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Abstract
Background  Economic evaluation of one-time therapies during reimbursement decision-making is challenging due to uncer-
tain long-term outcomes. The availability of 5-year outcome data from the ELIANA trial and real-world evidence of tisagen-
lecleucel, the first chimeric antigen receptor T-cell (CAR-T) therapy, presents an opportunity to re-evaluate the predictions 
of prior cost-effectiveness analyses (CEAs).
Objective  To conduct a systematic literature review (SLR) of prior CEAs of tisagenlecleucel for pediatric/young adult 
relapsed or refractory acute lymphoblastic leukemia (r/r ALL) and evaluate the impact of recently available 5-year efficacy 
data from ELIANA and advances in CAR-T manufacturing in an updated CEA model.
Methods  OVID MEDLINE/Embase and health technology assessment (HTA) databases were searched for full-text eco-
nomic evaluations in English reporting cost-effectiveness results for tisagenlecleucel for r/r ALL. Evaluations with publicly 
reported incremental cost-effectiveness ratios (ICERs) were included in the SLR. Study screening and data abstraction were 
conducted following PRISMA guidelines. Data extracted included the country/currency, perspective, clinical trial evidence, 
model structures, long-term efficacy extrapolation approaches (i.e., overall survival [OS]), time horizon, discount rates, and 
outcomes (i.e., life years [LY], quality-adjusted LY [QALY], and ICERs). The CEA model reported in Wakase et al. was 
updated using 5-year OS data from ELIANA and the CAR-T infusion rate informed by real-world practice.
Results  Sixteen records corresponding to 15 unique studies were included in the SLR (11 publications and 5 HTA reports); 
all were conducted from the health care system perspective of the respective countries. Most studies found tisagenlecleucel 
to be cost effective, but all studies’ projected 3- and 5-year OS rates for tisagenlecleucel were lower than the observed 3- 
and 5-year rates, respectively, derived from 5-year ELIANA data. When applying updated OS projections from the most 
recent ELIANA data cut and higher infusion rates of 92.5% (per the real-world infusion rate)—96.0% (per the manufacturer 
success rate) to the CEA of Wakase et al., the associated QALYs for tisagenlecleucel increased from 11.6 to 14.6–15.0, 
and LYs increased from 13.3 to 17.0–17.5. Accordingly, the ICERs for tisagenlecleucel decreased from ¥2,035,071 to 
¥1,787,988–¥1,789,048 versus blinatumomab and from ¥2,644,702 to ¥2,257,837–¥2,275,181 versus clofarabine combina-
tion therapy in the updated CEA model.
Conclusions and Relevance  Projections at launch of the likely cost effectiveness of tisagenlecleucel appear to have underes-
timated its ultimate economic value given more recent trial and real-world data. To balance uncertainty in initial valuation 
with the need to provide access to novel oncology therapies, payers can consider flexible reimbursement policies alongside 
ongoing assessments as new data emerge.
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Key Points for Decision Makers 

In a systematic literature review, most economic assess-
ments of tisagenlecleucel at launch projected it to be cost 
effective, yet consistently applied conservative long-term 
efficacy assumptions.

Application of updated efficacy results to an example 
cost-effectiveness model revealed that prior economic 
assessments largely underestimated the value of tisa-
genlecleucel compared with observed 5-year data from 
ELIANA that are now available.

To balance uncertainty in initial valuation with the need 
to provide access to novel oncology therapies, payers 
could establish interim coverage policies and value-
based contracting, alongside ongoing assessments as 
new data emerge.

1  Introduction

The past decade has brought remarkable innovation in cell 
and gene therapies aiming to provide long-term benefit 
through a single treatment. However, it is challenging to 
assess the value of novel, highly-active therapies at regu-
latory approval for reimbursement decision-making due to 
limited long-term data and frequent lack or infeasibility of 
head-to-head trials comparing them with standard of care 
(SOC) options [1]. If early data indicate promising long-
term clinical benefit and curative potential for a disease with 
high unmet need, it creates urgency to develop solutions 
for timely access. In addition to accumulation of long-term 
data, several factors occurring after approval can impact cost 
effectiveness. The cellular therapy manufacturing and deliv-
ery processes are novel and continuously evolving, demon-
strated by higher infusion success rates and shorter waiting 
times in the commercial setting than those observed in early 
clinical trials [2, 3]. Over time, the medical community’s 
accumulated experience contributes to the optimal utiliza-
tion of these therapies, often among a population broader 
than that in clinical trials, and improved best practices for 
managing potential adverse events (AEs). Often, new and 
expanded indications pose additional challenges for cell and 
gene therapy reimbursement decisions.

These features are evidenced in emerging data from tisa-
genlecleucel, the first chimeric antigen receptor T cell (CAR-
T) therapy made available to patients when it was approved 
in the USA for B-cell precursor acute lymphoblastic leu-
kemia (ALL) in children and young adults (aged up to 25 

years) who were in their second or later relapse [4, 5]. B-cell 
ALL is one of the most common malignancies diagnosed 
in children and approximately 15% of pediatric and young 
adults with ALL ultimately relapse or experience refractory 
(r/r) disease after first-line treatment, which is associated 
with increased morbidity and mortality [6–8]. The approval 
of tisagenlecleucel was based on the pivotal single-arm, 
Phase II ELIANA trial, wherein 81% of infused patients 
achieved remission, accompanied by meaningful quality-of-
life gains [9]. In contrast to prior SOC therapies for r/r ALL 
such as salvage chemotherapy (SC), tisagenlecleucel targets 
the tumor with high precision and can therefore be effective 
for aggressive disease where other therapies have failed [10].

