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1 | INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most common childhood
cancer [1-4]. Cure rates for pediatric ALL (pALL) have improved
dramatically over the last 40 years, exceeding 85% in high-income
countries [2, 3, 5-7]. Approximately 15%-20% of patients will, how-
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Abstract

Survival rates for pediatric acute lymphoblastic leukemia (pALL) have improved
dramatically; relapsed/refractory (r/r) acute lymphoblastic leukemia (ALL) remains
challenging. Immunotherapies are rapidly evolving treatments for r/r ALL with lim-
ited cost-effectiveness data. This study identifies existing economic evaluations of
immunotherapy in pALL and summarizes cost-effectiveness. Medline, Embase, and
other databases were searched from inception to October 2022. Cost-effectiveness
analyses evaluating immunotherapy in pALL were included. Costs reported in 2021
USD. Of 2960 studies, 11 met inclusion criteria. Tisagenlecleucel was compared to
standard of care, clofarabine monotherapy, clofarabine combination therapy, or bli-
natumomab. No studies have evaluated blinatumomab or inotuzumab ozogamicin. Six
studies found tisagenlecleucel to be cost-effective, five of which were supported by
Novartis. Four found that it had the potential to be cost-effective, and one found that
it was not cost-effective. The cost-effectiveness of tisagenlecleucel was highly depen-
dent on list price and cure rates. This study can inform the use of tisagenlecleucel in
pALL.
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ever, develop relapsed/refractory (r/r) ALL, with survival rates between
20% and 60% [2, 3, 7-9]. Hematopoietic stem cell transplant (HSCT),
which entails significant risks and complications, remains the main
treatment for high-risk r/r ALL and, until recently, the only curative
option after salvage chemotherapy (SOC) [2, 10-13].

Immunotherapy is a rapidly evolving category of novel treatments
for childhood cancer and is an alternative in r/r ALL [5]. Blinatu-

Abbreviations: ALL, acute lymphoblastic leukemia; CAR, chimeric antigen receptor; CHEC,
Consensus Health Economic Criteria; Clo-C, clofarabine combination therapy; Clo-M,

momab, inotuzumab ozogamicin (InO), and tisagenlecleucel are
immunotherapies approved for the treatment of r/r ALL by the US

clofarabine monotherapy; DALY, disability-adjusted life-year; EFS, event-free survival; HSCT,
hematopoietic stem cell transplant; ICER, incremental cost-effectiveness ratio; ICUR,
incremental cost utility ratio; InO, inotuzumab ozogamicin; pALL, pediatric ALL; QALY,
quality-adjusted life-year; r/r, relapsed/refractory; SOC, salvage chemotherapy; WTP,
willingness-to-pay.

Food and Drug Administration [14]. Blinatumomab is a bispecific T-cell
engager that targets CD19,with an approximate cost of $225,672
USD in adults [6 , 14-16]. InO is an antibody-drug conjugate that
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targets CD22, with an approximate cost of $177,463 USD in adults.
While InO has been approved for adult use, trials involving pedi-
atric participants are ongoing, with limited research into efficacy
in the pediatric population based on compassionate use programs
[14 , 17-20]. Tisagenlecleucel is a chimeric antigen receptor (CAR)
T-cell therapy and is potentially curative, with a cost of $475,000
USD (2018) [9, 21].

Given the significant cost of these therapies, cost-effectiveness
data are needed to guide decision making. While some cost-
effectiveness studies have been conducted, they have not all
been systematically synthesized and their results vary. Synthesis
of these studies can inform decision making of policymakers, as well
as help practitioners understand how cost-effectiveness analyses
of immunotherapy have been approached. We therefore aimed
to identify existing economic evaluations of immunotherapy in
pALL and summarize their cost-effectiveness compared with other

therapies.

TABLE 1 Inclusion and exclusion criteria.

Inclusion criteria

Types of studies

WILEY -4
2 | METHODS

2.1 | Search strategy and selection criteria

This study was conducted with a librarian scientist based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analysis
Protocols recommendations. The protocol was not registered but is
available upon request. All cost-effectiveness and cost-utility analy-
ses that evaluated immunotherapies in pALL were included. Table 1
outlines inclusion and exclusion criteria.

The databases searched included Medline, Embase, Cochrane
Library, Web of Science, and ClinicalTrials.gov for relevant articles pub-
lished from inception to October 15, 2022 (Appendix A). The search
strategy used four broad categories of terms related to ALL, pedi-
atric, immunotherapy, and cost. For cost terms, filters developed by the
McMaster Health Information Research Unit were used to maximize
results [22, 23].

