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ABSTRACT

Introduction: Despite currently available treat-
ments for adults with relapsed/refractory acute
lymphoblastic leukemia (R/R ALL), survival
outcomes remain poor, highlighting the need
for new therapeutic strategies. This study esti-
mates the cost-effectiveness of KTE-X19 to treat
adults with R/R ALL from a US payer
perspective.
Methods: The model had two components: a
decision-tree, where pre-infusion costs for
patients who ultimately did not receive KTE-

X19 are accounted for, followed by a parti-
tioned survival analysis, where all KTE-X19
infused patients would enter the three-state
(pre-progression, progressed disease, death)
model. Comparators included current standard
of care treatments, i.e., blinatumomab (BLIN),
inotuzumab ozogamicin (INO), and salvage
chemotherapy (CHEMO). Both standard para-
metric and mixture cure models were used to
model survival. Efficacy, safety, healthcare
resource utilization, and health state utility
inputs were derived from the ZUMA-3 trial
(NCT02614066) and literature. Cost inputs were
derived from literature or publicly available
sources. Outcomes and costs were discounted
3% annually. Results of KTE-X19 versus com-
parators are reported as total and incremental
life-years (LYs), quality-adjusted life-years
(QALYs), costs, and resulting incremental cost-
effectiveness ratio (ICER). Deterministic and
probabilistic sensitivity analyses (PSA) and key
scenario analyses were also performed.
Results: In the base case, incremental QALYs
for KTE-X19 were 2.44, 3.26, and 4.61 versus
BLIN, INO, and CHEMO, respectively. Incre-
mental costs were $50,913, $251,532, and
$432,027, respectively, resulting in ICERs of
$20,843/QALY (versus BLIN), $77,271/QALY
(versus INO), and $93,768/QALY (versus
CHEMO). Deterministic sensitivity analysis
results were most sensitive to subsequent allo-
geneic stem cell transplant rates and post-pro-
gression utilities. PSA found that KTE-X19 is
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78.4%, 74.0%, and 75.4% likely to be cost-ef-
fective versus BLIN, INO, and CHEMO, respec-
tively. Across most scenarios, at a willingness-
to-pay (WTP) threshold of $150,000/QALY,
KTE-X19 was cost-effective versus all
treatments.
Conclusions: Compared to current options for
adults with R/R ALL, KTE-X19 is cost-effective,
driven primarily by improved survival.

PLAIN LANGUAGE SUMMARY

Several treatments for adults with relapsed/re-
fractory B-cell precursor acute lymphoblastic
leukemia (R/R B-ALL) have been approved in
the past decade in the US, including blinatu-
momab (BLIN) and inotuzumab ozogamicin
(INO). However, despite the high costs associ-
ated with these treatments, survival for patients
remains poor. KTE-X19, an autologous anti-
CD19 chimeric antigen receptor T-cell (CAR-T)
therapy, approved by the Food and Drug
Administration in October 2021, has potential
to improve survival, but its economic value has
not yet been determined. This model compre-
hensively evaluated the long-term clinical and
economic value of KTE-X19 versus current
treatments, including BLIN, INO, and salvage
chemotherapy (CHEMO). Inputs were derived
from key clinical trials, the literature, and other
publicly available sources. The model used the
perspective of a US third party payer over a
patient lifetime. Compared to BLIN, INO and
CHEMO, KTE-X19 resulted in improved quality
of life as measured with incremental quality-
adjusted life years (QALYs) of 2.44 (vs BLIN),
3.26 (vs INO), and 4.61 (vs CHEMO). Treatment
with KTE-X19 had incremental costs of $50,913
(vs BLIN), $251,532 (vs INO), and $432,027 (vs
CHEMO). KTE-X19 was found to provide good
value for money based on incremental cost-ef-
fectiveness ratios of $20,843/QALY (vs BLIN),
$77,271/QALY (vs INO), and $93,768/QALY (vs
CHEMO). These values are well below the
commonly accepted thresholds to determine
economic value. Results were also found to be
robust across sensitivity and scenario analyses.

Keywords: Relapsed or refractory acute
lymphoblastic leukemia; Chimeric antigen
receptor T-cell; Leukemia; B-Cell; CD-19
antigens; KTE-X19; Brexucabtagene autoleucel;
Cost-effectiveness analysis; Economic
evaluation

Key Summary Points

Why carry out this study?

Adult patients with relapsed/refractory
acute lymphoblastic leukemia (R/R ALL)
have poor outcomes despite the
availability of current treatments

This study evaluated the cost-effectiveness
of KTE-X19, a newly approved autologous
anti-CD19 chimeric antigen T-cell
therapy, versus currently recommended
treatments of blinatumomab, inotuzumab
ozogamicin and salvage chemotherapy in
the US

What was learned from the study?

