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ABSTRACT

Introduction: Cost-effectiveness data on chi-
meric antigen receptor (CAR) T cell therapies for
relapsed/refractory large B cell lymphoma (R/R
LBCL), accounting for inpatient/outpatient site
of care (site), are sparse.
Methods: This payer model compares lifetime
costs/benefits for CAR T cell-treated (axicabta-
gene ciloleucel [axi-cel], lisocabtagene mar-
aleucel [liso-cel], tisagenlecleucel [tisa-cel])
patients with R/R LBCL in the USA. Three-

month post-infusion costs were derived from
unit costs and real-world all-payer (RW) site-
specific utilization data for 1175 patients with
diffuse R/R LBCL (CAR T cell therapy October
2017–September 2020). Therapy- and site-
specific grade 3? cytokine release syndrome
(CRS) and neurologic event (NE) incidences
were imputed from published trials. Lifetime
quality-adjusted life-years (QALYs) and long-
term costs were calculated from therapy-specific
overall and progression-free survival data,
adjusted for differences in trial populations. The
base case used 17% outpatient site (RW) for all
therapies. ZUMA-1 trial cohorts 1/2 informed
other axi-cel base case inputs; ZUMA-1 cohorts
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4/6 data (updated safety management) sup-
ported scenario analyses.
Results: Base case total costs for axi-cel excee-
ded liso-cel ($637 K versus $621 K) and tisa-cel
($631 K versus $577 K) costs. Three-month post-
infusion costs were $57 K to $59 K across all
therapies. Total QALYs for axi-cel also exceeded
those for liso-cel (7.7 versus 5.9) and tisa-cel (7.2
versus 5.0) with incremental costs per QALY
gained of $9 K versus liso-cel and $25 K versus
tisa-cel. Base case incremental net monetary
benefit was $255 K (95% confidence interval
(CI) $181–326 K) for axi-cel versus liso-cel, and
$280 K (95% CI $200–353 K) versus tisa-cel.
Longer survival with axi-cel conferred higher
lifetime costs. In all scenarios (e.g., varied out-
patient proportions, CRS/NE incidence), axi-cel
was cost-effective versus both comparators at a
maximum willingness-to-pay of under $26 K/
QALY as a result of axi-cel’s higher incremental
survival gains and quality-of-life.
Conclusions: Axi-cel is a cost-effective CAR
T cell therapy for patients with R/R LBCL com-
pared to tisa-cel and liso-cel. Site of care does
not impact the cost-effectiveness of CAR T cell
therapy.

Keywords: Axicabtagene ciloleucel; CAR T cell
therapy; Chimeric antigen receptor T cell
therapies; Cost-effectiveness; Lisocabtagene
maraleucel; Relapsed/refractory large B cell
lymphoma; Tisagenlecleucel

Key Summary Points

Why carry out this study?

Chimeric antigen receptor (CAR) T cell
therapies have changed the treatment
paradigm for patients with relapsed or
refractory large B cell lymphoma (R/R
LBCL).

There are three anti-CD19 CAR T cell
therapies approved for R/R LBCL by the
US Food and Drug Administration, but the
relative cost-effectiveness of these
therapies, accounting for site of care (i.e.,
inpatient/outpatient infusion), has not
yet been well evaluated.

To address this knowledge gap, we
constructed a payer perspective model to
compare lifetime costs/benefits for
CAR T cell-treated (axicabtagene
ciloleucel [axi-cel], lisocabtagene
maraleucel [liso-cel], tisagenlecleucel [tisa-
cel]) patients with R/R LBCL in the USA.

What has been learned from this study?

For patients with R/R LBCL, axi-cel confers
a greater survival benefit than other
approved CAR T therapies and is also cost-
effective compared to those therapies (i.e.,
tisa-cel and liso-cel).

Site of care does not impact the cost-
effectiveness of CAR T cell therapy.

INTRODUCTION

Cellular immunotherapy using chimeric anti-
gen receptor (CAR) transduced T cells has
changed the treatment paradigm for patients
with relapsed or refractory large B cell lym-
phoma (R/R LBCL). There are currently three
anti-CD19 CAR T cell therapies approved by the
US Food and Drug Administration (FDA) for the
treatment of adult patients with R/R LBCL after
two or more lines of systemic therapy: axicab-
tagene ciloleucel (axi-cel; YESCARTA� [1]),
lisocabtagene maraleucel (liso-cel; BREYANZI�

[2]), and tisagenlecleucel (tisa-cel; KYMRIAH�

[3]) [4]. The approvals were made on the basis of
the results of the ZUMA-1 trial for axi-cel [5],
TRANSCEND trial for liso-cel [6], and JULIET
trial for tisa-cel [7].

