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Purpose: Tisagenlecleucel, a chimeric antigen receptor T-cell (CAR-T) therapy, is a pro-

mising alternative for the management of children and young adults with relapsed and

refractory B-cell acute lymphoblastic leukemia (r/r ALL). The aim of this study was to

determine whether treatment with tisagenlecleucel is a cost-effective intervention compared

with salvage chemotherapy in paediatric and young adult patients with r/r ALL in Spain.

Materials and Methods: A partitioned survival model of monthly cycles with three health

states was used (event-free survival, progressive/relapsed disease and death). A lifetime time

horizon and the Spanish National Health System perspective were adopted. During the first

5 years, permanence in the different health states was determined according to the results in the

clinical studies. In successive years, mortality tables of the Spanish general population adjusted by

standardized mortality rate for survivors of childhood cancer were used. Clinical, economic, and

quality of life parameters were drawn from clinical trials and the literature. Only direct health costs

(pharmacological costs and the costs derived from health resource use) were included. The

robustness of the results was evaluated in a sensitivity analysis.

Results: This cost-effectiveness analysis showed a greater benefit (10.10 and 8.97 life-years

gained [LYGs] and quality-adjusted life-years [QALYs] gained, respectively) and a higher cost

(€ 258,378.40) for tisagenlecleucel compared to salvage chemotherapy. The resulting incremen-

tal cost-effectiveness and cost-utility ratios were € 25,576.80 per LYG and € 28,818.52 per

QALY gained, respectively. In the sensitivity analysis, all the results were below € 50,000/QALY.

Conclusion: Tisagenlecleucel would represent a cost-effective intervention for the treatment

of children and young adults with r/r ALL in Spain.

Keywords: ALL, cost-effectiveness, tisagenlecleucel, acute lymphoblastic leukaemia, Spain,

CAR-T

Introduction
Acute lymphoblastic leukaemia (ALL) is the most common neoplasm in children,

accounting for 75–80% of cases of paediatric leukaemia and 25% of tumours

diagnosed in children.1,2

In recent decades substantial improvements have occurred in the treatment of ALL,

which have contributed to the cure rate rising from <10% in the 1960s to >80% at

present.3,4 However, refractory disease and relapse remain important challenges in the

disease management.
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Between 15% and 20% of children and young adults