Since the first approval of tisagenlecleucel in 2017, 
the success rate of manufacturing patients’ autologous 
CAR-T cells has improved, waiting times for infusion have 
decreased, and updates to the management of cytokine 
release syndrome and neurotoxicity have resulted in better 
tolerance and lower toxicity [11–13]. As it has been more 
than 5 years since the initial approval of tisagenlecleucel, we 
now have access to its related real-world and long-term trial 
data. Thus, there is an opportunity to evaluate how a one-
time therapy, such as tisagenlecleucel, was initially evalu-
ated by health technology assessment (HTA) agencies and in 
cost-effectiveness analyses (CEAs), to understand whether 
their assumptions were realistic and to determine whether 
modifications to existing approaches for assessing the value 
of one-time therapies are warranted.

Accordingly, we aimed to evaluate the impact of long-
term data from ELIANA and evidence accumulated from 
real-world clinical practice on the economic value of tisa-
genlecleucel. First, we conducted a systematic literature 
review (SLR) of CEAs of tisagenlecleucel for ALL and 
summarized the clinical trial evidence used, long-term effi-
cacy extrapolation approaches, and conclusions. Next, we 
conducted analyses incorporating long-term, 5-year effi-
cacy data from ELIANA (data cutoff: November 17, 2022; 
median follow-up: 2.2 years; data on file, Novartis), as well 
as real-world data on improvements in CAR-T infusion rate, 
to understand their impact on the outcomes of a recent CEA 
of tisagenlecleucel for r/r ALL [14].

2 � Methods

2.1 � Systematic Literature Review

The methods for performing the SLR followed the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (Fig. 1; refer to Supplemental Meth-
ods for the search strategy). A systematic literature search 
for full-text publications and reports describing economic 
evaluations of tisagenlecleucel for r/r ALL was conducted in 
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OVID MEDLINE/Embase (March 16, 2023) and HTA data-
bases where English reports were available (March 28, 2023) 
(a list of HTAs searched is in the Supplemental Methods). 
Records were excluded if not in English or did not report 
cost-effectiveness results of tisagenlecleucel in r/r ALL.

The following data elements were extracted: country, 
currency, perspectives; patient population; comparators; 
sources of clinical evidence; model structures; methods of 
long-term extrapolation of efficacy data; time horizon and 
discount rates; and outcomes including costs, life years 
(LYs), quality-adjusted life years (QALYs), and incremen-
tal cost-effectiveness ratios (ICERs). The estimated overall 
survival (OS) rates with tisagenlecleucel in the first 5 years 
were extracted when available, which were compared with 
those observed using 5-year ELIANA data.

To assess the results across multiple countries, the ICERs 
of tisagenlecleucel versus comparators in the base-case and 
sensitivity/scenario analyses were compared against the 
respective willingness-to-pay (WTP) thresholds in each 
country.

2.2 � Assessing the Economic Value 
of Tisagenlecleucel Based on Long‑term Data 
and Improved Infusion Rate

To assess the impact of long-term data, the CEA model 
reported in Wakase et al. [14] was updated using 5-year 
ELIANA data and the infusion rate informed by real-world 
practice. Wakase et al. was selected because the model was 
accessible to the authors for update. It was a partitioned 
survival model (PSM) evaluating the cost effectiveness of 
tisagenlecleucel in comparison with blinatumomab and clo-
farabine combination therapy for the treatment of r/r ALL 
from the perspective of a Japanese public health care payer. 
A leading decision-tree was applied to the tisagenlecleucel 
arm, which was separately followed by patients who received 
tisagenlecleucel infusion versus those who did not receive 
infusion for various reasons. Among those who received 
infusion, the efficacy, cost, and disutility inputs were based 
on the tisagenlecleucel-infused population. Patients who 
did not receive tisagenlecleucel infusion were assumed to 

Fig. 1   PRISMA flow dia-
gram of studies and reports 
included in the systematic 
literature review (SLR). HTA 
health technology assessment, 
PRISMA Preferred Reporting 
Items for Systematic Reviews 
and Meta-Analyses, SLR sys-
tematic literature review. aThe 
searches in OVID MEDLINE/
Embase and the HTA databases 
were conducted on March 16, 
2023 and March 28, 2023, 
respectively. bRecords were 
excluded if results were not 
separately reported for pediatric 
patients with relapsed/refractory 
acute lymphoblastic leukemia. 
cRecords were excluded if they 
were not full-text articles or 
HTA reports (e.g., note, letter, 
comment, case report, editorial, 
protocol, review, meta-anal-
ysis, or conference abstract). 
dRecords were excluded if 
results were not separately 
reported for the cost-effective-
ness analysis. eRecords were 
excluded if the incremental 
cost-effectiveness ratio of tisa-
genlecleucel was not reported or 
was not publicly available
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have received blinatumomab, and the associated efficacy and 
costs were assumed to be the same as those directly assigned 
to blinatumomab.

All patients were distributed across the following parti-
tioned health states: event-free survival (EFS), progressive 
disease, and death. The utilities were assumed to depend 
on health states only and to be independent of treatment. 
For patients who received tisagenlecleucel infusion, the 
observed OS and EFS data during the trial period were 
used to model OS and EFS until Year 5. For comparators, 
the observed OS during the trial period reported in respec-
tive trial publications was used, and then after the end of 
trial observation period the hazard ratios (HRs) versus tisa-
genlecleucel derived from the matching-adjusted indirect 
comparison (MAIC) analyses were used to project OS up to 
Year 5. EFS data were not publicly available and were thus 
estimated based on OS data, assuming a constant cumula-
tive HR between OS and EFS. At the end of Year 5, liv-
ing patients were assumed to be long-term survivors who 
would experience no additional relapses and whose risk of 
death was based on standard mortality ratio (SMR)-adjusted 
general population mortality. The model also assumed that 
the clinical benefits of subsequent hematopoietic stem cell 
transplant (HSCT) were captured in the EFS and OS esti-
mations for all treatments as a result of using the direct trial 
data, whereas the costs and disutilities of the procedure were 
added separately. The base-case analysis was performed over 
a lifetime horizon with a monthly model cycle, with costs 
and effectiveness discounted 2% annually following the 
recommendations from the Japan HTA agency Center for 
Outcomes Research and Economic Evaluation for Health 
(C2H) [15].

