministic Sensitivity Analyses

Liso-cel Versus Axi-cel
The 15 parameters that resulted in the greatest
change in the base-case INMB are presented in
Fig. 3A. The key driver of model results was the
OS cure fraction for liso-cel. Of the remaining
parameters, the proportion of patients experi-
encing grade 3–4 AEs for axi-cel had the next
largest impact on model results, but this impact
was relatively small.

Liso-cel Versus Tisa-cel
As in the comparison with axi-cel, the main
driver of results versus tisa-cel was the OS cure
fraction for liso-cel. In addition, the utility
value for those in long-term remission and the
proportion who failed to receive tisa-cel infu-
sion had a moderate impact on INMB (Fig. 3B).

PSA

Liso-cel Versus Axi-cel
Results of the PSA simulations straddle the
southwest and southeast quadrants, indicating
certainty regarding cost savings with liso-cel
(cheaper in almost all simulations) but uncer-
tainty in incremental benefit (Fig. 4A). Half the
simulations support the deterministic result
that liso-cel was more effective and less costly
than axi-cel. At a WTP threshold of $100,000
per QALY, liso-cel had an 82% probability of
being cost-effective versus axi-cel (Fig. 4B).

Liso-cel Versus Tisa-cel
Most of the simulations for liso-cel versus tisa-
cel (98%) fall within the northeast quadrant of
the cost-effectiveness plane, supporting the
deterministic results that liso-cel provides better
health outcomes at a higher cost (Fig. 4A). At a
WTP threshold of $100,000 per QALY, liso-cel
had a 96% probability of being cost-effective
versus tisa-cel (Fig. 4C).

2364 Adv Ther (2023) 40:2355–2374



Scenario Analysis

Liso-cel Versus Axi-cel
The results for the top 15 scenarios that resulted in
the greatest change in the base-case INMB are
presented in Supplemental Table 6. Key scenarios

included naı̈ve comparisons (instead of MAIC) for
OS and PFS, assuming salvage chemotherapy effi-
cacy for liso-cel–treated patients receiving non-
conforming product, assuming all leukapheresed
patients receive CAR T-cell therapy, and using an
alternative source and costing approach for AEs.

Table 3 Base-case results

Liso-cel Axi-cel Tisa-cel

Infused patients remaining progression free at 5 years, % 39 39 23

Proportion of infused patients alive at 5 years, % 43 39 25

Total discounted LYs 6.18 6.22 3.75

Pretreatment period 0.10 0.06 0.14

Progression free 5.59 5.89 3.26

After progression 0.49 0.27 0.35

Total discounted QALYs 5.09 5.09 3.07

Pretreatment period 0.08 0.05 0.11

Progression free 4.63 4.88 2.70

After progression 0.39 0.22 0.27

3L? and 4L? treatment-related QALY decrementa - 0.0005 - 0.0005 - 0.0007

3L? treatment-related AEs - 0.01 - 0.06 - 0.02

Total discounted costs, USD 440,106 515,085 372,180

Pretreatment to 3L? 16,509 10,033 16,931

Primary 3L? treatment - acquisition and administration 335,345 378,614 274,367

4L? subsequent treatments - acquisition and administration 1202 1053 1389

4L? HSCT 3545 3126 4337

3L? treatment-related AE management 16,180 51,643 21,809

Resource use and end-of-life care 67,324 70,616 53,347

Incremental LYs (liso-cel vs comparator) - 0.04 2.43

Incremental QALYs (liso-cel vs comparator) 0.002 2.02

Incremental costs, USD (liso-cel vs comparator) - $74,980 $67,925

Incremental cost per QALY gained, USD (liso-cel vs comparator) Dominant $33,618

Incremental net monetary benefit, USD (liso-cel vs comparator) $75,170 $134,125

3L? third line or later, 4L? fourth line or later, AE adverse event, axi-cel axicabtagene ciloleucel, HSCT hemopoietic stem
cell transplantation, liso-cel lisocabtagene maraleucel, LY life-year, QALY quality-adjusted life-year, tisa-cel tisagenlecleucel,
USD United States dollars
aThis result accounts for the utility decrement from intravenous drug administration
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Results are also presented for two scenarios
that explored the impact of differences in the
TRANSCEND and ZUMA-1 study designs. In the
scenario that assumed all patients received CAR
T-cell infusion, liso-cel was more effective and
less costly than axi-cel, with greater QALYs and
less cost-savings compared with the base case

(Table 4). In the scenario using an MAIC versus
axi-cel for PFS and OS that matched on bridging
therapy, results were similar to the base case,
with slightly increased LYs and QALYs and
marginally greater cost savings for liso-cel ver-
sus axi-cel (Table 4).