The overall response rates reported in trials
of these CAR T cell therapies has ranged from
52% (tisa-cel) to 82% (axi-cel) [5–7] However,
CAR T cell therapies are also associated with two
potentially serious adverse events (AEs): cyto-
kine release syndrome (CRS) and neurologic
event (NE). In the ZUMA-1 trial of axi-cel,
grade 3? CRS and NE occurred in 13% and 28%,
respectively, of patients in pivotal cohorts 1 and
2 [5]. Corresponding numbers are 22% and 12%
from the JULIET trial for tisa-cel [7], and 2% and
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10% from the TRANSCEND trial for liso-cel [6].
Onset of CRS and NE are typically 2–3 days and
4–10 days after CAR T cell infusion, with dura-
tions of 7–8 days and 14–17 days, respectively
[8]. Disease burden, lymphodepletion regimen,
and CAR T cell dose can impact the severity of
CRS and NE [9]. Treatment for CRS includes
anti-IL-6 therapy (e.g., tocilizumab) and corti-
costeroids, while treatment for NE is mainly
corticosteroids with additional supportive care
[8].

To mitigate the risks of CRS and NE,
healthcare facilities that dispense and adminis-
ter CAR T cell therapy must be enrolled in and
comply with the Risk Evaluation and Mitigation
Strategies requirements [4]. As such, CAR T cell
therapies are currently administered at autho-
rized treatment centers and are primarily
delivered in the inpatient setting.

Interest in outpatient administration is
growing over time as safety management
improves. Indeed, 26% of patients in the JULIET
trial received tisa-cel in outpatient sites of care
[7]. As use of CAR T cell therapies continues to
evolve, especially with regard to site of care, it is
important to understand the cost-effectiveness
(CE) and value of these therapies. This study
addresses payer costs and health benefits of CAR
T cell therapy for patients with R/R LBCL who
previously received at least two lines of systemic
therapy, while accounting for site of CAR T cell
infusion. The analysis estimates CE results for
specific CAR T cell therapies (i.e., axi-cel, tisa-
cel, and liso-cel) over time horizons ranging
from 3 months to patient lifetime, with health
benefits captured in the form of quality-ad-
justed life-years (QALYs). Real-world data on
short-term healthcare resource use post CAR
T cell infusion, stratified by CAR T cell site of
care and CRS and NE status, informed cost
estimates.

METHODS

Structure

A decision-tree model compared lifetime direct
healthcare costs and benefits between axi-cel
and each of two other CAR T cell therapies

marketed in the USA: tisa-cel and liso-cel
(Fig. 1). The costs included in the model span
the pre-infusion period through patients’
expected lifetimes (Fig. S1 in the supplementary
material). Cost calculations accounted for the
proportion of patients infused with CAR T cells
in inpatient versus outpatient sites of care and
site-specific CRS and NE incidence for each
treatment. Partitioned survival models based on
Liu et al. [10] and Oluwole et al. [11] formed the
basis of post-infusion cost and QALY estimates
(Fig. S2a, b in the supplementary material).

Data

For all CAR T cell therapies, safety and efficacy
input values were derived from clinical trial data
and utilization input values came from claims
data. Ninety-day post-infusion costs apart from
those associated with stem cell transplant (SCT)
and use of intravenous immune globulin (IVIG)

Fig. 1 Decision tree model structure. R/R LBCL re-
lapsed/refractory large B cell lymphoma, CAR chimeric
antigen receptor, CRS cytokine release syndrome, NE
neurologic event
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were derived from real-world resource use esti-
mates. Anlitiks All-Payor Claims (AAPC) data
were analyzed to assess average per patient
inpatient days (intensive care unit (ICU) and
non-ICU), emergency department (ED) visits,
and outpatient/other visits in the 91-day period
beginning on the day of CAR T cell infusion,
stratified by CAR T cell site of care and CRS and
NE status. The AAPC data comprise linked
pharmacy and medical claims from a nationally
representative sample of patients with Com-
mercial, Medicaid, Medicare Fee-for-Service, or
Medicare Advantage healthcare coverage.

The AAPC analysis included data from 1175
adult patients with R/R diffuse LBCL who had at
least 6 months of continuous health plan
enrollment prior to receiving CAR T cell therapy
between October 2017 and September 2020. In
this sample, average rates of healthcare resource
utilization as described above were evaluated
separately in six subgroups defined by CAR
T cell site of care (inpatient or outpatient) and
AE status (CRS, NE, or neither) and used to
estimate short-term healthcare resource use
among modeled patients (S3 and Table S4 in the
supplementary material).

The percentage of patients infused with CAR
T cells in an inpatient versus outpatient setting
was also derived from AAPC data. In the base
case,1 the same proportion of outpatient use,
equal to the overall rate observed in the full
sample of patients identified in the AAPC data,
was used for all three CAR T cell therapies
studied. However, rates were varied for each
CAR T cell treatment independently in sensi-
tivity analyses (Table 1, and Table S5 in the
supplementary material).