The OS and EFS data originally used by Wakase et al. 
[14] for tisagenlecleucel were based on pooled trial data 
from an earlier data cut with a shorter follow-up time of 
ELIANA (ClinicalTrials.gov Identifier: NCT02435849), the 
Phase II ENSIGN trial (NCT02228096), and the Phase I/II 
B2101J study (NCT01626495). All three trials were single-
arm studies without randomization and the enrolled patients 
had similar characteristics. These three trials enrolled pedi-
atric or young adult patients (aged up to 25 years) with ALL 
who were primary refractory, chemo-refractory, relapsed 
after HSCT, chemotherapy resistant, or were otherwise 
ineligible for HSCT; 44–63% of patients had received prior 
HSCT and the number of prior regimens ranged from 1 to 9. 
In the updated model, the observed OS and EFS data were 
replaced with the 5-year ELIANA data. The longer follow-
up data from ELIANA were immature for assessment of the 
cure assumption, thus the updated model kept the original 
assumption that patients alive after 5 years were long-term 
survivors, which was supported by literature [16–18]. The 
proportion of patients receiving tisagenlecleucel infusion in 
the model by Wakase et al. was updated from the trial-based 

to the real-world infusion rates of 92.5% and 96.0% (using 
the manufacturer success rate as the upper limit) [2], reflect-
ing improvements in manufacturing and CAR-T delivery. 
All other CEA parameters remained the same as those in the 
original model. LYs, QALYs, and ICERs in the base-case 
analysis were estimated from the updated model constructed 
in Excel (Microsoft, Redmond, WA, USA). In addition, 
deterministic sensitivity analyses (DSAs) and probabilistic 
sensitivity analyses (PSAs) were performed again to reflect 
the updated model.

3 � Results

3.1 � SLR of CEAs of Tisagenlecleucel for r/r ALL

3.1.1 � Search Results

A total of 219 publications and 18 HTA reports were identi-
fied and screened for eligibility (Fig. 1). Sixteen records cor-
responding to 15 unique studies were included in the SLR, 
comprising 11 publications [14, 19–28] and 5 HTA reports 
[29–33]. Whittington et al. [28] reflected the same results as 
a 2018 report from the Institute for Clinical and Economic 
Review [30] and were consolidated (henceforth referred to 
as the ICER report). The other HTA reports included a 2021 
report from the C2H in Japan [33], a 2019 report from the 
Canadian Agency for Drugs and Technologies in Health 
(CADTH) [29], a 2018 report from the National Institute 
for Health and Care Excellence (NICE) in the UK [31], and 
a 2019 report from Scottish Medicines Consortium (SMC) 
[32]. The 2019 report from the Medical Services Advisory 
Committee (MSAC) in Australia [34] was excluded because 
ICER results were not publicly available.

3.1.2 � Overview of the Included Studies

Three studies were conducted in the USA (Sakar et al. [26], 
Lin et al. [27], and ICER [28, 30]); two in the UK (NICE 
[31] and SMC [32]); two in Canada (Furzer et al. [25] and 
CADTH [29]); two in Japan (Wakase et al. [14] and C2H 
[33]); and one each in Australia (Gye et al. [19]), Ireland 
(Carey et al. [20]), Singapore (Wang et al. [21]), Switzerland 
(Moradi-Lakeh et al. [22]), the Netherlands (Thielen et al. 
[23]), and Spain (Ribera-Santasusana et al. [24]) (Table S1). 
Eleven studies considered pediatric and young adult patients 
up to age 23–25 years, and 4 studies only considered pediat-
ric patients with r/r ALL.

All evaluations were conducted from the health care sys-
tem perspectives of the respective countries, either nation-
alized or private. The reports from the Netherlands and 
USA (Sarkar et al.) also included the societal perspective. 
As comparators with tisagenlecleucel, 11 studies included 
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blinatumomab, 7 included SC, 7 included clofarabine (as 
combination therapy [Clo-C], monotherapy [Clo-M], or 
both), and 1 included inotuzumab ozogamicin. Salvage 
chemotherapy was typically based on fludarabine, cytara-
bine, and idarubicin (FLA-IDA). Additionally, the com-
parator in two evaluations was the regional SOC, defined 
in Furzer et al. as any treatment a tisagenlecleucel-eligible 
patient received at their physician’s discretion, including 
chemotherapy with follow-up HSCT, and in Sarkar et al. as 
Clo-C followed by HSCT.

The model structure in 8 studies was a PSM preceded 
by a decision tree. The PSM part reflects the health states 
of EFS or PFS, progressed/relapsed disease, and death. Lin 
et al. used a Markov structure and the ICER report used a 
semi-Markov structure preceded by a decision tree. Thielen 
et al., Ribera-Santasusana et al., and the CADTH report used 
a PSM without a decision tree, while Furzer et al. and Sarkar 
et al. used a microsimulation approach.

3.1.3 � Efficacy Sources for Tisagenlecleucel and Long‑term 
OS Extrapolation Approaches

The majority of studies (12) used data from ELIANA, 
ENSIGN, and the B2101J study (Table 1). Two evaluations 
used data from ELIANA and ENSIGN (Gye et al. and Carey 
et al.), and one (Sarkar et al.) used ELIANA data only. In 
addition, in the CADTH report, the company submission 
used pooled data from all 3 sources, but the re-analysis by 
CADTH used only ELIANA data. Nine evaluations used 
efficacy inputs per the tisagenlecleucel-infused populations 
in clinical trials, 3 used efficacy inputs from the intent-to-
treat (ITT) population, and 3 did not report this information.