Fig. 3 DSA tornado diagram showing incremental net
monetary benefits: liso-cel versus axi-cel (A) and liso-cel
versus tisa-cel (B). AE adverse event, axi-cel axicabtagene
ciloleucel, CAR chimeric antigen receptor, CI confidence

interval, CRS cytokine release syndrome, DSA determin-
istic sensitivity analysis, liso-cel lisocabtagene maraleucel,
OS overall survival, PFS progression-free survival, tisa-cel
tisagenlecleucel, USD United States dollars
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Liso-cel Versus Tisa-cel
The scenarios resulting in the greatest change in
the base-case INMB versus tisa-cel were varia-
tions in the discount rate for health outcomes
and the model time horizon, naı̈ve comparisons
(instead of MAIC) for OS and PFS, and assuming
all leukapheresed patients receive CAR T-cell
therapy (Supplemental Table 7). In the latter,
liso-cel remained highly cost-effective versus
tisa-cel (Table 4).

DISCUSSION

This analysis estimated that liso-cel is
cost-effective compared with tisa-cel, yielding
greater LYs and QALYs, with modest increases
in costs. Compared with axi-cel, liso-cel yielded
marginally fewer LYs but marginally greater
QALYs at lower cost, owing to liso-cel’s favor-
able safety profile (resulting in lower QALY
decrements and management costs due to AEs).
Specifically, liso-cel is associated with lower
rates of grade 3 or higher CRS and NEs than axi-
cel based on TRANSCEND and ZUMA-1,
respectively (2% CRS, 10% NEs for liso-cel [30]
versus 11% CRS, 32% NEs for axi-cel [38],
unadjusted rates). Compared with tisa-cel, liso-
cel accrued incremental LY (2.43) and QALY
(2.02) gains, with a large increase in incremen-
tal cost (? $67,925); the lower cost of tisa-cel
was driven primarily by the lower proportion of
patients receiving CAR T-cell therapy than were
planned. Results remained relatively consistent
in sensitivity analyses, with the liso-cel OS cure
fraction being the main driver of cost-effec-
tiveness compared with both axi-cel and tisa-
cel. Health outcomes (LYs and QALYs) of this
analysis were similar to results reported in other
published cost-effectiveness studies in the US as
outlined in Supplemental Table 8 [19, 23, 27,
28, 52]. The ranges of axi-cel discounted LYs
and QALYs, respectively, were 7.35–9.49 and
4.28–7.67; the only reported discounted LYs for
tisa-cel were 6.73, and the range of QALYs was
2.82–5.16.

The model used a partitioned survival
approach to estimate health state occupancy,
which is commonly used in other published
models of CAR T-cell therapies [13–28]. The

design captured the unique stages of CAR T-cell
therapy, including the pretreatment period.
Extrapolation of survival outcomes using MCM
has been widely accepted in health technology
assessments of CAR T-cell therapies in R/R LBCL
[15, 21, 22, 25, 56]. MCM also provided the best
fit of the survival models assessed, and the
resulting model PFS and OS projections for liso-
cel (based on the infused cohort and pretreat-
ment stratification to liso-cel and salvage
chemotherapy) provided a very close fit to the
Kaplan-Meier curves for the leukapheresed set
in TRANSCEND.

CAR T-cell therapy represents a new treat-
ment paradigm, and real-world data on patterns
of use, safety, and effectiveness are still imma-
ture, which this analysis attempted to mitigate.
Typical approaches for costing AE management
(e.g., based on hospital stays) may underesti-
mate resources required to manage CAR T-cell
therapy–specific toxicities, such as CRS, NE, and
hypogammaglobulinemia. Accordingly, the
base-case analysis used a microcosting approach
to estimate these costs. Additionally, the anal-
ysis used the longest follow-up from each trial
available when the model was developed
(TRANSCEND: 24 months [32]; ZUMA-1: 27.1–-
51.1 months [37, 38]; and JULIET: 40.3 months
[39]), helping to minimize uncertainty in the
MCM and estimated cure fractions. The analysis
also leveraged the larger TRANSCEND patient
population (n = 270) relative to the other trials
and EQ-5D-5L data from TRANSCEND, wher-
ever possible.

Without head-to-head studies, MAICs of
effectiveness and safety for liso-cel versus axi-cel
and tisa-cel were conducted to adjust for key
differences between trial populations (eligibility
criteria and baseline characteristics) and hence
minimize potential bias induced when com-
paring single-arm trials [40, 41]. Although
MAICs were conducted for efficacy and safety
data, there were limitations to this analysis
where not all differences in trial designs could
be thoroughly adjusted for, which may bias
cost-effectiveness. There were notable differ-
ences in the pivotal trial designs for each CAR
T-cell therapy. These include patients’ disease
histology during enrollment, CAR T-cell infu-
sion setting (inpatient and/or outpatient),
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whether bridging therapy was permitted, time
to CAR T-cell infusion, and whether patients
had a confirmed manufacturing slot before
enrollment [57].

Firstly, ZUMA-1 did not permit bridging
therapy per protocol, and the MAIC used in the
base case did not adjust for this difference [41],
which may bias against liso-cel. Patients who
received bridging therapy in TRANSCEND had
worse prognoses, and the base-case results are
likely to underestimate the value of liso-cel
versus axi-cel. In the scenario analysis that
adjusted for bridging therapy, liso-cel was more
effective and less costly than axi-cel with similar
incremental costs and QALYs to the base case.