with ALL are estimated to have refractory disease or

relapses (r/r ALL).5–8 These patients have a very poor

prognosis and the survival rate may be <10% after two

or more relapses.6

Children and young adults with r/r ALL generally

receive salvage chemotherapy to achieve complete remis-

sion (CR) and become candidates for allogeneic hemato-

poietic stem cell transplantation (HSCT), a potentially

curative procedure. However, allogeneic HSCT is viable

only in patients who respond to chemotherapy and have an

adequate donor,9 and is associated with numerous poten-

tially life-threatening short, medium- and long-term com-

plications (infections, hepatic veno-occlusive disease,

acute or chronic graft-versus-host disease) which have a

substantial impact on the survival and the quality of life of

patients.10–12

Chimeric antigen receptor T-cell (CAR-T) therapies are

a promising alternative for the management of children

and young adults with r/r ALL. CAR-T therapies are based

on the genetic modification of the patient’s lymphocytes in

order to target and kill the tumour cells. CAR-T produc-

tion requires the patient’s lymphocytes to be extracted

from the blood by apheresis and modified in the labora-

tory, adding a gene that codes for a chimeric antigen

receptor (CAR). These modified and expanded cells are

infused into the patient intravenously.13,14

Tisagenlecleucel is the first CAR-T therapy indicated

for the treatment of paediatric and young adult patients up

to 25 years of age with B-cell ALL that is refractory, in

relapse post-transplant (HSCT) or in second or later

relapse, and is the first gene therapy financed by the

Spanish National Health System (NHS).14,15

The safety and efficacy of treatment with tisagenlecleu-

cel in paediatric and young adult patients with r/r B-cell

ALL were evaluated in the pivotal ELIANA study and in

two supportive studies (ENSIGN and B2101J).13,16-19 In

the pivotal ELIANA study, among infused patients (n =

75), the overall remission rate within 3 months was 81.3%,

the median overall survival (OS) was 19.1 months, and the

probability of survival at 6 and 12 months were 90.3% and

76.4%, respectively.14,19 The most frequent adverse events

(AE) of special interest were cytokine release syndrome

(CRS) (77.3%), infections (42.7%), neurological events

(40.0%), cytopenias not resolved by day 28 (37.3%), feb-

rile neutropenia (34.7%) and tumour lysis syndrome

(4.0%).19

The objective of this study was to determine whether

treatment with tisagenlecleucel is a cost-effective interven-

tion compared with salvage chemotherapy in paediatric

and young adult patients with r/r ALL within the indica-

tions supported by the Spanish NHS.

Materials and Methods
An economic evaluation of direct health costs was carried

out from the perspective of the NHS using cost-effective-

ness and cost-utility analyses.

We used a lifetime time horizon to capture all costs and

benefits of the introduction of tisagenlecleucel. As recom-

mended by national pharmacoeconomic guidelines when

the time horizon of the analysis is >1 year, a discount rate

of 3% per year was applied to costs and benefits.20,21

Patients
A population of paediatric and young adult patients up to 25

years of age with B-cell ALL that is refractory, in relapse

post-transplant or in second or later relapse was considered.

The definition of this population is consistent with the

indication of tisagenlecleucel and the clinical characteris-

tics of the population included in the ELIANA, ENSIGN

and B2101J studies.13,16-19

Treatments
To date, the clinical studies of tisagenlecleucel have

included a single arm, so there is no study comparing

tisagenlecleucel with any other treatment. In the present

analysis, tisagenlecleucel was compared with FLA-IDA

salvage chemotherapy (combination of fludarabine, cytar-

abine and idarubicin), which is the most frequent treat-

ment used in the target population of tisagenlecleucel in

Spain.

In the case of tisagenlecleucel, we considered the

results obtained in the intention to treat (ITT) population

(all enrolled patients, regardless of whether they received

tisagenlecleucel infusion or not) from the pooled data of

the ELIANA (NCT02435849, cut-off date: December 31,

2017), ENSIGN (NCT02228096, cut-off date: October 6,

2017) and B2101J trials (NCT01626495, cut-off date:

January 30, 2017).13,16-19 In the case of the comparator,

we considered the results of a study in which the efficacy

of salvage chemotherapy was evaluated in children with r/r

ALL,22 a population comparable to that of patients eligible

to receive tisagenlecleucel.
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Analysis
A partitioned survival model of monthly cycles with three

health states was used: event-free survival (EFS), progres-

sive/relapsed disease (PD/RL) and death. The model struc-

ture is shown in Figure 1. The proportion of patients in the

EFS state is defined by the results of EFS with each

treatment and corresponds to patients who are still free

of progression. The proportion of patients in the PD/RL

state is defined by the difference between the OS and EFS

curves, corresponding to patients who have relapsed or

have progressed and who are still alive, and the proportion

of patients in the death state is determined by the OS

results.

Effectiveness Measures
Effectiveness was expressed as quality-adjusted life years

(QALY) gained and life-years gained (LYG).

During the first 5 years, LYGs were estimated using

parametric curves obtained from the OS results observed

in the clinical studies (tisagenlecleucel: ELIANA,

ENSIGN and B2101J; salvage chemotherapy: Von

Stackelberg et al).13,16-19,22 Several models were con-

structed according to parametric functions (exponential,

Weibull, Gompertz, log-normal, log-logistic, gamma) and

spline curves (with one, two, three or four nodes). Given

that no curve precisely matched the results observed, OS

was estimated using a curve resulting from the weighting

of the different distributions. Parametric estimates and

goodness-of-fit criteria were estimated for each survival

distribution (Table 1S). A visual comparison of the survi-

val data based on the observed data, all considered dis-

tributions, and the weighted distribution are reported in

Figure 1S (tisagenlecleucel) and Figure 2S (FLA-IDA).