Among the 15 studies, before applying the long-term sur-
vival extrapolation, 7 explored standard parametric models, 
spline models, and mixture cures, whereas 3 only explored 
standard parametric models and 5 only used observed data. 
Typically, statistical fit, visual fit, and/or clinical assessment 
were used to select the best fitting model. All studies used 
a lifetime horizon (i.e., 70–88 years). In 13 studies, SMRs 
were applied to extrapolate long-term survival after 3–5 
years. The majority of studies used a SMR of 9.1 sourced 
from a Canadian cohort study in childhood cancer patients 
who had survived at least 5 years [17], whereas 3 studies 
used SMRs of 15.5, 15.2 and 20.8, respectively, obtained 
from studies investigating ALL survivors specifically [17, 
35, 36].

3.1.4 � Overall Survival Estimates for Tisagenlecleucel 
in the Identified CEAs Compared with 5‑year ELIANA 
Data

The OS rates for tisagenlecleucel in the first 5 years, as 
predicted by the included evaluations and as observed in 

ELIANA with 5-year data, are summarized in Table 2. Over-
all, the 3- and 5-year OS rates were available and extracted 
from 8 of the 15 studies. Of these 8 studies, 3 reported the 
OS rates among the ITT population and 5 reported the OS 
rates among infused patients only.

In the 5-year ELIANA data, over 30% of patients were 
still under follow-up at Year 5. The number of patients at 
risk of death among the ITT population (n = 98) was 66, 
43, and 33 at Years 1, 3, and 5, respectively; among infused 
patients (n = 80), the numbers were 61, 43, and 25, respec-
tively. The survival rate of infused patients in the 5-year 
ELIANA data was higher than that of infused patients in the 
previous data cut used in the CEA by Wakase et al. (3-year 
OS: 63.8% vs 62.8%; EFS: 49.2% vs 47.6%).

Across all 8 studies with available information, the 3- 
and 5-year OS rates among infused patients (ranging from 
18.8 to 63.4% at Year 3 and from 7.2 to 44.2% at Year 5) 
were lower than those observed in the ELIANA 5-year data, 
which were 63.8% and 56.0%, respectively. After applying 
the real-world infusion rate of 92.5–96.0% to the infused 
efficacy observed in the ELIANA 5-year data, the OS rates 
estimated among all intended for tisagenlecleucel infusion 
were 59.0–61.3% at Year 3 and 51.8–53.8% at Year 5, higher 
than those predicted by the included CEAs.

3.1.5 � Results of the Economic Evaluations

The results of the included studies’ CEA analyses are sum-
marized in Table 3. Among the included CEA studies, 
the efficacy inputs of comparators were generally sourced 
from the respective clinical trials and the cost components 
accounted for comparators were similar, including drug 
acquisition and administration costs, hospitalization costs 
during treatment, AE costs, disease management costs, and 
subsequent treatment costs. However, the specific considera-
tions varied across studies. The incremental QALYs for tisa-
genlecleucel in the base-case analyses ranged widely from 
− 0.61 in Lin et al. to 10.77 in Thielen et al. In Lin et al., the 
assumed 5-year relapse-free survival (RFS) was overly con-
servative at 0%; in Thielen et al., all patients were assumed 
to receive tisagenlecleucel infusion. The company submis-
sion to C2H included incremental QALYs of 8.56–9.55 
but was revised in the re-analyses by C2H to 6.64–8.57. 
The company submission to CADTH included incremental 
QALYs of 8.61–11.74 but was revised in the re-analyses by 
CADTH to 7.94–10.60.

Among the US studies, the base-case ICERs per QALY 
gained ranged from USD $45,871 in the ICER report to 
$61,000–$184,000 in Lin et al. (Table 3). The company 
submission to C2H estimated generally lower ICERs per 
QALY gained (¥1,994,592–¥2,087,581) than the re-analy-
sis by C2H (¥2,184,285–¥2,747,550) [33]. This was poten-
tially due to more conservative assumptions for long-term 
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extrapolation of survival in the C2H re-analysis. The 
CADTH report estimated generally lower ICERs per QALY 
gained (CAD $51,295–$54,393) than Furzer et al. (CAD 
$71,000–$281,000) due to more conservative assumptions 
for the QALYs for tisagenlecleucel in the latter. The two UK 
CEAs arrived at similar ICERs per QALY gained, ranging 
from £18,392–£25,404 in the NICE report and £25,238 in 
the SMC report.

Overall, 13 of the 15 studies found tisagenlecleucel to 
be cost effective for r/r ALL under their country-specific 
WTP thresholds in the base case (Fig. 2). Among these 13 
studies, Lin et al. and Furzer et al. each included three sce-
narios assuming different efficacy for tisagenlecleucel: 0%, 
20%, and 40% RFS rates in Lin et al. and low cure rates of 
10%, 20%, and 40% in Furzer et al. Tisagenlecleucel was 
projected to be cost effective under the most reasonable, 
although still conservative, scenarios per its true efficacy 
(i.e., a 40% RFS rate in Lin et al. and 40% cure rate in Furzer 
et al.). The two studies that did not find tisagenlecleucel cost 
effective, Gye et al. and Carey et al., both reported fewer 
discounted QALYs for tisagenlecleucel than other studies 
(i.e., 5.36 and 4.33, respectively, vs 8.29–16.76 in other 

studies when reasonable scenarios were used in Lin et al. 
and Furzer et al.). This may be due to the higher benefit dis-
count rates used in both studies (5.0% in Gye et al. and 4.0% 
in Carey et al. vs 1.5–3.5% in others) and a higher SMR in 
Carey et al. (15.5 vs 9.1 applied in most studies). In addition, 
Gye et al. and Carey et al. used WTP thresholds of AUD 
$50,000/USD $33,454 and €45,000/USD $49,352, respec-
tively, which were lower than thresholds for other countries 
ranging from USD $52,725–$150,000, except Spain (USD 
$32,901). The WTP thresholds that should be used are sub-
ject to debate and historical influence. If twice the per-capita 
country-specific gross domestic product were instead used 
as the threshold, all studies found tisagenlecleucel to be cost 
effective (eFig. 1).