Cost Estimation

The model estimates average per patient life-
time costs (2020 US dollars) as the sum of five
categories of costs (Fig. S1 in the supplementary
material):

1. CAR T cell-related and other relevant pre-
infusion costs (t B 0), including costs of
apheresis, bridging therapy, lymphodeple-
tion chemotherapy, and CAR T cell acquisi-
tion and administration

2. Near-term post-infusion costs (0 B t B
90 days), including ICU, non-ICU inpatient,
ED, and outpatient/other costs

3. Distant post-infusion costs (t[90 days),
including costs associated with pre-progres-
sion and post-progression routine care
applied to surviving patients

4. End of life costs (t[ 3 days), including costs
of palliative and other end of life care
applied monthly to the newly deceased
share of patients

5. Other post-infusion costs (0\ t B
365 days), including post-infusion SCT
costs applied in months 2–3 to the share
of (living) patients undergoing SCT post
CAR T cell infusion, and IVIG costs incurred
during the first model year post infusion

Benefit Estimation

Benefits were determined for each CAR T cell
treatment, regardless of the CAR T cell site of
care, on the basis of prior partitioned survival
models developed using matching-adjusted
indirect comparison (MAIC) survival curves
from the clinical trials of each CAR T cell treat-
ment, along with health utility multipliers
accounting for time since CAR T cell infusion
and progression status.

MAIC-adjusted overall survival (OS) and
progression-free survival (PFS) curves for axi-cel,
tisa-cel, and liso-cel from Liu et al. [10] and
Oluwole et al. [11] were used to model long-
term costs, QALYs, life years, and NMB associ-
ated with each therapy. The MAICs matched
axi-cel individual patient data to the baseline
characteristics of each other CAR T cell trial

1 ‘‘Base case’’ refers to the set of input values used in
model calculations which collectively return the
expected value(s) of model outcome measures for the
target population of interest. It is distinguished from
‘‘scenarios’’ and ‘‘sensitivity analyses’’ which use alterna-
tive values for one or more model input parameters for
the purpose of evaluating uncertainty in model results,
exploring the effects of potential changes in treatment
protocols, and/or studying particular subgroups of the
overall target population.
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Table 1 Model inputs related to costs, CAR T cell site of care, health utilities, and discount rates

Base Low High Reference(s)

Unit costs ($)

CAR T cell administration cost $148 $119 $178 [19]

Apheresis cost/patient $112 $89 $134 [19]

Cost/package

Bendamustine $2474 $1979 $2969 [12]

Cyclophosphamide $280 $224 $336 [12]

Fludarabine $95 $76 $113 [12]

IVIG $999 $799 $1199 [12]

Bridging therapy cost/patient $3426 $2740 $4111 [21, 24]

Lymphodepleting chemotherapy administration cost $148 $119 $178 [19]

SCT cost/episode $309,356 $247,485 $371,227 [20, 24]

IVIG administration cost $148 $119 $178 [19]

Inpatient hospitalization cost/day

ICU day $6305 $5044 $7566 [22, 24]

Non-ICU day $2875 $2300 $3450 [23, 24]

ED visit cost $124 $99 $149 [19]

Outpatient/other visit cost $183 $147 $220 [19]

Routine care costs/patient/month, months 4?

Pre progression, months 4–60 $1829 $1463 $2195 [10, 24]

Pre progression, months 61? $365 $292 $438 [10, 24]

Post progression $1829 $1463 $2195 [10, 24]

End of life care cost/patient $19,529 $15,623 $23,435 [10, 24]

CAR T cell site of carea

Inpatient % 82.9% 66.3% 99.5% b

Relative CRS and NE incidence between CAR T cell sites of care,

inpatient/outpatient

1.38 1.10 1.65 [18]

Health utilities

On CAR T cell therapy (month 1) 0.740 0.592 0.888 [27]

Off therapy, months 2?

Pre progression, months 2–60 0.782 0.626 0.938 [27]

Pre progression, months 61? 0.820 0.656 0.984 [27]

Post progression 0.390 0.312 0.468 [26]
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(i.e., JULIET and TRANSCEND) separately. The
axi-cel-matched to liso-cel results are only used
when comparing axi-cel to liso-cel; similarly,
the axi-cel matched to tisa-cel results are only
used when comparing axi-cel to tisa-cel.
Accordingly, there are two sets of input data for
axi-cel and two corresponding sets of results in
this analysis. The researchers did not have
access to individual patient data for liso-cel
matched to tisa-cel or vice versa, so direct
comparisons between liso-cel and tisa-cel were
not made.

CAR T Cell Inputs

All patients were assumed to receive CAR T cell
therapy. CAR T cell wholesale acquisition costs
came from Red Book (Table 2, and Table S6 in
the supplementary material) [12]. Costs per
patient receiving lymphodepleting chemother-
apy (bendamustine, cyclophosphamide-flu-
darabine) were calculated separately for each
CAR T cell therapy on the basis of the body
surface area-based dosing schedule(s) followed
in the relevant FDA-approved labels [1–3]
assuming no vial sharing across patients and a
mean per patient body surface area of 78.7 m2

[13]. In the base case, estimated costs of lym-
phodepletion were approximately $9 K per
patient receiving bendamustine and between $2
and $3 K per patient receiving cyclophos-
phamide-fludarabine for all CAR T cell
therapies.