* The following types of quantitative and qualitative economic evaluations were included:

O Cost-effectiveness analyses (relates the cost to an outcome such as survival).

O Cost-utility analyses (relates the cost to a utility measure such as QALYs gained or DALYs prevented.
* All analytic perspectives of economic evaluations such as society, payer, provider, healthcare system, or

patient were included.
* Norestrictions were placed on date of publication.
Types of participants

* Children and young adults (defined as less than 18 years of age) with acute lymphoblastic leukemia.

* Articles with a study population with both pediatric and adult participants (including young adults up to 25
years of age) were included if they contained a subgroup analysis with >75% of the patients in the
pediatric age range (i.e., contained economic evaluation outcomes specific to a subgroup with >75% of the

patients in the pediatric age range).
Types of interventions
* Genericterms:

O Chimeric antigen receptor T cells

O Immunotherapy/immunotherapies
* Specificimmunotherapies:

O Tisagenlecleucel

O Blinatumomab

O Inotuzumab ozogamicin

O VYescarta (Axicabtagene ciloleucel)
Types of outcome measures
* Economic evaluation outcomes:

O Monetary costs

O Cost per life saved

O Cost-effectiveness ratios

O Cost per life-year or QALY gained

O Cost per event (e.g., DALY) prevented

Exclusion criteria

* Review articles, guidelines, book chapters, conference abstracts, case reports, dissertations,

commentaries, editorials, letters.

* Studies focused on immunotherapy in ALL or other diseases but with no cost assessment.

Abbreviations: ALL, acute lymphoblastic leukemia; DALY, disability-adjusted life-year; QALY, quality-adjusted life-year.



“ | WILEY

SCOLERI-LONGO ET AL.

2.2 | Data collection and analysis

One reviewer (Y.S.L.) screened all abstracts. Three reviewers inde-
pendently reviewed the full text of studies meeting inclusion criteria.
Y.S.L. reviewed all eligible articles; S.G. and P.P. each reviewed half. Dis-
crepancies were resolved through discussion within the group. The
kappa measure of agreement between reviewers was calculated. One
reviewer (Y.S.L.) extracted data from all included studies using a stan-
dardized template (Appendix B). All costs were converted to 2021
USD using the International Monetary Fund Consumer Price indices
and exchange rates available through the International Revenue
Service.

Outcomes measured included healthcare costs, life-years and
quality-adjusted life-years (QALYs) gained, and incremental cost-
effectiveness (ICER) and utility (ICUR) ratios. Cost-effectiveness was
based on whether the ICER/ICUR was below the willingness-to-pay
(WTP) threshold. Given the anticipated heterogeneity in studies and
outcomes, meta-analysis was not likely to be feasible. We a priori
decided to conduct a subgroup analysis based on whether studies were

funded by pharmaceutical companies.

2.3 | Assessment of risk of bias
The methodological quality of studies was appraised using the Con-
sensus Health Economic Criteria (CHEC) (Appendix C) [24]. Research

Ethics Board approval was not required.

3 | RESULTS

3.1 | Data abstraction and study selection

The search strategy identified 2960 studies. After removing duplicates,
1777 studies remained. Sixteen (0.9%) met criteria for full text review,
10 of which met full inclusion criteria (Figure 1). The kappa measure
of agreement between reviewers was 1.0, indicating perfect agree-
ment. One additional study [25] was identified for inclusion during full
text review. This study was not captured in the original search as it
was a review article. Upon further inspection however, it was found to

include a new cost-effectiveness analysis.

3.2 | Study characteristics

The study characteristics are summarized in Table 2. Studies were pub-
lished between 2018 and 2022 and were conducted in nine countries:
Canada, US, Spain, Japan, Netherlands, Ireland, Singapore, Switzerland,
and England. The populations in the studies varied from only pediatric
patients to young adult patients up to 25 years of age. All studies
focused on tisagenlecleucel, compared to an alternative treatment:
SOC, clofarabine monotherapy (Clo-M), clofarabine combination ther-
apy (Clo-C), or blinatumomab. No study has focused on blinatumomab

Total number of studies identified through
database search:

n = 2960

Duplicates removed:
n=1183

Total number of studies screened:
n=1777

Studies excluded at the
title/abstract stage:
n=1761

Full text studies screened:
n=16

Studies excluded:
Adult ion (n=1)
‘Wrong intervention (n=1)
Wrong study design (n=4)

Additional studies identified for
i ion through full text
review:

n=1

Studies included:
n=11

FIGURE 1 Flow diagram for study selection.