3.2 � Economic Value of Tisagenlecleucel Based 
on Long‑term Data and Improved Infusion Rate

We updated the model used in Wakase et  al. with the 
5-year OS and EFS data observed among tisagenlecleu-
cel-infused patients in ELIANA, which yielded improve-
ments in the modeled OS versus that derived from the 

Table 2   Tisagenlecleucel OS estimates across the included studies versus ELIANA latest data cut and real-world data

OS overall survival
a All publications here except for Thielen et  al. 2020 and Sarkar et  al. 2019 considered both infused and non-infused tisagenlecleucel-treated 
patients; however, survival curves were sometimes only reported for infused patients
b The OS rates at Year 3 and Year 5 in non-infused patients were both 0%

Population Study author/yeara OS rates (%) Notes

At Year 3 At Year 5

Infused patients ELIANA latest data cut (data cut-off: 
November 17, 2022)

63.8 56.0 –

Gye et al. [19] 63.4 44.2 Weighted average of responders and non-
responders

Carey et al. [20] 41.8 28.3 –
Lin et al. [27] 44.4 37.1 40% 5-year relapse-free survival

36.3 23.4 20% 5-year relapse-free survival
18.8 7.2 0% 5-year relapse-free survival

Sarkar et al. [26] 38.3 35.1 –
Thielen et al. [23] 52.2 41.1 –

Infused patients in the real world John et al. [40] 58.7 – –
All patients intended for tisagen-

lecleucel infusion
ELIANA latest data cut, reflecting 

92.5–96.0% infusion rate per real-world 
datab

59.0–61.3 51.8–53.8 92.5% is the infusion rate observed in 
Schultz et al. [39]; 96% is the manufac-
turer success rate reported in Rodrigues 
et al. [2]

ELIANA latest data cut per observed 
infusion rate of 81.6%

53.2 46.6 Per the observed infusion rate in ELIANA

Ribera Santasusana et al. [24] 48.6 39.6 –
Wakase et al. [14] 50.7 40.2 –
Wang et al. [21] 48.3 48.0 –



Past and Current Evidence-Based Value Assessments of Tisagenlecleucel

Ta
bl

e 
3  

S
um

m
ar

y 
of

 d
is

co
un

te
d 

ba
se

-c
as

e 
re

su
lts

 a
cr

os
s t

he
 d

iff
er

en
t C

EA
 m

od
el

s

A
ut

ho
r/y

ea
r

C
os

ts
 fo

r T
is

a-
ce

l
C

os
ts

 fo
r c

om
pa

ra
-

to
r

In
cr

em
en

ta
l c

os
ts

Q
A

LY
s f

or
 T

is
a-

ce
l

Q
A

LY
s f

or
 c

om
-

pa
ra

to
rs

In
cr

em
en

ta
l Q

A
LY

s
IC

ER
 p

er
 Q

A
LY

 
ga

in
ed

W
TP

G
ye

 e
t a

l. 
[1

9]
A

U
D

 $
58

5,
89

0
A

U
D

 $
20

6,
29

4
A

U
D

 $
37

9,
59

5
5.

36
1.

09
4.

27
A

U
D

$8
8,

97
9

A
U

D
$5

0,
00

0
C

ar
ey

 e
t a

l. 
[2

0]
€3

76
,8

78
€2

19
,9

50
€1

56
,9

28
4.

33
2.

18
2.

15
€7

3,
08

6
€4

5,
00

0
W

an
g 

et
 a

l. 
[2

1]
S$

59
8,

92
4 

(U
SD

 
$4

53
,0

10
)

S$
14

6,
60

7–
 

S$
20

9,
24

5 
(U

SD
 $

11
0,

88
9–

 
$1

58
,2

67
)

$3
89

,6
79

– 
S$

45
2,

31
7 

(U
SD

 $
29

4,
74

2 
–$

34
2,

12
0)

10
.6

0
0.

73
–3

.1
0

7.
50

–9
.8

7
S$

45
,8

40
–S

$5
1,

97
8 

(U
SD

 $
34

,6
72

–
$3

9,
31

5)

S$
75

,0
00

W
ak

as
e 

et
 a

l. 
[1

4]
¥4

0,
27

6,
34

0
¥1

4,
98

6,
47

3–
 

¥2
2,

97
6,

25
9

¥1
7,

30
0,

08
1–

 
¥2

5,
28

9,
86

7
11

.6
3

2.
07

–3
.1

3
8.

50
–9

.5
6

¥2
,0

35
,0

71
– 

¥2
,6

44
,7

02
¥7

,5
00

,0
00

C
2H

 re
po

rt 
20

21
 

[3
3]

C
om

pa
ny

 su
b-

m
is

si
on

: 
¥4

0,
24

5,
19

2–
 

¥4
0,

44
8,

38
6

C
2H

 a
na

ly
si

s:
 

¥4
0,

25
8,

16
2–

 
¥4

0,
47

5,
63

3

C
om

pa
ny

 su
b-

m
is

si
on

: 
¥2

1,
19

6,
01

2–
 

¥2
2,

98
8,

92
4

C
2H

 a
na

ly
si

s:
 

¥2
1,

35
2,

00
5–

 
¥2

3,
17

4,
08

4

C
om

pa
ny

 su
b-

m
is

si
on

: 
¥1

7,
25

6,
26

8–
 

¥1
9,

04
9,

18
0

C
2H

 a
na

ly
si

s:
 

¥1
7,

08
4,

07
8–

 
¥1

8,
90

6,
15

7

C
om

pa
ny

 su
bm

is
-

si
on

: 1
1.