From the fifth year onwards, those who remained alive

were subsequently assumed long-term survivors of ALL.

The long-term ALL survival was modelled using mortality

tables with a mortality adjustment using the standardized

mortality rate (SMR) ratio of 5-year ALL survivors pub-

lished in the literature.23 Therefore, LYG were estimated

using mortality tables of the Spanish general population24

applying an SMR for survivors of childhood cancer (SMR

= 9.05).23 The resulting OS curve is shown in Figure 2.

During the first 5 years, EFS was estimated in different

ways for tisagenlecleucel and for the comparator. For

tisagenlecleucel, parametric curves models were fitted to

the EFS data. For the comparator, no EFS data were

available; therefore, the EFS curve was derived from the

OS curve assuming that the cumulative hazard function for

EFS would be proportional to the cumulative hazard func-

tion for OS (0.83). After year 5, the same approach was

used for both treatments: the cumulative survival probabil-

ities of EFS were assumed to flatten up until they reached

OS (Figure 3).

QALYs were estimated according to the time patients

remained in each health state and the utilities associated

with that state, determined on a scale of 0 (death) to 1

(perfect health). The utilities in each health state were

obtained from the literature25 and were validated by clin-

ical experts. Additionally, disutilities associated with treat-

ment, the intensive care unit (ICU) stay, and HSCT were

considered, and an adjustment was applied according to

age (Table 1).26,27

Resource Use and Health Costs
The cost estimate included the costs of pharmacological

treatments and the costs derived from health resource use.

All costs are expressed in 2018 euros.

In the case of tisagenlecleucel, it was assumed that all

candidates for tisagenlecleucel infusion would undergo leu-

kapheresis and cryopreservation of the patient leukapheresis

material, but that only 81.8% would receive tisagenlecleucel

infusion.16–19 Therefore, a different resource use was con-

sidered in the case of those who would receive tisagenlecleu-

cel infusion and those who would not. In infused patients,

based on the clinical trial results, the costs of the use of the

following resources were considered: bridging chemother-

apy (71.3% of patients),16–19 lymphodepleting chemotherapy

(96% of patients),13,16 tisagenlecleucel infusion,13,16 hospi-

talization (Table 2), management of AE (Tables 2S, 3S

and 4S), HSCT (16.58% of patients),16–19 follow-up

(Table 3) and terminal care. In non-infused patients, the

Event-free Survival 

Progressive /
Relapsed Disease Death

Figure 1 Structure of the cost-effectiveness model.
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costs of salvage chemotherapy (one FLA-IDA cycle), hospi-

talization (Table 2), AE management (Table 2S), follow-up

(Table 3) and terminal care were considered.

In the case of the comparator, the pharmacological costs

of salvage chemotherapy (FLA-IDA), hospitalization costs

(Table 2), costs of themanagement of AE (Table 2S), costs of

HSCT (43.14% of patients),22 follow-up (Table 3) and term-

inal care costs were considered.

The cost of treatment was estimated according to the ex-

factory price (EFP) of each drug in the database of the

General Council of Official Associations of Pharmacists

(CGCOF) after applying the corresponding discount accord-

ing to Royal Decree Law (RDL) 8/201028,29 (Table 4).

The costs of treatment were calculated assuming

wastage, and considering the therapeutic schedule in a

patient with the baseline characteristics of the patients

included in the ELIANA, ENSIGN and B2101J studies

(41.69 kg and 1.3 m2). The treatment schedules and doses

considered in the analysis were validated by clinical

experts and are described in Table 5.14

The unit costs of health resources were obtained from

the literature and from national databases (Minimum Basic

Data Set and eSalud) (Table 6).30–32

Finally, the costs derived from the management of

grade III/IV AEs with an incidence of ≥5% in the two

treatment options were considered. The AE rates of tisa-

genlecleucel were obtained from the ELIANA study and

those of salvage chemotherapy from Raetz et al.13,16,19,33

Table 2S shows the AEs considered in the analysis, with

the proportion of patients in both treatment arms and the

Tisagenlecleucel
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0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

0 50 100 150 200 250 300

O
ve

ra
ll 

su
rv

iv
al

Months

Tisagenlecleucel FLA-IDA

Figure 2 Predicted OS curve for tisagenlecleucel and salvage chemotherapy.