(except as acomparator) or InO. Five studies were supported by Novar-
tis, the company that produces tisagenlecleucel [3, 26-29]. Study
perspectives included public payer, healthcare system, and societal.

All studies were model-based with lifetime horizons. Discount rates
for costs and effects varied from 1.5% to 4%. Costs were reported
in local currency with reference years ranging from 2017 to 2020.
Collected costs varied, including direct healthcare costs and societal
costs.

Resource use for treatments was determined from clinical tri-
als (tisagenlecleucel—ELIANA, ENSIGN, B2101J; blinatumomab—
NCT01471782), scientific literature, and expert opinion. Unit costs
were obtained from clinical trials for tisagenlecleucel, the literature
for comparators, and local economic or government resources for
healthcare and related costs.

3.3 | Model summary and comparison

Studies used partitioned survival modeling (n=8) [3, 21, 25-30], state-
transition microsimulation (n = 2) [2, 9], and cohort modeling (n = 1)
[31]. The partitioned survival models included three health states:
event-free survival (EFS), progressive/relapsed disease, and death. In
six studies [21, 25, 26, 28-30], a decision tree was used to determine
the proportion of patients who received tisagenlecleucel infusion. In
Whittington et al., the decision tree included a second event node

that assessed a patient’s response to treatment and a third event
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FIGURE 3 Cost-effectiveness comparison by study and treatment type. Specific comparator treatments are listed on the x-axis. Error bars
indicate the range of incremental cost-effectiveness ratio (ICER) based on analyses of uncertainty. The willingness-to-pay (WTP) thresholds used in
each study are delineated by red horizontal lines. Values for ICERs, WTP thresholds, and ranges delineated by error bars can be found in Table S1.
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was highly dependent on the assumed cure rate. Compared with
Clo-M, the ICER ranged from $45,291 [27] to $49,460 [21] USD/QALY
gained. Compared with Clo-C, the ICER ranged from $25,286 [28] to
$45,726 [27] USD/QALY gained. Compared with blinatumomab, the
ICER ranged widely from $19,457 [28] to $198,399 [31] USD/QALY
gained, depending on assumed cure rate. The WTP thresholds ranged
substantially from $40,700 [2] to $161,738 [31] USD/QALY.

Six studies concluded that tisagenlecleucel was cost-effective [3, 21,
26-29]. Four studies concluded that tisagenlecleucel has the poten-
tial to be cost-effective, depending on long-term cure rates and list
prices [2, 9, 25, 31]. One study concluded that tisagenlecleucel was not
cost-effective [30]. Cost-effectiveness varied depending on whether
the study was supported by Novartis. The range of ICERs for the five
studies [3, 26-29] supported by Novartis was narrower: $19,457 [28]
to $46,726[27]. The range of ICERs for the six studies [2, 9, 21, 25, 30,
31] not supported by Novartis was wider: $37,007 [25] to $228,736[2].
All studies supported by Novartis concluded that tisagenlecleucel was
cost-effective, while only one of six independent studies concluded the

same (Figure 3).

3.6 | Analyses of uncertainty

All studies included analyses of uncertainty. Deterministic sensitivity
analyses demonstrated that assumed long-term cure rates deter-
mined whether a model would remain robust to alternative assump-
tions/inputs [2, 3, 9, 25-31]. Additional factors that impacted the ICER
were discount rate for costs/effects, cost of tisagenlecleucel, earlier
age at therapy, and consideration of productivity gains. In Sarkar et al.,
if a pessimistic survival model was assumed, tisagenlecleucel was no
longer cost-effective [9].

Probabilistic sensitivity analyses were used to estimate the proba-
bility of tisagenlecleucel being cost-effective at different thresholds,
influenced by long-term cure rate and price discount [2, 9, 21, 25-
30]. In Lin et al,, tisagenlecleucel was cost-effective assuming a 5-year
EFS of 40% with WTP of $150,000. However, the probability of
tisagenlecleucel remaining cost-effective decreased to 53% with a
long-term survival rate of 20% [31]. Furzer et al. determined that at
its current cost, tisagenlecleucel’s cost-effectiveness would fall below
$50,000/QALY only with a cure rate over 40%. The ICER rose to
$114,775 USD/QALY if the cure rate decreased to 20% [2]. Scenario
analyses found that other factors that impacted the ICER included
modification of time horizon, decrease in price of tisagenlecleucel,
and longer duration of treatment with intravenous immunoglobulin for
B-cell aplasia[3, 21, 25-28, 30, 31].