11
–1

1.
58

C
2H

 a
na

ly
si

s:
 

8.
55

–9
.8

6

C
om

pa
ny

 su
bm

is
-

si
on

: 2
.0

3–
3.

01
C

2H
 a

na
ly

si
s:

 
1.

29
–1

.9
1

C
om

pa
ny

 su
bm

is
-

si
on

: 8
.5

6–
9.

55
C

2H
 a

na
ly

si
s:

 
6.

64
–8

.5
7

C
om

pa
ny

 su
bm

is
-

si
on

: ¥
1,

99
4,

59
2–

 
¥2

,0
87

,5
81

C
2H

 a
na

ly
si

s:
 

¥2
,1

84
,2

85
– 

¥2
,7

47
,5

50

¥7
,5

00
,0

00

M
or

ad
i-L

ak
eh

 e
t a

l. 
[2

2]
C

H
F 

51
1,

93
9

C
H

F 
25

9,
56

5–
28

5,
59

5
C

H
F 

22
6,

34
4–

25
2,

37
4

8.
29

0.
39

–2
.0

7
6.

22
–7

.9
0

C
H

F 
31

,9
61

–3
6,

41
9

C
H

F 
10

0,
00

0

Th
ie

le
n 

et
 a

l. 
[2

3]
€4

09
,5

63
–€

55
2,

67
9

€1
13

,9
37

–€
26

7,
25

9
€2

85
,4

20
–€

39
1,

87
6

11
.2

6
0.

49
–2

.2
5

9.
01

–1
0.

77
€2

3,
22

9–
€3

7,
53

1
€8

0,
00

0
R

ib
er

a 
Sa

nt
as

us
an

a 
et

 a
l. 

[2
4]

€3
57

,4
25

.0
7

€9
9,

04
6.

67
€2

58
,3

78
.4

0
9.

43
0.

46
8.

97
€2

8,
81

8.
52

€3
0,

00
0

Fu
rz

er
 e

t a
l. 

[2
5]

CA
D

 $
58

2,
00

0–
$5

85
,0

00
 (U

S 
$4

42
,0

98
–

$4
44

,3
77

)

CA
D

 $
11

4,
00

0 
(U

S 
$8

6,
59

7)
CA

D
 $

46
8,

00
0–

$4
71

,0
00

 (U
S 

$3
55

,5
01

–
$3

57
,7

80
)

5.
14

–1
0.

07
3.

46
1.

68
–6

.6
1

CA
D

 $
71

,0
00

–
$2

81
,0

00
 (U

SD
 

$5
3,

93
3–

$2
13

,4
53

)

CA
D

 $
10

0,
00

0

Sa
rk

ar
 e

t a
l. 

[2
6]

U
SD

 $
96

8,
80

0
U

SD
 $

44
0,

60
0

U
SD

 $
52

8,
20

0
16

.7
6

8.
58

8.
18

U
SD

 $
64

,6
00

–
$6

9,
50

0
U

SD
 $

15
0,

00
0

Li
n 

et
 a

l. 
[2

7]
U

SD
 $

54
8,

00
0–

$7
13

,0
00

U
SD

 $
28

2,
00

0–
$3

74
,0

00
U

SD
 $

26
6,

00
0–

$4
31

,0
00

2.
96

–8
.7

4
3.

12
–3

.5
7

−
 0

.6
1 

to
 5

.1
7

U
SD

 $
61

,0
00

–
$1

84
,0

00
U

SD
 $

15
0,

00
0

IC
ER

 re
po

rt 
20

18
 

[3
0]

/W
hi

tti
ng

to
n 

et
 a

l. 
[2

8]

U
SD

 $
66

6,
75

4
U

SD
 $

33
7,

25
6

U
SD

 $
32

9,
49

8
9.

28
2.

10
7.

18
U

SD
 $

45
,8

71
U

SD
 $

15
0,

00
0

CA
D

TH
 re

po
rt 

20
19

 [2
9]

C
om

pa
ny

 su
b-

m
is

si
on

: C
A

D
 

$7
27

,0
10

CA
D

TH
 re

-
an

al
ys

es
: C

A
D

 
$7

98
,9

67

C
om

pa
ny

 su
b-

m
is

si
on

: C
A

D
 

$2
32

,9
80

–
$3

52
,2

36
CA

D
TH

 re
-

an
al

ys
es

: C
A

D
 

$2
33

,3
43

–
$3

23
,0

82

C
om

pa
ny

 su
bm

is
-

si
on

: $
37

4,
77

4–
$4

94
,0

29
CA

D
TH

 re
-a

na
l-

ys
es

: $
45

2,
37

1–
$5

65
,6

24

C
om

pa
ny

 su
bm

is
-

si
on

: 1
2.

15
CA

D
TH

 re
-a

na
ly

-
se

s:
 1

0.
95

C
om

pa
ny

 su
bm

is
-

si
on

: 0
.4

1–
3.

54
CA

D
TH

 re
-a

na
ly

-
se

s:
 0

.3
5–

3.
00

C
om

pa
ny

 su
bm

is
-

si
on

: 8
.6

1–
11

.7
4

CA
D

TH
 re

-a
na

ly
-

se
s:

 7
.9

4–
10

.6
0

C
om

pa
ny

 su
b-

m
is

si
on

: C
A

D
 

$4
1,

02
8–

43
,5

18
CA

D
TH

 re
-

an
al

ys
es

: C
A

D
 

$5
1,

29
5–

$5
4,

39
3

CA
D

 $
10

0,
00

0

N
IC

E 
re

po
rt 

20
18

 
[3

1]
N

R
N

R
N

R
N

R
N

R
N

R
£1

8,
39

2–
£2

5,
40

4
£5

0,
00

0



	 T. Laetsch et al.

pooled tisagenlecleucel data of the prior data cut (Fig. 3). 
When applying the most recent OS projections and an 
infusion rate of 92.5–96% to the CEA of Wakase et al., 
the associated QALYs for tisagenlecleucel increased by 
3.0–3.4 years and LYs increased by 3.7–4.2 years. The 
ICERs of tisagenlecleucel decreased from ¥2,035,071 to 
¥1,787,988−¥1,789,048 versus blinatumomab and from 
¥2,644,702 to ¥2,257,837−¥2,275,181 versus clofarabine 
combination therapy (table inset, Fig. 3). Even if the infusion 
rate remained unchanged (i.e., 84% based on pooled ELI-
ANA, ENSIGN, and B2101J data), the QALYs and LYs for 
tisagenlecleucel still increased by 1.9 and 2.5, respectively.