Percentages of patients receiving bridging
therapy, lymphodepleting chemotherapy, SCT

after CAR T cell therapy, and post-infusion
IVIG, as well as incidence rates of grade 3? CRS
and NEs (CRS only, NE only, and comorbid CRS
and NE) were based on the ZUMA-1 trial pro-
gram for axi-cel [5, 14], the TRANSCEND trial
program for liso-cel [6, 15], and the JULIET trial
program for tisa-cel [7, 16, 17]. In the base case,
where possible, matching-adjusted estimates
based on prior published indirect comparisons
to liso-cel and tisa-cel were used for inputs
specific to axi-cel. CRS and NE were assumed to
present within 90 days following CAR T cell
infusion for all therapies. The ratio of CRS and
NE incidence between inpatient and outpatient
CAR T cell sites of care was estimated from data
published on the TRANSCEND and OUTREACH
liso-cel trials [18]. As a result of lack of product-
specific data, the same ratio was used for axi-cel
and tisa-cel but ratios were varied for each
therapy independently in sensitivity analyses.

As discussed above, OS and PFS were derived
from the relevant survival curves previously
generated using partitioned survival mixture-
cure models based on the results of MAIC of axi-
cel to each of tisa-cel [10] and liso-cel [11]
(Fig. S2a, b in the supplementary material).

General Model Inputs

General inputs applied to all CAR T cell thera-
pies included unit costs unrelated to CAR T cell
acquisition; select patient characteristics; and
health utility multipliers (Table 1, and Table S5
in the supplementary material). All patients
were assumed to undergo apheresis and to

Table 1 continued

Base Low High Reference(s)

Discount rate (%)

Costs 3.0% 0.0% 6.0%

Health benefits 3.0% 0.0% 6.0%

CAR chimeric antigen receptor, CRS cytokine release syndrome, ED emergency department, ICU intensive care unit, IVIG
intravenous immune globulin, NE neurologic event, SCT stem cell transplant
aVaried for each CAR T cell therapy independently
bDerived from Anlitiks All-Payor Claims data
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Table 2 Treatment-related model inputs

Base Low High References

Axi-cel

CAR T cell acquisition cost per patient ($) $399,000 $359,100 $438,900 [12]

% receiving bridging therapy 0.0% 0.0% 20.0% [5]

% receiving lymphodepleting chemotherapy

Bendamustine 0.0% 0.0% 20.0% [5]

Cyclophosphamide-fludarabine 100.0% 80.0% 100.0% [5]

% receiving SCT post CAR T cell infusion 7.9% 6.3% 9.5% [10]

Grade C 3 CRS and NE incidence (%)

MAIC-matched axi-cel versus liso-cela

CRS but not NE 3.0% 2.4% 3.6% [34]

NE but not CRS 22.8% 18.2% 27.4% [34]

Both CRS and NE 6.0% 4.8% 7.2% [34]

MAIC-matched axi-cel versus tisa-celb

CRS but not NE 2.9% 2.3% 3.5% [35]

NE but not CRS 20.7% 16.5% 24.8% [35]

Both CRS and NE 6.4% 5.1% 7.7% [35]

% receiving IVIG 30.6% 24.4% 36.7% [14]

Liso-cel

CAR T cell acquisition cost/patient ($) $410,300 $369,270 $451,330 [12]

% receiving bridging therapy 59.1% 47.3% 70.9% [6]

% receiving lymphodepleting chemotherapy

Bendamustine 0.0% 0.0% 20.0% [6]

Cyclophosphamide-fludarabine 100.0% 80.0% 100.0% [6]

% receiving SCT post CAR T cell infusion 7.6% 6.1% 9.1% [36]

Grade C 3 AE incidence (%)

CRS but not NE 1.9% 0.7% 1.1% [6, 15]

NE but not CRS 8.8% 7.0% 10.5% [6, 15]

Both CRS and NE 1.8% 1.4% 2.1% [6, 15]

% receiving IVIG 21.0% 16.8% 25.2% [37]

Tisa-cel

CAR T cell acquisition cost/patient ($) $373,000 $335,700 $410,300 [12]

% receiving bridging therapy 91.9% 73.5% 100.0% [7]

% receiving lymphodepleting chemotherapy
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receive CAR T cell therapy; the same unit costs
of CAR T cell administration and apheresis from
the 2021 Centers for Medicare and Medicaid
Services (CMS) Physician Fee Schedule [19] were
applied to all patients for all CAR T cell thera-
pies. Supportive care therapy costs were also the
same across CAR T cell therapies in terms of the
cost per pack of bendamustine, cyclophos-
phamide, fludarabine, and IVIG based on Red
Book� WAC prices from 2021 [12]. SCT and
bridging therapy costs included costs for the
entire episode of care and were based on esti-
mates from published literature [20, 21].

Costs associated with inpatient hospitaliza-
tion in the 91 days following and including the
day of CAR T cell infusion were based on unit
costs and quantities of ICU days, non-ICU days,

ED visits, and outpatient and other facility vis-
its. Unit costs came from Gershengorn et al.
[22], the 2021 HCUP National inpatient sample
[23], and the 2021 CMS Physician Fee Schedule
[19]. Numbers of visits and days were derived
from aforementioned analyses of real-world
data.