Treatment with KTE-X19 resulted in
incremental cost-effectiveness ratios of
$20,843 per quality-adjusted life year
(QALY) versus blinatumomab, $77,271
per QALY versus inotuzumab ozogamicin
and $93,768 per QALY versus salvage
chemotherapy

Driven by improved survival outcomes,
KTE-X19 is a cost-effective treatment
option compared to currently available
therapies for adult patients with R/R ALL

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is a
heterogeneous group of lymphoid disorders
from the clonal proliferation of immature B- or
T-cell lymphocytes in the blood, bone marrow,
and other organs. In the US, ALL accounts for
approximately 10% of all leukemias [1], and
relapsed/refractory (R/R) ALL has an estimated
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incidence of\ 1 in 100,000 individuals, with a
prevalence of * 6 cases per 100,000 individuals
[2]. Adult patients account for 47% of all ALL
cases [3], and of them 75% were B-cell ALL [1].

Improvements in the risk-directed therapy of
ALL consider factors such as age and minimal
residual disease, among others. Adult R/R ALL
carries a particularly poor prognosis, with
median overall survival after relapse of approx-
imately 7–8 months [4, 5]. Even with intensive
salvage chemotherapy (CHEMO) followed by
allogeneic stem cell transplantation (allo-SCT),
cure rates among adults with R/R ALL are\10%
[6]. This may be due to advanced age, multiple
comorbidities, higher-risk disease features, and
heavy pre-treatment [7, 8]. In addition to poor
clinical outcomes, R/R ALL is also associated
with a substantial economic burden [9–11],
attributed to disease progression and manage-
ment of adverse events from available treat-
ments [10, 12]. Multiple treatment options are
currently available for adults with R/R-ALL in
the US including those used as a bridge to allo-
SCT (blinatumomab [BLIN], inotuzumab
ozogamicin [INO]), other CAR-Ts (tisagenle-
cleucel for patients\ 26 years of age and with
R/R B-cell ALL disease in second or later
relapse), and CHEMO. However, despite the
availability of these treatments, survival out-
comes among R/R ALL patients remain poor
[4, 5].

KTE-X19 (brexucabtagene autoleucel) is an
autologous anti-CD19 chimeric antigen recep-
tor T-cell (CAR-T) therapy for the treatment of
adult patients with R/R B-precursor ALL (B-ALL)
and was approved by the Food and Drug
Administration in 2021 [13]. KTE-X19 has
shown promising efficacy in the phase 2 ZUMA-
3 trial with 71% (95% CI 57–82; P\0.0001) of
treated patients in complete remission (CR) or
complete remission with incomplete hemato-
logic recovery (CRi), at a median follow-up of
16.4 months [14]. Median (95% confidence
interval [CI]) duration of remission, relapse-free
survival, and overall survival (OS) were
12.8 months (8.7–not estimable [NE]),
11.6 months (2.7–15.5), and 18.2 months
(15.9–NE), respectively [13, 14]. To date, there
have been no cost-effectiveness analyses of KTE-
X19 in this setting. Given the high unmet need

and significant economic burden of disease in
patients with R/R B-ALL, a cost-effectiveness
analysis of KTE-X19 versus currently available
treatment options was undertaken to inform
the allocation of limited healthcare resources.

METHODS

Model Overview

An economic model was developed in Microsoft
Excel� to evaluate the cost-effectiveness of KTE-
X19 versus current treatment options for adult
patients (C 18 years) with R/R B-ALL. The model
structure included a decision tree prior to entry
into a partitioned survival analysis. Treatment
options were informed by current National
Comprehensive Cancer Network (NCCN)
guidelines for adult R/R ALL and include BLIN,
INO, and CHEMO [15]. The analysis is from the
perspective of a third-party US payer. Patients
enter the model at a median age of 40 years
(corresponding to the ZUMA-3 trial) and are
followed for a lifetime time horizon of 59 years
(until patients are 99 years of age). A cycle
length of 1 week was used; costs and effects
were discounted at 3% annually [16]. The model
was developed in accordance with International
Society for Pharmacoeconomics and Outcomes
Research (ISPOR) guidelines [17]. This article is
based in part on a previously conducted study
and does not contain any new studies with
human participation performed by any of the
authors.

Model Structure

The model has two components: a decision tree
component followed by a partitioned survival
component (Fig. 1). The decision tree is inclu-
ded only for the KTE-X19 arm in order to
account for the costs of pre-treatment for
patients who may be assigned for treatment
with KTE-X19 but ultimately did not receive the
infusion because of adverse events, death, or
other reasons (e.g., manufacturing issues, dis-
ease progression); this approach is consistent
with other CAR T models [18]. Patients who did
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not receive KTE-X19 but survived the pre-infu-
sion period were assumed to incur costs and
experience survival of comparator therapies.
Patients who did not receive KTE-X19 because
of adverse events (AEs) are assumed to receive
chemotherapy; the remaining non-infused
patients are equally distributed across the
comparator therapies in the model. All patients
then enter the three-state partitioned survival
in the pre-progression survival (PPS) state.
Those who experience an event move to the
progressed disease (PD) state, where the deteri-
orating quality of life of patients following dis-
ease progression prior to death is captured;
patients may also receive subsequent treatment
in this state. Death is an absorbing state, and
patients can transition to it from any health
state.

Inputs

Patient Population
Baseline patient characteristics used in the eco-
nomic model align with the modified intent-to-
treat (mITT) population of the ZUMA-3 trial
with a mean age of 42.1 years (n = 55), a mean
body surface area of 1.95 m2, and 60.0% male
patients.