Abbreviation: FLA-IDA, combination of fludarabine, cytarabine and idarubicin; OS, overall survival.
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Figure 3 Predicted EFS curve for tisagenlecleucel and salvage chemotherapy.

Abbreviation: EFS, event-free survival; FLA-IDA, combination of fludarabine, cytaribine and idarubicin.
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unit cost. The costs of AEs were obtained from the litera-

ture and the eSalud database.32

Additionally, in patients treated with tisagenlecleucel,

the costs of treatment with intravenous immunoglobulin

(IVIG) during the duration of B-cell aplasia recorded in

the ELIANA study were collected, considering that

73.33% of infused patients would receive IVIG for 11.4

months, resulting in a cost per event of € 12,775.99 (see

detail in the supplementary material Table 4S).13,16,34

Sensitivity Analysis
A deterministic sensitivity analysis was performed to con-

firm the robustness of the model and evaluate the influence

of variations in the parameters with the greatest uncer-

tainty. As recommended by the main Spanish pharmacoe-

conomic guidelines, discount rates of 0% and 5% were

applied for costs and benefits, and the effect of modifica-

tions in the time horizon (20 and 50 years, compared with

the lifetime horizon in the base case) was evaluated.20,21

Additionally, the effect of variations in different para-

meters was evaluated, including, among others, variations

in the length of IVIG treatment (EFS; versus 11.4 months

in the base case), the point from which long-term ALL

survival data for OS are considered (after 2 years vs

5 years in the base case), the estimated efficacy based on

alternative parametric functions, the utilities considered

(ELIANA; versus the estimate based on the literature in

the base case), the proportion of transplanted patients, and

the unit costs of all resources considered in the model

(± 25%). The details of the analysis are shown in the

supplementary material (Tables 5S and 6S).

Results
Results of the Base Case
The addition of tisagenlecleucel to the treatment of

patients aged up to 25 years with r/r ALL provided an

additional gain in effectiveness over salvage chemotherapy

of 10.10 LYGs and 8.97 QALYs (Table 7).

The introduction of tisagenlecleucel entailed an addi-

tional total cost of € 258,378.40. In the case of tisagenle-

cleucel, the main cost determinant was the pharmacological

cost while, in the case of FLA-IDA, it was the cost derived

from HSCT (Table 7).

Taking these results into account, an incremental cost-

effectiveness ratio (ICER) of € 25,576.80/LYG and an

incremental cost-utility ratio (ICUR) of € 28,818.52/

QALY was estimated.

Table 1 Utilities and Disutilities Considered in the Analysis

Health State Utility

State Utility Source

Utility in the EFS state 0.91 Based on Kelly et al, 2015.25

Utility in the PD/RL state 0.75

Disutilities

Input Disutility Comments

Disutility associated with

treatment with

tisagenlecleucel or with

FLA-IDA

− 0.42 Based on Sung et al, 2003.26

It was applied during the

hospital stay.

Disutility associated with

ICU stay

− 0.91 It was assumed that during

hospitalization in the ICU

patients had a utility = 0.

Disutility associated with

HSCT

− 0.57 Disutility based on Sung et al,

2003.26 The disutility for

HSCTwas assumed to last

for one year.

Age-Related Utilities

Age (years) Adjustment Source

Age <25 1 Values based on Szende et al,

2014 after adjustment for

each age range.27

Age 25–34 0.99

Age 35–44 0.97

Age 45–54 0.90

Age 55–64 0.85

Age 65–74 0.83

Age 75+ 0.77

Abbreviations: EFS, event-free survival; FLA-IDA, combination of fludarabine,

cytarabine and idarubicin; HSCT, haematopoietic stem cell transplantation; ICU,

intensive care unit; PD/RL, progressive/relapsed disease.