The DSA results of the updated model, reflecting 
updated efficacy and current infusion rate (eFig. 2 [infu-
sion rate of 96%] and eFig. 3 [infusion rate of 92.5%]), 
suggested that the ICERs of tisagenlecleucel versus 
both comparators were reduced compared to the origi-
nal Wakase et al. model. Similar to the original model, 
when productivity gain was considered, tisagenlecleucel 
dominated both comparators. The largest ICER across 
all DSAs decreased from ¥2,885,485 to ¥2,549,724- 
¥2,551,493 versus blinatumomab and decreased from 
¥3,756,251 to ¥3,223,428- ¥3,248,597 versus clofarabine 
combination therapy. Across all other DSAs, the ICER 
were reduced and the degree of reduction ranged from 
¥142,113 to ¥594,428 versus blinatumomab and from 
¥242,491 to ¥971,266 versus clofarabine combination 
therapy. At a threshold of ¥7,500,000 per QALY gained 
[37, 38], the probability of tisagenlecleucel being cost 
effective remained 100% compared to both comparators 
in the PSA analysis of the updated model, considering 
either rate of infusion (eFig. 4 [infusion rate of 96%] and 
eFig. 5 [infusion rate of 92.5%]).

4 � Discussion

In the SLR of prior economic analyses of tisagenle-
cleucel for r/r ALL, there were large variations in the 
results that were partially attributable to the differences 
in the extrapolation approach used to project long-term 
efficacy. All studies used some type of extrapolation 
mechanism based on trial data, particularly ELIANA, 
but some incorporated a cure assumption for patients in 
remission at 5 years while others did not. Additionally, 
some assumptions explored were overly conservative 
relative to the observed long-term data, such as low cure 
rates or RFS. This heterogeneity is reflected in the wide 
ranges of LYs (7.13–20.60) and QALYs (2.96–16.76) 
of tisagenlecleucel reported by the studies, which can 
greatly impact the value assessment. The variations in 
the models’ efficacy inputs largely stemmed from the 
lack of long-term efficacy data for tisagenlecleucel and Ta

bl
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differing willingness to accept uncertainties for new 
CAR-T therapies.

Although the majority of CEAs found that tisagen-
lecleucel was cost effective under their country’s WTP, 
its value was likely still underestimated in many studies. 
Specifically, both the LYs and QALYs for tisagenlecleu-
cel substantially increased when applying efficacy data 
from the 5-year ELIANA data cut to the model of Wakase 
et al., whether or not improvements in the CAR-T infu-
sion rates were considered. Notably, the 5-year ELIANA 
data revealed that the best extrapolation approach to pre-
dict the observed OS of tisagenlecleucel was to fit all 
standard parametric survival models and spline models 
and then calculate the average weighted by Akaike infor-
mation criterion of each model. This approach incorpo-
rates spline models, which can provide more flexibility 
in curve fitting compared to standard parametric survival 
models and may better reflect long-term extrapolation.

Real-world evidence has consistently confirmed the 
efficacy of tisagenlecleucel in r/r ALL as observed in 
ELIANA. For example, a 2022 real-world study reported 
that the 1-year OS of 185 patients with r/r B-ALL infused 
with commercial tisagenlecleucel was 72% [39]. The 
Center for International Blood and Marrow Transplant 
Research (CIBMTR) registry of patients with r/r B-ALL 
reported a 3-year OS rate of 58.7% among 578 patients 
infused with commercial tisagenlecleucel, but the safety 
outcomes were more favorable than in ELIANA [40]. 
This finding is notable given that the real-world CIB-
MTR population is broader and more diverse than that 
of ELIANA, which excluded patients under the age of 3 
years or with < 5% bone marrow blasts.

In a recent (2023) public summary by MSAC for the 
review of tisagenlecleucel in r/r ALL [41], released after 
the conduct of the present SLR, MSAC considered that 
the economic model had overestimated the benefits of 
tisagenlecleucel and underestimated the value of bli-
natumomab. The statement was partly due to the fact 
that data used for tisagenlecleucel and blinatumomab 
in the model submitted to MSAC were directly derived 
from the respective clinical trials without accounting for 
cross-trial differences in patient populations. Conversely, 
MAIC of tisagenlecleucel versus comparators was used 
in the Wakase CEA and our updated analysis. In addi-
tion, the statement was in the context of the comparison 
between tisagenlecleucel and blinatumomab. However, 
based on the OS rate in infused patients, the 30-month 
OS rate per 5-year ELIANA data (65.3%; November 

2022 data cutoff) was higher than that reported in the 
MSAC document based on prior data cuts of ELIANA 
and ENSIGN data (55.11% and 59.64%, respectively, 
from ELIANA December 2017 and ENSIGN September 
2022 data cutoffs); this is consistent with our findings 
in the present study that the value of tisagenlecleucel 
was likely underestimated when using the prior data 
cut. MSAC also considered that some of the benefit of 
tisagenlecleucel could be influenced by the use of sub-
sequent treatments, particularly HSCT. However, sub-
sequent HSCT was considered as part of the treatment 
strategy in clinical practice for some patients receiving 
tisagenlecleucel and was allowed in ELIANA. Therefore, 
assessments for tisagenlecleucel should reflect both the 
benefit as well as costs and disutilities caused by sub-
sequent HSCT, which was the case in the Wakase et al. 
CEA, our updated analysis, and the MSAC submission. 
The real-world evidence from the CIBMTR registry sug-
gests that tisagenlecleucel is also effective without sub-
sequent HSCT [42]. The use of subsequent HSCT after 
tisagenlecleucel in current clinical practice is driven par-
tially by efficacy and partially by existing practice habit 
and belief, which may change in the future.