Survival
Given the need to extrapolate beyond the fol-
low-up period in both KTE-X19 and comparator
arms, models were fit to estimate long-term
survival for KTE-X19 and the comparator arms.

Pseudo-individual patient data (IPD) based on
available Kaplan-Meier (KM) plots and event
information were generated using the algo-
rithm described by Guyot et al. [19]. While
standard parametric fitted curves (exponential,
Weibull, log-logistic, lognormal, Gompertz,
generalized gamma) were considered for model
fit, to accurately reflect the clinical mechanisms
of long-term remission, mixture cure models
(MCMs) were also considered, using the flex-
survcure package in R [20]. MCMs assume that
the observed survival in the trial population
represents a blend of patients who are ‘‘cured’’
and ‘‘not cured,’’ perceived as a plateau in a KM
curve, and allow for a change in the hazards of
death over time [21]. Survival models were
compared and assessed based on the following
goodness-of-fit criteria: lowest Akaike informa-
tion criteria (AIC) and Bayesian information
criteria (BIC), where models with a difference in
AIC and BIC of\ 5 units are assumed to be of
equal statistical fit; visual inspection of the fit-
ted models overlaid on the KM curves; and
clinical plausibility of long-term extrapolations
beyond the trial period. Due to a lack of pub-
lished long-term R/R ALL survival data in the
US, in the base case, patients who were pro-
gression-free at 2 years were assumed to have
achieved long-term remission and followed
general US background mortality [22] with
quality of life similar to the US general popu-
lation. Additional scenario analyses on different
excess mortality ratios were also examined.

Fig. 1 Model structure
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KTE-X19 IPDs from the phase 2 ZUMA-3 trial
were used to extrapolate survival for KTE-X19
[14]. The mITT population of the ZUMA-3 trial
was used to determine survival of those who
received a KTE-X19 infusion; for patients who
were assigned to receive KTE-X19 in the deci-
sion tree but did not, survival was based on the
assigned comparator arm. The ZUMA-3 trial
measured relapse-free survival (RFS), defined as
the time from KTE-X19 infusion to the date of
disease relapse or death from any cause; patients
who did not reach CR or CRi as of the data
cutoff date were evaluated as having an RFS
event at day 0. For the purpose of this analysis,
RFS was used to inform survival in the PPS state.
For RFS, MCM curves failed to capture the cure
fraction for patients with long-term remission
as observed in the KM curve (due to the low
number of patients in the mITT population);
therefore, a parametric model with a 2-year cure
assumption was used, where patients without
progression at 2 years are assumed to achieve
long-term remission and subsequently follow
the US general population mortality rate, in line
with the cost-effectiveness analysis of BLIN vs
INO [23]. Based on the AIC/BIC fit, the gener-
alized gamma model was considered in the base
case with a cure assumed at 2 years. For OS,
however, standard parametric survival curves
failed to capture the change in the hazard of
death associated with the observed plateau for
OS; therefore, an exponential MCM was used to
adequately capture the cure fraction (estimated
at 29.6%) (Supplementary Material Fig. S1 and
Table S1).

Blinatumomab To inform survival in patients
receiving BLIN, the TOWER trial in Philadel-
phia-negative (Ph-) B-ALL patients was used [5].
While the TOWER population does not include
Philadelphia-positive (Ph ?) B-ALL patients,
results were similar to the ALCANTARA trail in
Ph ? B-ALL patients [24]. For EFS, the AIC/BIC
values were similar for both standard parametric
curves and MCMs. However, based on the visual
fit, the Weibull MCM was chosen for the EFS
base case analysis, resulting in a 7.67% cure
fraction; this is consistent with the plateau
observed in the TOWER trial [5]. The OS base
case analysis curve was selected based on the

visual fit, with the Weibull MCM resulting in a
19.8% cure fraction; this cure fraction is con-
sistent with the plateau observed in both the
TOWER trial and clinical practice [25] (Supple-
mentary Material Fig. S2, Table S1).

Inotuzumab Ozogamicin Data to inform INO
were taken from the long-term survival follow-
up INO-VATE trial of patients with R/R B-ALL
[4]. For EFS, based on the lowest AIC/BIC, the
lognormal MCM, with a 13.74% cure fraction,
was chosen for the base case analysis; this is
consistent with the plateau observed in INO-
VATE [4]. For the OS extrapolation, the loglo-
gistic MCM was chosen for the base case anal-
ysis, based on the lowest AIC/BIC and visual fit
to the KM data, resulting in a 13.1% cure frac-
tion. The selected base case curves and good-
ness-of-fit are presented in Figure S3 and
Table S1 (Supplementary Material), respectively.

Chemotherapy Survival data to inform the
CHEMO comparator arm were also taken from
the INO-VATE trial [4] given its longer duration
of study follow-up in the trial. Based on the
lowest AIC/BIC, the lognormal MCM was cho-
sen for the base case EFS analysis, resulting in a
3.89% cure fraction. For the OS base case anal-
ysis, based on the lowest AIC/BIC, the expo-
nential MCM was chosen, resulting in a 7.0%
cure fraction. For both EFS and OS, the models
are consistent with both the trends observed in
the INO-VATE trial [4] as well as with real-world
evidence for R/R ALL chemo-treated patient
survival [26]. Base case survival curves and
goodness-of-fit for CHEMO are presented in
Fig. S4 and Table S1, respectively (Supplemen-
tary Material).