Table 2 Hospital Stay According to Treatment

Number

of Days

Source

Patients Infused with Tisagenlecleucel

Lymphodepleting

chemotherapy

13.98 days Estimate based on ELIANA;13,16

validated by clinical experts.

Tisagenlecleucel 25.85

daysa

1.78 days

in ICUb

Estimate based on ELIANA;13,16

validated by clinical experts.

Patients Treated with Salvage Chemotherapy

FLA-IDA 21 days Based on opinion of clinical

experts

Notes: aAverage length of stay after tisagenlecleucel infusion (excluding ICU).
bAverage days of ICU stay not due to CRS after tisagenlecleucel infusion.

Abbreviations: FLA-IDA, combination of fludarabine, cytarabine and idarubicin;

ICU, intensive care unit.
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In short, the results of this analysis show that tisagen-

lecleucel would be a cost-effective intervention compared

with salvage chemotherapy, considering a willingness-to-

pay threshold of € 30,000/QALY.

Results of the Sensitivity Analysis
The sensitivity analysis showed that the results of the

model are robust, since all variations result in an ICUR

below € 50,000/QALY. The details of all the results are

shown in the supplementary material (Tables 5S and 6S).

In the tornado diagram (Figure 4), the changes in para-

meters that most affected the results were those made in the

discount rate for costs and benefits (0–5%; 3% base case), the

pharmacological cost of tisagenlecleucel (± 25%) and age of

onset (1–25 years; 12 years base case). Even so, all modifica-

tions resulted in an ICUR below € 40,000/QALY.

In the analysis of scenarios (Table 6S in the supplemen-

tary material), the modification of the time horizon (20 years;

vs lifetime in the base case) and different OS parametric

functions are the most influential variations in the results, in

all cases resulting in an ICUR below € 50,000/QALY.

Discussion
The therapeutic value of tisagenlecleucel in patients with

r/r ALL has been widely recognized by the health systems

of various European Union countries, including Spain,

which NHS has incorporated tisagenlecleucel into its port-

folio of services at unprecedented speed for a high-cost,

high-complexity treatment.15,35

To date, three economic evaluations of tisagenlecleucel for

the treatment of paediatric r/r ALL have been carried out, all in

theUnited States and from the perspective of the health service

Table 3 Resource Use of Tisagenlecleucel and Salvage Chemotherapy in EFS and PD/RL States

Frequency of Visits/Tests in the EFS State PD/RL

Year 1 Year 2 Years 3–5 Years 5+

Consultant visit Tisagenlecleucel 12 4 2 2 6

Salvage chemotherapy 6 1

Blood tests Tisagenlecleucel 16 4 2 0 6

Salvage chemotherapy 6

Cerebrospinal fluid Tisagenlecleucel 1 0 0 0 1

Salvage chemotherapy 1

Electrocardiogram Tisagenlecleucel 1 0 0 0 0

Salvage chemotherapy 0

Bone marrow aspirate Tisagenlecleucel 3 0 0 0 1

Salvage chemotherapy 1

Bone marrow biopsy Tisagenlecleucel 3 0 0 0 0

Salvage chemotherapy 0

Echocardiogram Tisagenlecleucel 0 0 0 0 1

Salvage chemotherapy 1

Notes: Resource use validated by clinical experts.

Abbreviations: EFS, event-free survival; PD/RL, progressive/relapsed disease.