Costs incurred more than 90 days post CAR
T cell infusion were based on progression status
(pre versus post progression) and represent
bundled costs associated with routine care.
Consistent with Liu et al. [10], the average
monthly cost of routine care per progression-
free patient was assumed to decrease after
5 years post CAR T cell infusion. Both pre- and
post-progression unit costs, as well as end-of-life
care costs, were derived from Liu et al. [10].

Table 2 continued

Base Low High References

Bendamustine 19.8% 15.9% 23.8% [7]

Cyclophosphamide-fludarabine 73.0% 58.4% 87.6% [7]

% receiving SCT post CAR T cell infusion 5.4% 4.3% 6.5% [7]

Grade C 3 AE incidence (%)c

CRS but not NE 7.2% 5.8% 8.6% [16, 17]

NE but not CRS 4.5% 3.6% 5.4% [16, 17]

Both CRS and NE 9.9% 7.9% 11.9% [16, 17]

% receiving IVIG 30.0% 24.0% 36.0% [7]

AE adverse event, CAR chimeric antigen receptor, CRS cytokine release syndrome, IVIG intravenous immune globulin,
MAIC matching-adjusted indirect comparison, NE neurologic event, SCT stem cell transplant
aMAIC-adjusted data for axi-cel versus liso-cel on the share of patients experiencing both CRS and NE were not available.
For axi-cel versus liso-cel, shares of patients with CRS but not NE, NE but not CRS, and both CRS and NE were derived
from available MAIC-adjusted data on the share of patients with CRS with or without NE and the share of patients with
NE with or without CRS, assuming that the ratio of the share of patients with both CRS and NE to the smaller of the
former two shares equals that reported for liso-cel in the TRANSCEND trial [15]
bMAIC-adjusted data for axi-cel versus tisa-cel on the share of patients experiencing both CRS and NE were not available.
For axi-cel versus tisa-cel, shares of patients with CRS but not NE, NE but not CRS, and both CRS and NE were derived
from available MAIC-adjusted data on the share of patients with CRS with or without NE and the share of patients with
NE with or without CRS, assuming that the ratio of the share of patients with both CRS and NE to the smaller of the
former two shares equals that reported for tisa-cel in the JULIET trial [16]
cIn the ZUMA-1 and TRANSCEND trials, CRS was graded using the Lee scale [38]. To reduce potential bias introduced
by use of different grading scales across the ZUMA-1, TRANSCEND, and JULIET trials, incidence of CRS regraded using
the Lee scale as reported by Schuster et al. [17] was used in lieu of incidence of CRS graded using the Penn scale as reported
by Schuster, et al. [7]
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All costs were inflation-adjusted to 2020 USD
based on the medical care component of the
Consumer Price Index (CPI) [24].

Health utilities, a commonly used measure
of both life span and quality-of-life [25], were
sourced from the literature and based on both
time since CAR T cell infusion and progression
status [26]. A single utility value was applied to
surviving patients in the first 30 days following
CAR T cell infusion regardless of progression
status [27]. After that, health utility was
assumed to increase at day 30 and again at the
end of the fifth year following CAR T cell infu-
sion among progression-free patients [27]. The
lowest utility value was applied to all patients in
post progression irrespective of time since CAR
T cell infusion [26].

Results Presentation

Payer costs and health benefits (both dis-
counted at 3% annually) were used to estimate
NMB for each therapy, as well as incremental
net monetary benefit (INMB) and incremental
cost-effectiveness ratios (ICERs) for axi-cel ver-
sus tisa-cel and axi-cel versus liso-cel under the
assumption that a QALY gained is worth
$150,000 [28]. Also referred to as incremental
costs per QALY gained, ICERs are commonly
used to determine whether the added benefits
associated with use of one therapy versus
another justify a parallel increase in costs. In
other words, they speak to the relative value to a
payer or other stakeholder of one therapy
compared to another. To make this determina-
tion, ICERs are typically evaluated against con-
ventional thresholds ($150,000 per QALY in
this case) representing stakeholders’ maximum
willingness-to-pay per unit of added benefit. In
general, the lower the ICER, the greater the
value. ICERs and INMBs are calculated for axi-
cel through direct comparisons with liso-cel and
tisa-cel owing to the use of MAIC-matched
input values which are specific to pair-wise
comparisons [29]. Deterministic sensitivity
analyses (DSA) were conducted for uncertain
parameters and results are presented in tornado
diagrams for the 20 parameters with the greatest
impact on INMB. Probabilistic sensitivity

analyses (PSA) were performed to account for
uncertainty in model parameters simultane-
ously, using 5000 second-order Monte Carlo
simulations. PSA parameter values and distri-
butions appear in Tables S5 and S6 in the sup-
plementary material.

Scenario Analysis

In the base case, relevant axi-cel input values
were based on ZUMA-1 cohorts 1 and 2. To
examine the effect of alternative safety proto-
cols adopted for more recent ZUMA-1 cohorts,
scenario analyses were conducted using ZUMA-
1 cohort 4 [30] and ZUMA-1 cohort 6 [31] to
inform relevant axi-cel input values (Table S7 in
the supplementary material). ZUMA-1 cohort 4
patients received earlier corticosteroids and/or
tocilizumab in response to CRS and NE, while
cohort 6 patients received prophylactic and
earlier corticosteroids and/or tocilizumab for
prevention/treatment of CRS and NE. A sce-
nario analysis using unadjusted AE incidence
rates from ZUMA-1 cohorts 1 and 2 was also
conducted.