Scenario Analysis with Synthetic Control
Arm A scenario analysis was performed to
compare outcomes of patients treated with KTE-
X19 to IPD sampled from historical clinical tri-
als of patients who had not previously failed
blinatumomab. A post hoc analysis of the
SCHOLAR-3 study was done using a synthetic
control matching patients from ZUMA-3 (irre-
spective of pre-treatment with BLIN or INO) to
BLIN- or INO-naı̈ve patients from historical
clinical trials (synthetic control arm 3 [SCA-3])
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[27]. As patients in SCA-3 could have received
either BLIN (92.5%) or standard of care
chemotherapy (7.5%), the study population was
further restricted to only reflect patients who
received BLIN in the SCA-3 arm. Cohorts were
well balanced, with the standardized mean dif-
ference across all characteristics below the 0.25
threshold (Table S2). For the KTE-X19 arm,
parametric survival models were applied for a
period of 2 years followed by the US general
population mortality rate. A parametric log-
normal model was used for both EFS and OS
because of superior visual fit of the KM data. For
the SCA-3 cohort analysis, for EFS, a loglogistic
parametric survival model was applied for a
period of 2 years, followed by the US general
population mortality rate. For the extrapolation
of OS, a parametric lognormal function was
chosen; the selected EFS and OS curves from the
SCA-3 scenario analyses and the selected EFS
and OS curves for KTE-X19 and BLIN are shown
in the Supplementary Material (Figures S6 and
S7 with goodness-of-fit presented in Table S3).

Safety Inputs

Incidence of AEs were included based on the
respective clinical trials (Table S4, Supplemen-
tary Material). Post-infusion grade 3 or 4 AEs
occurring in C 5% of the ZUMA-3 population
were included for KTE-X19 [14]. For BLIN,
grade C 3 AEs occurring in C 5% of the TOWER
study population in the first cycle of therapy
were included [28]. Serious AEs reported in
C 2% of the INO-VATE safety population were
used for INO [4]. AE rates for CHEMO were
pooled from the CHEMO arms of the INO-VATE
[4] and TOWER trials [28]. These rates were
varied in the sensitivity analyses.

Cost and Resource Use

Costs considered in the model included all drug
acquisition and administration costs (including
allo-SCT costs); subsequent treatment costs;
monitoring costs for both the PPS and PD
health states; terminal care costs; and costs
associated with managing adverse events (sum-
marized in Table 1 with additional detail in the

Supplementary Material). Vial sharing was not
considered in the calculation of drug acquisi-
tion costs in the base case; the number of vials
per dose was rounded up to the nearest vial. All
costs were sourced in 2021 are reported in 2021
US dollars and were inflated using the US
Bureau of Labor Statistics Consumer Price Index
for medical care services [29].

KTE-X19 Costs
KTE-X19 is associated with costs prior to
receiving an infusion. Given that all patients
scheduled to receive KTE-X19 incur pre-treat-
ment costs, but not all patients go on to receive
the infusion, a correcting factor was applied to
the mITT population to account for all pre-
treatment costs in the population who received
the infusion. Pre-treatment costs were applied
in the first cycle of the model for KTE-X19
patients. It was assumed all KTE-X19 patients
would receive leukapheresis. Based on the
ZUMA-3 trial, all patients received a single,
3-day round of conditioning chemotherapy: it
was assumed that 65% of patients would receive
this in the inpatient setting and 35% would
receive it in the outpatient setting [25]. Condi-
tioning therapy prior to infusion was given as
cyclophosphamide (900 mg/m2/day) for 1 day
and fludarabine (25 mg/m2/day) for 3 days.
Bridging therapy was included for all patients as
a weighted average of the regimens observed in
the ZUMA-3 trial; bridging therapy was assumed
to be administered in the inpatient setting. It
was assumed that KTE-X19 patients were hos-
pitalized for an average of 23.67 days for the
infusion, with an average of 4 days spent in the
intensive care unit; this is in addition to pre-
treatment costs [30]. The cost of a single, one-
time infusion of KTE-X19 was based on the list
price of $399,000 [31]. Costs for patients who
were scheduled to receive KTE-X19 but did not
were accounted for as a weighted average of the
comparator regimens described below.