Table 4 Drug Prices Before and After the Discount According to RDL 8/2010

Treatment EFP Discount RDL 8/2010 EFP - Discount RDL 8/2010

Tisagenlecleucel (1.2 x 106 to 6 x 108 cells dispersion for infusion) € 320,000.00 4% € 307,200.00

Cyclophosphamide (1 g, 1 vial) € 10.40 15% € 8.84

Etoposide (20 mg/mL, 1 vial, 5 mL) € 5.03 – € 5.03

Fludarabine (25 mg/mL, 1 vial, 2 mL) € 49.77 – € 49.77

Cytarabine (1 g, 1 vial, 10 mL) € 14.38 – € 14.38

Idarubicin (5 mg, 1 vial, 5 mL) € 40.90 – € 40.90

Abbreviations: EFP, ex-factory price; RDL, royal decree Law.
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payer.36–38 Additionally, a report by the National Institute for

Health and Care Excellence (NICE) recommended the use of

tisagenlecleucel for paediatric r/r ALL within the Cancer

Drugs Fund39 and a report from the Institute for Clinical and

Economic Review concluded that tisagenlecleucel could be

cost-effective in this indication.40 In these evaluations, tisa-

genlecleucel was compared with blinatumomab,38,39 and with

salvage chemotherapy based on the use of clofarabine

monotherapy37,40 or other agents.36,38

The present study is the first cost-effectiveness and

cost-utility analysis of tisagenlecleucel in a European

country. Our results show that treatment with tisagenle-

cleucel would be a cost-effective intervention compared

with salvage chemotherapy in paediatric and young adult

patients with r/r ALL in Spain, providing a gain of 9.03

QALYs and an ICUR below € 30,000/QALY, a cost-utility

threshold commonly accepted in Spain.21,41 Likewise, the

introduction of tisagenlecleucel would also be associated

with an incremental gain of 10.10 LYGs, with an ICER of

€ 25,576.80/LYG.

Although the QALYs gained in the present study are similar

to those estimated by Whittington et al37 and Sarkar et al,36 and

somewhat lower than those found by Lin et al,38 the ICUR

estimated in this study from the NHS perspective (€ 28,818.52/

QALY) is clearly lower than that observed in the previous

reports. This could be due, mainly, to the fact that the difference

in the price of tisagenlecleucel betweenSpain and theUS ismore

than € 200,000. Likewise, comparisons between our study and

the US economic evaluations should be made with caution, due

to differences in the methodologies used and the variability

inherent to carrying out analyses in different settings.

Table 5 Treatment Dosages Considered in the Model

Treatment Drug Dosagea

Intervention Treatment: Tisagenlecleucel

Lymphodepleting

chemotherapyb
Regimen 1 Fludarabine 30 mg/m2 IV daily for 4 days

Cyclophosphamide 500 mg/m2 IV daily for 2 days

Regimen 2 Cytarabine 500 mg/m2 IV daily for 2 days

Etoposide 150 mg/m2 IV daily for 3 days

CAR-T infusion Tisagenlecleucel For patients 50 kg and below: 0.2 to 5 x 106 CAR-positive viable T cells/kg

body weight.

For patients above 50 kg: 0.1 to 2.5 x 108 CAR-positive viable T cells (non-

weight based).

Comparator Treatment: Salvage Chemotherapy

FLA-IDA Fludarabine 30 mg/m2 IV daily (5 doses)

Cytarabine 2,000 mg/m2 IV daily (5 doses)

Idarubicin 8 mg/m2 IV daily (3 doses)

Notes: aDosages validated by clinical experts. bBased on the ELIANA study, it was considered that 94.67% of patients received regimen 1; and 1.33% of patients, regimen 2.13,14

Abbreviations: CAR, chimeric antigen receptor; FLA-IDA, combination of fludarabine, cytarabine and idarubicin; IV, intravenous.

Table 6 Unit Costs of Health Resources Used in the Analysis

Resources Unit Cost

Hospitalizations

General hospitalization (haematology) (cost/day)a € 915.72

ICU stay (cost/day) € 1,470.36

Other Health Resources

Cryopreservation € 1,109.35

Leukapheresis € 1,640.58

Day hospital visit € 220.90

Specialist visit € 86.46

Electrocardiogram € 40.12

Blood tests € 99.51

Cerebrospinal fluid € 317.85

Bone marrow aspirate € 280.42

Echocardiogram € 102.68

Bone marrow biopsy € 280.42

Subsequent HSCT costb € 88,237.91

Terminal care costc € 6,041.74

Notes: aEstimated from the cost of the stay equivalent to DRGICD-9-CM 204

“Lymphoid leukaemia” and the length of stay for this ICD-9-CM stipulated in the

Minimum Basic Data Set (CMBD).31 bThe costs of HSCT include: cost of allogeneic

HSCTprocess (Cost 803-ALOGENICBONEMARROWTRANSPLANTATION); cost

of resource use resulting from obtaining hematopoietic stem cells (weighted according

to the sources of hematopoietic stem cells, based on data from the Annual Report on