These results demonstrate the importance of long-term 
data and the challenge of projecting outcomes with lim-
ited observed data for novel therapies like CAR-T, where 
both manufacturing and real-world clinical practices will 
evolve. Further, our findings underscore the need to eval-
uate the appropriate timing to derive value-based pricing 
for novel therapies, as the results from CEAs based on 
early trial data could be uncertain.

Nevertheless, coverage and reimbursement decisions 
for one-time, potentially curative therapy require bal-
ancing the needs of diverse stakeholders. These include 
patients’ urgent need for a potentially life-saving therapy, 
payers’ needs for robust evidence to quantify the treat-
ment’s value, and the manufacturer’s need to preserve 
the value and sustainable innovation of novel medical 
technologies. Irrespective of the selected reimbursement 
approaches, it is important for policy makers to promptly 
establish interim reimbursement policies to ensure that 
patients have timely access to new treatments while 
allowing long-term data and real-world evidence on both 
efficacy and safety to be continuously collected. Periodic 
re-assessment could help ensure that the scarce resources 
are used wisely to cover treatments that provide value 
to society. As new data emerge, reimbursement deci-
sions can be revised accordingly to better reflect the 
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demonstrated value of treatments. Additionally, reassess-
ments could encourage more detailed safety and effi-
cacy monitoring post-approval, which could be of great 

benefit to patients and to the development of future ther-
apies. By experimenting with flexible approaches such as 
outcome-based contracts, we can mitigate uncertainties 
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when long-term data are not available while shorten-
ing the gap between the time of regulatory approval and 
patients’ receipt of treatments.

The results of this study are subject to several limitations. 
First, the impact of long-term efficacy data and the real-
world infusion rate of tisagenlecleucel was only assessed 
using the model by Wakase et al., as that was the only model 
available to the authors. Similar or potentially larger impacts 
could be expected on other models, as the OS estimates in 
Wakase et al. were closer to the values observed in the long-
term ELIANA data whereas other studies tended to be more 
conservative. Second, the current studies found that prior 
CEAs made conservative assumptions for tisagenlecleucel, 
although this does not imply that conservative assumptions 
were used in CEAs of other novel therapies. Third, this study 
utilized conventional cost-effectiveness thresholds when a 
case can be made for higher thresholds for rare, health-cat-
astrophic conditions such as r/r ALL [43].

5 � Conclusions

Using tisagenlecleucel as a case study, we discovered that 
most prior CEAs included conservative assumptions regard-
ing its long-term efficacy yet found it cost effective for r/r 
ALL. The application of long-term clinical and real-world 
data of tisagenlecleucel’s efficacy and improved infusion 
rate increased the projected LYs and QALYs gained, fur-
ther supporting that it is a cost-effective option for r/r ALL. 
Considering the unique nature of one-time, potentially cura-
tive therapies like CAR-T and the insights gained from this 
case study, it is important for payers to promptly establish 
flexible, value-based reimbursement policies to balance the 
need for timely access to novel treatments with uncertainty 
in initial valuations.

Fig. 2   Cost effectiveness of tisagenlecleucel for r/r ALL compared 
with other therapies, based on WTP threshold of the country. The 
dots represent the comparison of the  base-case incremental cost-
effectiveness ratio against the respective WTP threshold  while the 
ranges represent the comparison of incremental cost-effectiveness 
ratios from sensitivity/scenario analyses against the WTP  threshold. 
The red dashed line represents the WTP threshold where incremen-
tal cost-effectiveness ratios on the left of this line reflect that tisagen-
lecleucel was found to be cost-effective at the study country’s WTP 
for a comparator. C2H Center for Outcomes Research and Economic 
Evaluation for Health, CADTH Canadian Agency for Drugs and 
Technologies in Health, Com comparator, ICER Institute for Clinical 
and Economic Review, NICE National Institute of Health and Care 
Excellence, RFS relapse-free survival, r/r ALL relapsed/refractory 
acute lymphoblastic leukemia, SMC Scottish Medicines Consor-
tium, WTP willingness to pay. a In Furzer et  al. 2020, a cure state 
was included to account for the limited long-term survival informa-
tion currently available for tisagenlecleucel. The base-case estimates 
used a range of cure rates from 10 to 40% for those offered treatment 
based on expert opinion. b In Lin et  al. 2018, three scenarios that 
cover a broad range of plausible long-term outcomes on the basis of 
observed variance and expert opinion were evaluated: 0%, 20% and 
40% 5-year RFS rates without hematopoietic stem-cell transplanta-
tion and tisagenlecleucel as a bridge to transplantation under a 0% 
transplantation-free 5-year RFS scenario. c In Lin et al. 2018, tisagen-
lecleucel was dominated by blinatumomab in the base-case analysis 
and all scenario analyses for the scenario applying 0% as the 5-year 
RFS rate. d In Moradi-Lakeh et al. 2021 and Wakase et al. 2022 the 
lowest sensitivity/scenario analysis result was tisagenlecleucel being 
dominant over comparators. e In CADTH 2019, only the results of 
price-reduction scenario analyses were reported. f In SMC 2019, only 
the results of selected sensitivity analyses were reported. The lowest 
sensitivity/scenario analysis result was not available

◂

Fig. 3   The impact of 5-year ELIANA data and improved infusion rate on the predicted LYs, QALYs and ICERs. ICER incremental cost-effec-
tiveness ratio, LY life year, OS overall survival, QALY quality-adjusted life year
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