Comparator Costs
BLIN was administered on inpatient basis for
the first 9 days of cycle 1 and first 2 days of cycle
2 and via a pump for the remainder of cycle 1
and for cycles 2 ?; the required bag change in
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Table 1 Model inputs

Model parameter Value Source

KTE-X19 treatment costs

Leukapheresis (once) $1689 American Red Cross [43]

Conditioning therapy (once) $32,191 REDBOOK [31] CMS [33]

Bridging therapy (once) $82,518 Weighted average ZUMA-3

Administration costs (once) $101,371 Supplementary Table S5

Infusion cost (once) $399,000 REDBOOK [31]

BLIN

Cycle 1, drug cost $76,356

Cycle 2 ?, drug cost $89,082 See Supplementary Material Table S5

Administration cost Cycle 1 $59,051

Administration cost Cycle 2 $16,498

Administration cost Cycle 3 ? $4363

INO

Cycle 1, drug cost $80,544 See Supplementary Material Table S5

Cycle 2 ? , drug cost $65,688

Administration costs (per cycle) $445

CHEMO

Acquisition costs per cycle $67,210 See Supplementary Material Table S5

Administration costs per cycle $7342

Allo-SCT cost by initial regimen

(proportion receiving allo-SCT)

KTE-X19 (18.2%) $75,724 ZUMA-3 [30]

BLIN (24.35%) $101,414 TOWER [5]

INO (48.2%) $200,745 INO-VATE [4]

CHEMO (22.9%) $95,483 Pooleda

Subsequent treatment cost (re-weighted

by initial treatment regimen)b

KTE-X19 $68,628 See Supplementary Material Table S6

BLIN $66,653

INO $34,669

CHEMO $68,628

PPS KTE-X19 monitoring costs

(weekly)

3684 Adv Ther (2022) 39:3678–3695



Table 1 continued

Model parameter Value Source

Year 1 $81.51 See Supplementary Material Table S7

Year 2 $14.50

Year 3–5 $8.70

Year 5 ? $2.51

PPS comparator monitoring costs

(weekly)

Year 1 $29.50 See Supplementary Material Table 8

Year 2 $10.55

Year 3 ? $5.28

PD all arms monitoring costs (weekly) $29.22 See Supplementary Material Table 8

Terminal care $28,527 Chastek [35], Delea [23]

Adverse event costs (one-off)

KTE-X19 $49,172 See Supplementary Material Table 9

BLIN $23,900

INO $9,909

CHEMO $20,009

PPS utility, mean

KTE-X19 0.846 Shah 2021 [14]

BLIN 0.814 Delea 2019 [23]

INO 0.814 Assumed same as BLIN

CHEMO 0.747 Delea 2019 [23]

PD utility, mean

KTE-X19 0.780 Shah 2021 [14]

BLIN 0.742 Delea 2019 [23]

INO 0.742 Assumed same as BLIN

CHEMO 0.673 Delea 2019 [23]

Utility decrement by regimen (one-off)

KTE-X19 – 0.11 Calculated based on incidence of adverse events and inclusive of

treatment-related utility decrements (pre-treatment/

hospitalization and allo-SCT)

BLIN – 0.15

INO – 0.28
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the outpatient setting (every 2 days [23]) was
included in the administration cost. INO dosing
was based on the INO-VATE trial, with four vials
administered per cycle, and three intravenous
(IV) administrations per cycle to a maximum of
six total cycles. CHEMO was costed as FLAG-
IDA based on both the NCCN guidelines and its
similar cost and efficacy to other regimens as
fludarabine (30 mg/m2 for 5 consecutive days
per 28-day cycle for up to four cycles); cytara-
bine (2 gm/m2 for 6 consecutive days per 28-day
cycle for up to four cycles); filgrastim
(0.005 mg/kg for 9 total days); and idarubicin
(8 mg/m2 for 3 days per 28-day cycle). Maxi-
mum treatment duration for CHEMO was esti-
mated to be 4 cycles, with a total of 11 inpatient
days of administration per cycle. All patients
who start each cycle of treatment are assumed
to complete the cycle; total cycle costs were
applied at entry to the PPS health state.

Subsequent Allo-SCT
The model assumed that in lieu of subsequent
treatments, some patients may receive an allo-
SCT. Allo-SCT costs were determined by multi-
plying the cost of an allo-SCT including
24 months of follow-up ($416,823[10, 23]) by
the proportion of patients receiving an allo-SCT
by treatment arm (Table 1).

Subsequent Treatment Costs
Following progression on treatment, patients
could receive a subsequent treatment. Distri-
bution of subsequent treatments was based on
the ZUMA-3 trial. As patients were assumed not
to be re-treated with their initial therapy, the

distribution of subsequent treatments was re-
weighted to remove re-treatment of their prior
therapy. Patients who initially received CHEMO
were assumed to receive the same composition
of subsequent treatment as those who had
received KTE-X19. Subsequent treatment costs
were applied as a one-time weighted cost upon
progression and include both drug acquisition
and drug administration costs (Table 1).

Monitoring Costs
Monitoring and follow-up resource use for the
PPS and PD state were applied at the same fre-
quency across all comparators. These consisted
of outpatient visits; relevant clinical tests and
procedures were based on the submission of
tisagenleclecel to the National Institute for
Health and Care Excellence [25]. The frequency
of resource use was validated by US clinical
experts [32] (Table S7, Supplementary Material).
No further monitoring and follow-up costs were
included for patients who received an allo-SCT,
as these were included in the cost of the allo-
SCT. All unit costs were derived from the Cen-
ters for Medicare & Medicaid Services (CMS)
Physician and Laboratory Fee Schedules
[33, 34].