HSCT of the National Transplant Organization); and cost of follow-up for 2 years.

Details of the estimate pending publication. cEstimated from: Nuño-Solinís et al.30

Abbreviations:HSCT, hematopoietic stem cell transplantation; ICU, intensive care unit.
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In the previous reports, the costs and results of tisa-

genlecleucel were considered on the assumption that all

patients received the tisagenlecleucel infusion (per-proto-

col population analysis). However, in the present study,

costs and efficacy results were considered in the candidate

population to receive tisagenlecleucel, which includes both

infused and non-infused patients (ITT population analy-

sis), taking into account the results observed in clinical

trials. Considering the clinical and economic results in the

ITT population reflects a more realistic approach to the

results expected in clinical practice, and was the option

recommended by clinical experts.

Currently, in Spain, patients with r/r ALL receive sal-

vage chemotherapy in order to achieve a CR that allows

HSCT and, therefore, this therapeutic intervention has

been considered as the comparator. However, in clinical

practice, a high proportion of patients treated with salvage

chemotherapy do not achieve CR, do not have a compa-

tible donor, die before being able to receive HSCT or

develop complications during salvage chemotherapy that

contraindicate the HSCT realization. For this reason, in the

cost estimates of the comparator, the proportion of patients

receiving HSCT observed in the same study that was used

as a source of effectiveness data was considered.22

Likewise, as the rate of transplantation observed in the

clinical trials of tisagenlecleucel (16.58%) was considered,

the present study provides a view closer to real clinical

practice than previous reports.37,38 In any case, the sensi-

tivity analysis of the present study showed that neither

variations in the proportion of transplanted patients or

the cost of HSCT had a significant impact on the results.

In the cost-effectiveness study conducted by Lin et al,38 the

efficiency of tisagenlecleucel was based on confirmation of the

long-term effectiveness results without the requirement for

HSCT in a substantial proportion of patients. However, in

the present analysis, considering that 16.58% of patients trea-

ted with tisagenlecleucel would receive HSCT, tisagenlecleu-

cel would remain a cost-effective option. Likewise, to assess

the effect of variations on the proportion of transplanted

patients, in the sensitivity analysis a range in HSCT carried

out of between 11.33% and 21.83% was considered. In all

cases, the results were below € 30,000/QALY.

In economic evaluations in other countries, tisagenle-

cleucel was compared with blinatumomab and clofarabine

monotherapy.37–39 However, these options would not be

adequate in our setting. Blinatumomab has a negative

financing opinion42,43 and, in the opinion of clinical

experts, clofarabine monotherapy is not considered a treat-

ment option for these patients in Spain. Therefore, con-

servatively, we chose to estimate the costs of salvage

chemotherapy based on FLA-IDA, the most frequent sal-

vage chemotherapy used in Spain.