3.7 | Methodological quality of the studies

Studies were of high methodological quality based on CHEC crite-
ria (Appendix C). All studies disclosed conflicts of interest, with five
studies disclosing funding by Novartis. Walton et al. conducted an alter-

native base case analysis on the company’s proposed model; therefore,

information regarding the study perspective and detailed costs was not
provided [25]. The results did not vary based on the methodological
quality of the studies.

4 | DISCUSSION

Our findings summarize the existing evidence on cost-effectiveness
of immunotherapy in r/r pALL. Many studies have evaluated the
cost-effectiveness of tisagenlecleucel; however, none have evaluated
blinatumomab or InO, which are less expensive than tisagenlecleu-
cel but still represent significant costs. Future studies evaluating the
cost-effectiveness of these immunotherapies are needed, as they are
increasingly being used inr/r ALL.

Significant variability existed between the results of the stud-
ies. Unsurprisingly, cost-effectiveness was highly dependent on the
assumed long-term cure rate of tisagenlecleucel, which is uncertain
given the short-term follow-up of trials. Two studies demonstrated that
below a long-term cure rate of 40%, the chance of cost-effectiveness
was very low[2, 31]. Arecent study followed patients for 4.8 years after
receipt of tisagenlecleucel followed by alloHSCT [32]. These patients
had a 5-year EFS of 61.9%; however, these results are not general-
izable to patients receiving tisagenlecleucel alone [32]. In the 3-year
update of the ELIANA trial, patients were followed for 38.8 months
from the date of infusion with a 3-year EFS of 44% [33]. Our findings
suggest that investigators should be strongly encouraged to publish
long-term outcomes of seminal CAR-T trials to help inform decision
makers.

The price of tisagenlecleucel also varied across studies. The list price
for tisagenlecleucel as of 2018 was $475,000 USD [9, 21]. While some
studies used available list prices, other studies reported different val-
ues. In addition, an outcome-based pricing strategy was used in some
studies such that payment for tisagenlecleucel was only applied if a
patient achieved initial remission. While this can mitigate some finan-
cial risk, the high rates of initial remission with tisagenlecleucel make its
impact less significant [31]. A recent study by Heine et al. estimated the
budget impact of tisagenlecleucel for pALL in Europe and concluded
that while tisagenlecleucel has a promising role, it still represents a
significant financial burden [34]. Our findings build upon this recent
systematic review, incorporating results from CEAs completed since its
publication, and thus providing policymakers with the most up-to-date
information regarding cost-effectiveness of immunotherapies in pALL.

The choice of WTP threshold also impacted cost-effectiveness. In
some studies, the WTP threshold was based on country-specific pre-
defined standards [26, 28, 30]. However, in others, the WTP was
justified as a “commonly used threshold” or no rationale was provided.
In some studies, multiple hypothetical WTP thresholds were used [2,
31]. Although the choice of a WTP threshold is in some ways itself
a value-based judgment, this variability presents a major challenge in
interpreting and comparing results.

Finally, it is worth noting that the above sources of variability were
treated differently based on funding source. The studies supported by
Novartis tended to have lower base case ICERs with less variability
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in sensitivity analyses; all found tisagenlecleucel to be cost-effective.
The remainder of the studies tended to have higher base case ICERs
with substantial variability in sensitivity analyses. Most of these stud-
ies concluded that tisagenlecleucel was either not cost-effective or
had the potential to be cost-effective depending on different factors,
including price reductions or optimistic cure rates. When assessing
cost-effectiveness studies of novel agents, decision makers should take
the funding source into account.

Study strengths include a robust search strategy and compre-
hensive analysis of the studies. Several limitations also merit men-
tion. As noted above, we could not identify any literature regarding
blinatumomab or InO, which limits the ability of policymakers to
make funding decisions. Second, significant heterogeneity existed
between studies based on costs included, the cost of tisagenlecleu-
cel acquisition, and cost of total treatment. Third, all studies were
conducted in high-income countries, limiting generalizability to other
settings.

In conclusion, studies identified in this systematic review focused
on the cost-effectiveness of tisagenlecleucel in pediatric r/r ALL. While
some included blinatumomab as a comparator, none studied blinatu-
momab or InO as the intervention. Most studies found that the cost-
effectiveness of tisagenlecleucel was highly dependent on list price
and long-term cure rates, which are currently unclear. Other important
factors to consider include potential conflicts of interest, as stud-
ies supported by Novartis generally showed more favorable results.
While additional economic evaluations are needed to explore cost-
effectiveness of immunotherapies in pALL with longer-term follow-up,
this study can help inform the decisions of policymakers with respect
to the use of tisagenlecleucel in r/r pALL based on current literature.
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