Terminal care
All patients transitioning to death incurred a
one-time terminal care cost of $28,527 [23, 35].

Management of Adverse Events

Costs to manage treatment-related AEs were
applied as a one-time cost in the first cycle of

Table 1 continued

Model parameter Value Source

CHEMO – 0.16

AE adverse event, allo-SCT allogeneic stem-cell transplant, BLIN blinatumomab, CHEMO salvage chemotherapy, EFS
event-free survival, INO inotuzumab ozogamicin, PD progressed disease, PPS pre-progression survival, US United States
aPooled from INO-VATE [4] and TOWER [5]; a pooled allo-SCT distribution was used as it was the most conservative
estimate of allo-SCT rates for CHEMO
bPatients were assumed to not be re-treated with their initial therapy; thus, the distribution of subsequent treatments from
ZUMA-3 was re-weighted to remove re-treatment of their initial therapy
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the model. AEs occurring during the infusion
period for KTE-X19, including neurologic toxi-
city, were assumed to be managed during the
inpatient admission. Cytokine release syn-
drome (CRS) is specific to treatment with both
KTE-X19 and BLIN and was assumed to be
managed with tocilizumab (8 mg/kg daily) [14],
a conservative cost assumption compared to
treatment with steroids. The total one-off AE
costs applied per treatment regimen are sum-
marized in Table 1; detailed unit costs for all AEs
are provided in Table S8 (Supplementary
Material).

Health State Utilities

Published utility values were available for KTE-
X19 [14], BLIN [23], and CHEMO [23] (Table 1).
In the absence of utility data to align with the
modeled states for INO, values were assumed to
be the same as BLIN[23]. For all treatment arms,
patients who achieved long-term remission
were assumed to have the same health utility
value as the US general population [36]. Age-
adjusted utility decrements related to the
occurrence of AEs were applied using a one-time
value in the first cycle of the model and were
derived by multiplying the utility decrement by
the duration of the AE (Table S9, Supplementary
Material). In addition to AE utility decrements,
treatment-related utility decrements were
applied. For the pre-treatment/hospitalization
period, a utility decrement of – 0.42 [37] was
applied for patients receiving BLIN or CHEMO
for durations of 21.0 and 9.2 days, respectively
[25, 37]. For patients receiving an allo-SCT, an
additional utility decrement of – 0.57 [37] for 1
year was applied to capture the impact of
potential complications or AEs associated with
allo-SCT.

Outcomes

Outcomes reported include life-years (LYs),
quality-adjusted life-years (QALYs), and total
costs. The incremental cost-effectiveness ratio
(ICER) was calculated as the incremental cost
divided by the incremental QALYs. All results

are presented as discounted over a lifetime time
horizon (59 years).

Sensitivity Analyses

Both univariate and probabilistic sensitivity
analyses were conducted. Inputs were varied
using the reported standard error (SE); in cases
where the SE was not reported, it was assumed
to be 20%. Results from univariate sensitivity
analyses are presented in tornado diagrams
where the ten most influential model parame-
ters are outlined. The results of the probabilistic
sensitivity analysis are plotted on a cost-effec-
tiveness plane, where the incremental results
versus a given comparator is plotted. Cost-ef-
fectiveness acceptability curves present the
probability that each treatment is cost-effective
at willingness to pay thresholds from $0 to
$200,000/QALY.

Scenario Analyses

Scenario analyses examined the impact of
model time horizon, discount rate, AE costs,
excess mortality for patients with long-term
remission via standardized mortality ratios
(SMRs), and alternate utility / disutility values.

RESULTS

Overall Population

Model estimated survival for PPS and OS for
KTE-X19 and all comparators are presented in
Table 2. Model estimated PPS at 5, 10, and 15
years was highest for treatment with KTE-X19;
median PPS for treatment with KTE-X19 was
5.5 months. OS rates were also highest for
treatment with KTE-X19; median OS for KTE-
X19 as estimated by the model was
23.7 months.

Treatment costs (drug acquisition and
administration), subsequent treatment costs,
and allo-SCT costs are presented in Table 3.
Drug acquisition and administration costs in
the PPS state represented the largest proportion
of costs.
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Total LYs and QALYs were highest for KTE-
X19; incremental gains were 2.83 LYs and 2.44
QALYs versus BLIN, 3.96 LYs, and 3.26 QALYs
versus INO; and 5.58 LYs and 4.61 QALYs versus
CHEMO (Table 4). Assuming a list price for KTE-
X19 of $399,000, the discounted incremental
costs of KTE-X19 versus BLIN, INO, and
CHEMO were $50,913, $251,532, and $432,027,
respectively. The ICERs for KTE-X19 versus
BLIN, INO, and CHEMO were $20,843/QALY,
$77,271/QALY, and $93,768/QALY,
respectively.