Two additional scenario analyses were con-
ducted to evaluate the effect of simultaneous
changes in the proportions of patients infused
in an inpatient site of care for all CAR T cell
therapies. In the first, all patients were assumed
to receive CAR T cell therapy in an inpatient site
of care. In the second, approximately 34% were
assumed to receive CAR T cell therapy in an
outpatient site of care.

Ethics Compliance

This study is based on published data and data
derived from retrospective analysis of an exist-
ing HIPAA-compliant database and does not
contain any individual patient data.

RESULTS

Tisa-cel had the lowest total healthcare cost
followed by liso-cel and axi-cel in the base case
(Table 3). CAR T cell acquisition costs con-
tributed the largest proportion of these costs
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Table 3 Cost-effectiveness base case results

Axi-cel versus liso-cel Axi-cel versus tisa-cel

Axi-cel matched to
liso-cel

Liso-cel D Axi-cel matched to
tisa-cel

Tisa-cel D

A B A2 B C D C2 D

Total direct medical costs $637,129 $620,962 $16,167 $631,331 $576,563 $54,769

Pre/day of infusion $402,280 $414,959 - $12,679 $402,280 $379,798 $22,481

CAR T cell acquisition $399,000 $410,300 - $11,300 $399,000 $373,000 $26,000

Apheresis $112 $112 $0 $112 $112 $0

Bridging therapy $0 $2025 - $2025 $0 $3,148 - $3148

Conditioning

chemotherapy

$3020 $2374 $646 $3020 $3391 - $371

CAR T cell administration $148 $148 $0 $148 $148 $0

Post infusion (excluding

end of life care)

$192,408 $159,583 $32,824 $229,052 $196,764 $32,287

Near term (t B 90 days) $58,837 $57,759 $1078 $58,843 $57,239 $1604

Inpatient ICU $12,988 $12,397 $590 $12,954 $12,416 $538

Inpatient non-ICU $44,947 $44,477 $470 $44,985 $43,970 $1015

ED $7 $5 $2 $7 $6 $1

Outpatient $896 $880 $16 $897 $847 $50

Long term (t[ 90 days) $94,698 $71,258 $23,440 $88,371 $65,924 $22,447

Pre progression $84,080 $65,025 $19,056 $75,971 $50,870 $25,101

Post progression $10,618 $6234 $4384 $12,400 $15,054 - $2654

Other $38,872 $30,566 $8307 $38,474 $25,689 $12,785

SCT $23,842 $21,683 $2159 $23,789 $14,696 $9093

IVIG $15,030 $8883 $6148 $14,685 $10,993 $3692

End of life care $42,442 $46,420 – $3978 $43,364 $47,913 - $4549

Total life years 9.787 7.460 2.326 9.251 6.568 2.683

Pre progression 9.294 7.148 2.145 8.671 5.834 2.837

Post progression 0.493 0.312 0.181 0.580 0.734 - 0.154

Total quality-adjusted life-

years

7.705 5.898 1.807 7.240 5.005 2.235

On CAR T cell therapy

(t B 30 days)

0.061 0.060 \ 0.001 0.061 0.060 \ 0.001

Off therapy, t[ 30 days 7.644 5.838 1.807 7.180 4.945 2.235
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and explained most of the total cost differences
between therapies. Post-infusion SCT costs were
also lower for tisa-cel than for liso-cel or axi-cel.
IVIG costs were lowest for liso-cel. Inpatient
costs, including ICU and non-ICU days, and
outpatient and ED costs were similar across CAR
T cell therapies. Long-term (more than 90 days
after CAR T cell administration) costs formed
the majority of total costs unrelated to CAR
T cell acquisition, and were lowest for tisa-cel
and highest for axi-cel.

Life years, including pre-progression and
post-progression life-years, were highest for axi-
cel. In turn, QALYs were also the highest for axi-
cel in both comparisons with the greatest dif-
ferences between therapies occurring in the pre-
progression period, which was longest for axi-
cel. Because only living patients receive routine
care, the additional life years associated with
axi-cel also explain why long-term costs of
routine care are highest for axi-cel.

When considering monetary benefit, axi-cel
had the highest NMB despite its higher total
direct costs: $518,624 versus liso-cel and
$454,719 versus tisa-cel, followed by liso-cel at
$263,711 and tisa-cel at $174,246. As a result,
INMB (95% CI) was $255 K ($181–326 K) for
axi-cel versus liso-cel and $280 K ($200–353 K)
for axi-cel versus tisa-cel. Differences in NMB
are attributable to axi-cel’s greater accumula-
tion of lifetime QALYs. Because the incremental
costs associated with axi-cel are relatively small

compared to the QALYs gained by its patients,
ICERs for axi-cel versus its comparators were
substantially lower than the $150 K per QALY
threshold used to evaluate axi-cel’s relative cost-
effectiveness ($8946 versus liso-cel and $24,506
versus tisa-cel).