Secondly, ZUMA-1 did not permit enroll-
ment and leukapheresis unless a manufacturing
slot was available, whereas TRANSCEND and
JULIET enrolled patients before confirming a
manufacturing slot [57]. This may have reduced
the duration of the pretreatment period in
ZUMA-1 and increased the percentage of
patients who received their CAR T-cell infusion.
In contrast, the pretreatment period was longer
and more manufacturing failure was observed
in JULIET than in ZUMA-1 and TRANSCEND.
Furthermore, differences in the proportion of
leukapheresed patients who received CAR T-cell
infusions are a driver of cost-effectiveness,
illustrated by the scenario analysis in which the
incremental cost-effectiveness ratio versus tisa-
cel was approximately half the base case
($14,352 vs $33,618) and liso-cel remained
more effective and cost-saving versus axi-cel
with a larger QALY gain (0.402 vs 0.002).

Although the analysis leveraged the TRANS-
CEND EQ-5D data wherever possible, there were
limitations to the data. MMRM analysis indi-
cated that utility for patients in PFS (without
AEs) was marginally higher than that of the
general population based on US index scores
and age-adjusted population norms. This find-
ing may demonstrate potential bias as TRANS-
CEND is a single-arm, open-label trial. Because
TRANSCEND data could not inform all utility
inputs owing to small numbers of events or lack
of a signal from the data, sources using different
elicitation methods or populations were used.
This included a vignette study to inform the
disutility of grade 3 or higher CRS, valued via
time trade-off, which improves on data used in
other cost-effectiveness analyses of CAR T-cell
therapies [16, 17, 58, 59].

Clinical trials may not accurately reflect real-
world practice. Additional data challenges
necessitated modeling assumptions; for exam-
ple, based on the assessment of patient-level data
from TRANSCEND, efficacy was assumed to be
the same for patients receiving liso-cel and
nonconforming product, and because of a lack of
reported data, 0% of patients in the axi-cel and
tisa-cel arms were assumed to receive product
outside of specifications. Protocol procedures in
CAR T-cell trials have evolved regarding the use
of prophylactic corticosteroids and earlier

Table 4 Trial design scenario analysis results

Liso-cel vs
tisa-cel

Liso-cel vs
axi-cel

All patients receive CAR T-cell infusion

Incremental LYs 2.61 0.44

Incremental QALYs 2.18 0.402

Incremental costs, USD 31,260 - 18,048

Incremental cost per

QALY gained, USD

14,352 Dominant

MAIC matching on bridging

Incremental LYs 0.07

Incremental QALYs 0.107

Incremental costs, USD - 75,251

Incremental cost per

QALY gained, USD

Dominant

axi-cel axicabtagene ciloleucel, CAR chimeric antigen
receptor, liso-cel lisocabtagene maraleucel, LY life-year,
MAIC matching-adjusted indirect comparison, QALY
quality-adjusted life-year, tisa-cel tisagenlecleucel; USD
United States dollars

bFig. 4 Incremental cost-effectiveness scatter plot (A) and
cost-effectiveness acceptability curve for liso-cel versus axi-
cel (B) and liso-cel versus tisa-cel (C). axi-cel axicabtagene
ciloleucel, liso-cel lisocabtagene maraleucel, tisa-cel tisagen-
lecleucel, QALY quality-adjusted life-year
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corticosteroid/tocilizumab treatment-emergent
AE management, which may change the cost
inputs in models such as ours [9, 60]. Addition-
ally, bridging therapies before and subsequent
therapies after CAR T-cell therapies have chan-
ged since the conduct of the pivotal studies
included in this analysis, which may influence
treatment outcomes and toxicities; current data
are limited and are not expected to materially
affect cost-effectiveness, as changes should affect
all three CAR T-cell therapies equally. Finally,
despite use of the longest follow-up available
from TRANSCEND, ZUMA-1, and JULIET at the
time of model development, longer follow-up
from these trials and real-world cohorts would
enable further validation of the long-term sur-
vival projections in this cost-effectiveness
analysis.

CONCLUSIONS

This analysis estimated that liso-cel is
cost-effective compared with axi-cel and tisa-cel
from a US commercial payer perspective. Com-
pared with axi-cel, liso-cel generated similar
QALYs at lower cost, partly owing to lower rates
of highly burdensome AESIs for CAR T-cell ther-
apies. Compared with tisa-cel, liso-cel generated
greater QALYs owing to superior survival, but at
slightly higher cost because of higher drug
acquisition cost. Overall, our findings provide the
comparative cost-effectiveness of CAR T-cell
therapies and highlight some of the key drivers of
the cost-effectiveness (e.g., acquisition costs, AE
rates, and survival benefits), which can inform
clinical and payer decision-makers.
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