Synthetic Control Arm Scenario Analysis

When comparing KTE-X19 to BLIN-naı̈ve
patients using the SCA-3 historical control
dataset, OS outputs estimated by the model
were 36.73%, 33.43%, and 30.94% at 5, 10, and
15 years for KTE-X19, respectively, and 18.52%,
18.17%, and 17.63% at 5, 10, and 15 years for
BLIN, respectively. The main contributor to the
total costs were drug acquisition costs
(Table S10). Median OS was estimated to be
15.64 months for KTE-X19 and 7.82 months for

Table 2 Overall population survival outputs

Treatment PPS OS

5 year (%) 10 year (%) 15 year (%) 5 year (%) 10 year (%) 15 year (%) Median (months)

KTE-X19 18.96 17.03 15.75 32.50 28.79 27.80 23.7

BLIN 7.57 7.43 7.21 19.57 19.18 18.61 6.9

INO 13.56 13.30 12.65 14.96 13.33 12.65 7.8

CHEMO 3.84 3.76 3.65 6.97 6.81 6.60 5.8

PPS pre-progression survival, OS overall survival

Table 3 Overall population cost outputs

Cost Component KTE-X19 BLIN INO CHEMO

Drug acquisition costs $357,919 $425,188 $252,146 $11,571

Administration costs $202,249 $80,811 $1607 $120,725

Monitoring costs—PPS $3039 $1621 $2507 $849

Monitoring costs—PD $5262 $4515 $623 $1777

Subsequent Tx acquisition costs $55,182 $62,907 $20,457 $60,890

Subsequent Tx administration costs $5406 $353 $11,100 $5965

Allo-SCT cost—one-off $75,724 $101,414 $200,745 $95,483

AE costs $49,172 $23,900 $9909 $20,009

End of life costs $22,368 $24,699 $25,696 $27,023

Total costs $776,320 $725,407 $524,789 $344,293

AE adverse event, allo-SCT allogenic stem-cell transplant, BLIN blinatumomab, CHEMO salvage chemotherapy, INO
inotuzumab ozogamicin, PD progressive disease, PPS pre-progression survival, Tx treatment
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BLIN. The ICER for KTE-X19 versus BLIN was
$25,274/QALY (Table S11).

Sensitivity Analyses

Deterministic one-way sensitivity analysis
results for KTE-X19 versus each of the base case
analysis comparators are provided in Fig. 2,
panels i, ii and iii. Overall, the key drivers of
cost-effectiveness outcomes for KTE-X19 across
comparators were related to the proportions of
patients receiving allo-SCT and utility values.
Other factors included the duration of bridging
therapy (versus BLIN) and the number of inpa-
tient days for treatment (CHEMO) (see Table 5).

The cost-effectiveness acceptability curve for
KTE-X19 shows that at a WTP threshold of
$150,000/QALY, KTE-X19 would be considered
cost-effective in approximately 78.4%, 74.0%,
and 75.4% of scenarios compared to BLIN, INO,
and CHEMO.

Additional Scenario Analyses

KTE-X19 was cost-effective in nearly all scenar-
ios versus BLIN, INO and CHEMO at a WTP of
$150,000/QALY.

DISCUSSION

Treatment of patients with R/R adult ALL
remains a challenge; current treatments do not
offer meaningful survival benefits. This study
evaluated the cost-effectiveness of KTE-X19

using recent results from the ZUMA-3 clinical
trial versus BLIN, INO, and salvage therapy in
adults with R/R B-ALL. Overall, based on the
observed survival benefit in the ZUMA-3 trial,
the model estimated incremental gains of 2.44
QALYs, 3.26 QALYs, and 4.61 QALYs versus
BLIN, INO, and CHEMO, respectively. Over a
lifetime time horizon, KTE-X19 was cost-effec-
tive versus all comparators at a WTP threshold
of $150,000/QALY. Furthermore, sensitivity
analyses found that the model outcomes, across
all comparators, were robust to changes in
inputs and assumptions through the OWSA and
the scenario analyses. These results suggest that,
in addition to the estimated longer survival of
patients with R/R adult ALL, treating patients
with KTE-X19 in the R/R setting is cost-effec-
tive, representing an efficient use of healthcare
resources.

Treatment with KTE-X19 offers a new
promising option for patients with R/R adult
B-ALL. While the upfront cost of CAR T-cell
therapy is higher than that of current cancer
drugs, this novel form of cancer immunother-
apy provides increased efficacy driven by their
survival advantages. Based on data from the
Cost-Effectiveness Analysis Registry of the Tufts
Medical Center and the Institute for Clinical
and Economic Review’s analysis of CAR-T ther-
apies, CAR-Ts provide significantly greater
effectiveness than prior pharmaceutical inno-
vations [38], providing incremental gains of
5.03 QALYs above the average pharmaceutical
intervention, addressing a large unmet in
patients. Despite their high up-front costs, the
cost-effectiveness of CAR-T therapies has

Table 4 Incremental cost-effectiveness of KTE-X19 versus comparators: overall population

Treatment Total estimates Incremental estimates, KTE-X19 vs. comparators

Costs LYs QALYs Costs LYs QALYs ICER

KTE-X19 $776,320 7.75 5.95 – – – –

BLIN $725,407 4.92 3.50 $50,913 2.83 2.44 $20,843

INO $524,789 3.79 2.69 $251,532 3.96 3.26 $77,271

CHEMO $344,293 2.17 1.34 $432,027 5.58 4.61 $93,768

BLIN blinatumomab, CHEMO salvage chemotherapy, INO inotuzumab ozogamicin, LY life-years, QALY quality-adjusted
life-year
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Fig. 2 One-way sensitivity analysis results: KTE-X19 versus comparators
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Table 5 Scenario analyses results: overall population