In both comparisons, one-way sensitivity
analyses indicated that the health benefit dis-
count rate, CAR T cell acquisition costs, and
utility for the pre-progression period of the
partitioned survival curves have the greatest
leverage over INMB (Fig. 2a, b). However, in no
case does the change in one parameter cause the
results to decrease below $0; INMB indicated
that axi-cel is more cost-effective than the other
CAR T cell therapies in all one-way sensitivity
analyses. Notably, CAR T cell site of care appears
to have little impact on NMB of CAR T cell
therapy.

The PSA indicates that results are robust to
QALYs having a value substantially lower than
the $150,000 used in the base case (Fig. 3a, b).
Results would favor liso-cel if a QALY were val-
ued at $8750 or less; results would favor tisa-cel
if a QALY were valued at $24,500 or less. Results
would also favor tisa-cel but not liso-cel if the
time horizon were limited to 1 year.

Scenario analyses examining the effects of
using unadjusted CRS and NE rates and alter-
native ZUMA-1 cohort(s) to inform relevant
input values for axi-cel generated similar results
(Table S8a, b in the supplementary material).

Table 3 continued

Axi-cel versus liso-cel Axi-cel versus tisa-cel

Axi-cel matched to
liso-cel

Liso-cel D Axi-cel matched to
tisa-cel

Tisa-cel D

A B A2 B C D C2 D

Pre progression 7.452 5.717 1.736 6.954 4.661 2.293

Post progression 0.192 0.121 0.071 0.226 0.284 - 0.058

Net monetary benefit $518,624 $263,711 $254,913 $454,719 $174,246 $280,472

ICER (axi-cel versus

comparator)

– – $8946 – – $24,506

CAR chimeric antigen receptor, ED Emergency Department, ICER incremental cost-effectiveness ratio, ICU Intensive Care
Unit, IVIG intravenous immune globulin, SCT stem cell transplant
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Comparing to liso-cel, INMB was lowest when
relevant input values for axi-cel, including
(unadjusted) CRS and NE rates, were sourced
from ZUMA-1 cohort 4 ($252,505). While CRS
and NE rates were lower for cohort 4 relative to
cohorts 1 and 2 (both MAIC-adjusted and
unadjusted), more than two-thirds of patients
in cohort 4 received bridging therapy compared
to none in cohorts 1 and 2. As a result, lifetime
costs for axi-cel were slightly higher under this
scenario as compared to the base case. The lar-
gest change in INMB occurred when input

values for axi-cel were instead based on ZUMA-1
cohort 6 for which no grade 3 or higher CRS
events were observed and for which NE inci-
dence was less than half the MAIC-adjusted
base-case rate derived from cohorts 1 and 2.
Here, cost savings associated with the substan-
tial decreases in CRS and NE incidence and post-
infusion SCT rates more than offset the cost
increases arising from the use of bridging ther-
apy in more than half of patients, leading to an
INMB of $269,336. These trends persisted in the
comparison of axi-cel to tisa-cel, with INMB

Fig. 2 a Axi-cel matched to liso-cel deterministic sensitiv-
ity analysis results. Top 20 input parameters with greatest
impact on INMB for axi-cel versus liso-cel. b Axi-cel
matched to tisa-cel deterministic sensitivity analysis results.
Top 20 input parameters with greatest impact on INMB
for axi-cel versus tisa-cel. Black square, low parameter

value. Purple square, high parameter value. CAR chimeric
antigen receptor, CRS cytokine release syndrome, ICU
intensive care unit, inpt inpatient, IVIG intravenous
immune globulin, NE neurologic event, prog. progression,
pt patient, SCT stem cell transplant, t time since CAR
T cell infusion
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bottoming at $278,097 (cohort 4 scenario) and
peaking at $294,892 (cohort 6 scenario).

Two final scenario analyses showed that
results were similarly robust to simultaneous
changes across all CAR T cell therapies to the
proportions of patients infused in an inpatient
site of care. Both when assuming 100% of
patients are infused in an inpatient site of care
and when assuming 34% are infused in an
outpatient site of care, INMB for axi-cel versus
each comparator deviated from the corre-
sponding base-case INMB by less than 1%.

DISCUSSION

Our data suggest that axi-cel is a cost-effective
CAR T cell option for patients with R/R LBCL
compared to tisa-cel and liso-cel, regardless of
setting of infusion. Axi-cel’s value was largely
determined by the health benefits associated
with the increases in overall and pre-progres-
sion survival time relative to the other CAR
T cell therapies. Results were not sensitive to
changes in the ZUMA-1 cohort(s) used to
inform relevant inputs for axi-cel or to the
proportion of patients infused in an inpatient
site of care when applied to all CAR T cell
therapies simultaneously. Axi-cel input values
in the base case were based on the older ZUMA-

Fig. 2 continued
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1 cohorts 1 and 2, with ZUMA-1 cohort 4 and
cohort 6 being tested in scenario analyses to
assess the effects of updated safety protocols
reflecting earlier and prophylactic treatment
with corticosteroids and/or tocilizumab for CRS
and NE risk management.