However, in somepatients, blinatumomabmight be used as

a foreign drug, which would mean a significant increase in

pharmacological costs for the comparator, with amodest effect

in terms of efficacy. In children with r/r ALL, blinatumomab

has shown a response rate44–47 somewhat higher than that

observed with salvage chemotherapy15,19,48 but lower than

that observed with tisagenlecleucel in the ELIANA study

(81.3% at 3 months).14,19

Table 7 Results of the Cost-Effectiveness and Cost-Utility

Analysis. Base Case

Tisagenle-

cleucel

FLA-IDA Incremental

Costs

Pre-treatmenta € 27,694.64 – € 27,694.64

Treatment € 276,381.25 € 20,062.68 € 256,318.57

Drug € 251,378.83 € 832.65 € 250,546.18

Hospitalization € 25,002.42 € 19,230.03 € 5,772.39

Adverse events € 31,244.21 € 34,098.83 € -2,854.61

Follow-up € 5,978.91 € 869.07 € 5,109.83

EFS € 4,415.65 € 473.25 € 3,942.40

PD/RL € 1,563.25 € 395.82 € 1,167.43

Subsequent HSCTb € 11,964.46 € 38,063.41 € -26,098.95

Terminal care € 4,161.61 € 5,952.68 € -1,791.07

Total costs € 357,425.07 € 99,046.67 € 258,378.40

Effectiveness

LYGs 10.97 0.87 10.10

EFS 10.05 0.62 9.43

PD/RL 0.92 0.25 0.67

QALYs 9.43 0.46 8.97

EFS 8.86 0.56 8.30

PD/RL 0.69 0.19 0.50

ICER (€ per LYG): € 25,576.80

ICUR (€ per QALY

gained):

€ 28,818.52

Notes: aThe cost of pre-treatment includes the cost of bridging chemotherapy,

lymphodepleting chemotherapy and the costs of hospitalization for bridging che-

motherapy and lymphodepleting chemotherapy. bThe costs of HSCT include: cost of

allogeneic HSCT (Cost 803-ALOGENIC BONE MARROW TRANSPLANTATION);

cost of resource use resulting from obtaining hematopoietic stem cells (weighted

according to the sources of hematopoietic stem cells, based on data from the

Annual Report on HSCT of the National Transplant Organization); and cost of

follow-up for 2 years. Details of the estimate pending publication. The figures in

bold represent subtotals and totals.

Abbreviations: EFS, event-free survival; FLA-IDA, combination of fludarabine,

cytarabine and idarubicin; HSCT, haematopoietic stem cell transplantation; ICER,

incremental cost-effectiveness ratio; ICUR, incremental cost-utility ratio; LYG,

life year gained; PD/RL, progressive/relapsed disease; QALY, quality-adjusted life

year.
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The present study has some limitations due to the limitations

in the clinical trials on which it is based. The most important is

the difficulty in establishing comparisons with other treatments

and in estimating the long-term effectiveness results. Secondly,

the follow-up of the studies of tisagenlecleucel is limited, which

requires extrapolations of long-term efficacy. Clinical studies to

determine the effectiveness of tisagenlecleucel in real life are

needed. However, in the sensitivity analysis, the effect of varia-

tions in long-termmodelling assumptionswas evaluated in order

to consider the patient’s lifetime, and in no case did the results

exceed € 50,000/QALY, confirming the robustness of the results.

Another parameter influenced by the limitations in the

follow-up of studies of tisagenlecleucel is the duration of

IVIG treatment. Therefore, in the sensitivity analysis, a

scenario was considered in which patients would receive

IVIG while free of progression (compared with 11.4 months

in the base case), resulting in an ICUR of € 38,247.21/

QALY. Therefore, even supposing that patients received

IVIG during the entire remission period, tisagenlecleucel

would be a cost-effective treatment option, taking into

account the thresholds used in cost-effectiveness studies

of orphan drugs, which can exceed € 100,000/QALY.49,50

The introduction of CAR-T therapies in the NHS poses

important medical, logistical and economic challenges, but

also offers opportunities to improve efficiency. Given the

scarcity of data on the long-term effectiveness of

treatments, the adoption of risk-sharing agreements or

innovative pay-by-results schemes is a very useful option

for managing uncertainty. The adoption of this type of

agreements will reduce the costs associated with treatment

with tisagenlecleucel and improve the efficiency of the

management of children and young adults with r/r ALL.

Conclusion
The results of this study show a greater benefit for tisagenle-

cleucel vs salvage chemotherapy in the treatment of r/r ALL

in Spain. From the NHS perspective, tisagenlecleucel would

represent a cost-effective intervention for the treatment of

children and young adult patients with r/r ALL.
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