No. Scenario ICER KTE-X19 VERSUS

BLIN INO CHEMO

0 Base case scenario $20,843 $77,271 $93,768

1 Time horizon 10 Years $34,594 $151,843 $191,754

2 Time horizon 20 Years $25,620 $103,612 $127,797

3 Discount rate 5% $17,330 $51,250 $60,735

4 Discount rate 0% $22,492 $95,607 $117,355

5 Long-term remission patients, excess mortality SMR = 4.00 $26,664 $96,830 $118,227

6 Long-term remission patients, excess mortality SMR = 9.05 $34,061 $118,934 $145,985

7 Long-term remission patients, excess mortality SMR = 1.09 $21,070 $78,075 $94,759

8 CRS utility decrement, alternative literature-based source $21,430 $78,892 $95,149

9 Long-term remission patients’ utility, alternative source $22,952 $82,396 $98,935

10 KTE-X19 AEs disutility from ZUMA-3, not literature-based $20,586 $76,553 $93,150

Bold values represent the base case scenario vs the other scenaro analyses
AE adverse event, CRS cytokine release syndrome, SMR standardized mortality ratio

Fig. 2 continued
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previously been evaluated in other indications
and therapy areas. In pediatric R/R B-cell ALL,
CAR-T therapy, compared to standard of care,
was found to result in an ICER of $64,600/QALY
and was cost-effective in 94.8% of iterations at a
WTP of $100,000/QALY[39]. Simons et al.
found that KTE-X19 was cost-effective for adult
patients with R/R mantle cell lymphoma in the
US, with an ICER of $31,985/QALY versus
standard of care [40].

The findings in this analysis should be
interpreted in the context of some key limita-
tions. Data informing the effectiveness across
the recommended treatments for R/R B-ALL in
the base case were based on a systematic litera-
ture review of R/R ALL publication as of
November 2020; thus, longer term follow-up for
comparators was not incorporated in the
extrapolation. Furthermore, the indirect com-
parisons with the TOWER and INO-VATE trial
were based on naı̈ve comparisons without fur-
ther risk profile adjustment. However, when
considering the SCHOLAR-3 analysis of mat-
ched patients versus BLIN, similar results were
observed. Of note, CHEMO regimens across
clinical practices may vary; thus, the cost and
survival associated with CHEMO treatment
were varied to reflect alternate regimens; results
were similar to the base case analysis. It should
also be noted that monitoring and follow-up
resource use along with adverse event manage-
ment may differ between real-world clinical
practices. While not all possible differences may
have been captured in the scenario analyses,
these were not key drivers in costs. While it is a
reasonable assumption that no patients achieve
remission following relapse, it is clinically
plausible that a small proportion of patients in
the PD state may do so with subsequent line of
treatments for up to 5 years after relapse. This
assumption, however, was not considered as
previous modeling studies found no significant
impact on model results when including this
scenario [25]. Survival in the PPS state was
informed by the respective clinical trials. While
the ZUMA-3 trial reported RFS, and not EFS, this
was considered conservative as RFS measures

disease progression (i.e., those not achieving CR
or CRi) or death from any cause from the date of
infusion versus EFS, which includes CR with
partial recovery in addition to CR/CRi and is
measured from randomization. Given the lim-
ited clinical experience with CAR-T therapies
for the treatment of adults with R/R-ALL, there
is no clear consensus as to how allo-SCT should
be used following CAR-T therapy in clinical
practice. As such, with the limited data available
and the small number of patients receiving an
allo-SCT after KTE-X19 in the ZUMA-3 trial, it
was not possible to stratify survival by receipt of
allo-SCT. However, while the survival impact of
allo-SCT is not considered, the impact of allo-
SCT in terms of quality of life and costs was
accounted for in the model and proportion
receiving allo-SCT were varied in sensitivity
analyses. Furthermore, this analysis did not
consider tisagenlecleucel as a comparator.
While tisagenlecleucel is recommended for
those\ 26 years of age, there was limited over-
lap in pages aged 18–25 years between clinical
trials for KTE-X19 and tisagenlecleucel [41]; the
inclusion of tisagenlecleucel would have thus
resulted in a small sample size and high uncer-
tainty in model outcomes. Patients who did not
receive KTE-X19 due to AEs were assumed to
receive chemotherapy; while it is possible that
patients would have performed better on BLIN
or INO, this assumption has minimal impact on
the model results. Finally, it should be noted
that, as with many cost-effectiveness analyses,
the real-world outcomes and healthcare
resource use associated with each of these
treatments is likely to vary from those observed
in the clinical trials and across geographies and
health systems.

CONCLUSIONS

This study found that KTE-X19 results in
improved health outcomes with acceptable in-
cremental costs compared to BLIN, INO, or
CHEMO. KTE-X19 may be considered a cost-
effective therapy for adult R/R B-ALL patients.
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