Our model addresses a similar research
question as the one raised in Lyman et al. [32],
which sought to identify whether inpatient or
outpatient provision of CAR T cell therapy was
less costly over a 1-month window from treat-
ment initiation. In contrast to that earlier work,

our model is empirical and reduces the number
of assumptions for key model inputs, including
for the cost of CRS and NE management. Our
model estimates that long-term routine care
represents the costliest category of post-infusion
care, while short-term care in the 90 days
immediately following CAR T cell infusion is
second. The management of CRS and NE plays a
key role in shaping these short-term costs. The
short-term cost estimates used in our model,
obtained through an analysis of real-world data
from a large, nationally representative database

Fig. 3 a Axi-cel matched to liso-cel probabilistic sensitivity
analysis results. Cost-effectiveness acceptability curves, axi-
cel versus liso-cel. b Axi-cel matched to tisa-cel

probabilistic sensitivity analysis results. Cost-effectiveness
acceptability curves, axi-cel versus tisa-cel. QALY quality-
adjusted life-year, WTP willingness-to-pay
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covering the major public and commercial
payers, are likely substantially more reliable
than assumptions that are not tied to direct
experience as in that earlier analysis.

A key finding from Lyman et al. is that
administering CAR T cell therapy in non-aca-
demic or academic specialty oncology networks
saves approximately $33,000 per patient over
the 30-day period after receipt of CAR T cell
infusion [32]. This result may not be surprising
given that inpatient care is more expensive than
outpatient care over short periods of time, and
care at academic centers is more expensive than
care in community facilities [33]. Independent
of the limitation of using cost assumptions that
are unanchored to real-world data as noted
above, the short time window upon which this
conclusion is based also raises concern. In gen-
eral, a longer perspective, such as the lifetime
horizon used in our model, provides a more
realistic and complete picture of the true bene-
fits and cost-effectiveness of a therapy, espe-
cially in a disease where patients may live for a
substantial number of years after the therapy is
provided. Depending on the expected course of
the disease being evaluated, a 30-day follow-up
may be unlikely to reveal critical between-
therapy differences, including the impact of
differential efficacy, and this therapy differen-
tiation may only be apparent when a longer
time horizon is used. Our study, for example,
highlights the fact that estimated morbidity,
mortality, and costs incurred more than 30 days
post infusion differ substantially between
patients treated with axi-cel and those treated
with either tisa-cel or liso-cel, and these differ-
ences are important to patients, payers, physi-
cians, hospitals, and other stakeholders who are
interested in understanding treatment benefit
within a more relevant context.

To the best of our knowledge, this model
uses the largest real-world data set, supple-
mented by trial data, for CAR T cell patients
with R/R LBLC to address which CAR T cell
therapy is most cost-effective. Safety and effi-
cacy input values were derived from clinical
trial data, where they can be expected to have
been measured with low measurement error,
while most utilization input values came from
claims data, where resources were included

from all sites of care, at transaction prices, for a
large and likely more representative patient
population, with the expectation of greater
external validity. Nevertheless, certain limita-
tions need to be considered. First, claims data
may not be the ideal source for identifying
adverse events, because severity grade is not
directly specified on claims, and an algorithm
developed with expert clinical input was
applied to approximate grade in the AAPC
analysis. The fact that most claims did not
specify the CAR T cell therapy used precluded
stratifying by therapy. Data limitations meant
that the relationship between CRS and NE
incidence and site of care had to be derived
from the data rather than obtained directly.
Survival data for each CAR T cell therapy were
derived from different sources. While MAIC was
used to mitigate underlying differences in
patient samples across the source trial data,
meaningful differences in measured or unmea-
sured characteristics may remain. However, the
MAICs ensured that key prognostic factors were
balanced. In general, lack of real-world data
necessitated reliance on clinical trial data for
many model input values, including PFS, OS,
CRS and NE rates, and shares of patients
receiving bridging therapy following apheresis
but before CAR T cell administration. Trial data
may lack external validity in some contexts.
The actual experiences of patients when
receiving treatment outside the trial setting may
be different than the trial-based input values,
but real-world data are not yet available that
could explore such a difference. In addition, the
OS and PFS model inputs reflect expectations
for the average patient, using data from the
overall samples in the underlying studies. The
model is not a microsimulation, wherein indi-
vidual patient characteristics could affect
expected OS and PFS outcomes. Rather, the goal
of the project was to compare CAR T cell ther-
apies on average in the population for which
they are indicated, as in most cost-effectiveness
analyses. Finally, standard of care has evolved
since the trials were conducted, and ben-
damustine may now be less frequently given for
lymphodeletion.
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CONCLUSION

This model showed that axi-cel was more cost-
effective for patients with R/R LBCL compared
to liso-cel and tisa-cel. These results held
regardless of site of care for the initial CAR T cell
therapy. This model provides important new
evidence on the health benefits and costs of
approved CAR T cell therapies over expected
lifetimes of patients with LBCL.
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