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ABSTRACT 
Background: The evidence base of tisagenlecleucel is uncertain.
Objective: To evaluate the cost-effectiveness of tisagenlecleucel. To conduct expected value of 
perfect information (EVPI) and partial EVPI (EVPPI) analyses.
Study Design: A three-state partitioned survival model. A short-term decision tree partitioned 
patients in the tisagenlecleucel arm according to infusion status. Survival was extrapolated to 5  
years; general population mortality with a standardised mortality ratio was then applied. EVPI and 
EVPPI were scaled up to population according to the incidence of the decision.
Setting: Irish healthcare payer.
Participants: Patients with relapsed/refractory diffuse large B-cell lymphoma (R/R DLBCL).
Interventions: Tisagenlecleucel versus Salvage Chemotherapy (with or without haematopoietic 
stem cell transplant).
Main Outcome Measure: Incremental cost-effectiveness ratio (ICER). Population EVPI and EVPPI.
Results: At list prices, the ICER was €119,509 per quality-adjusted life year (QALY) (incremental 
costs €218,092; incremental QALYs 1.82). Probability of cost-effectiveness, at a €45,000 per QALY 
threshold, was 0%. Population EVPI was €0.00. Population EVPI, at the price of tisagenlecleucel 
that reduced the ICER to €45,000 per QALY, was €3,989,438. Here, survival analysis had the 
highest population EVPPI (€1,128,053).
Conclusion: Tisagenlecleucel is not cost-effective, versus salvage chemotherapy (with or without 
haematopoietic stem cell transplant), for R/R DLBCL in Ireland. At list prices, further research to 
decrease decision uncertainty may not be of value.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) accounts for 25% to 
30% of all non-Hodgkin’s lymphoma diagnoses [1]. It dis-
plays an aggressive course [2]. In Ireland, the 5-year survival 
of patients with newly diagnosed DLBCL is 62% [3]. Patients 
with refractory disease, or those who experience multiple 
relapses, have poor prognosis [4]. Median overall survival 
(OS) has ranged from 4.4 to 10 months [5–7].

Tisagenlecleucel (a CAR T-cell therapy) received 
European Medicines Agency (EMA) conditional marketing 
authorisation (2018) for the treatment of adult patients with 
relapsed or refractory DLBCL, after two or more lines of 
systemic therapy (R/R DLBCL) [8]. CAR T-cell therapy has 
an innovative mechanism of action, whereby T-cells from 
a patient are genetically engineered to express chimeric 
antigen receptors (CARs). These CARs allow the genetically 
modified T-cells (CAR T-cells) to recognise and eliminate 

CD19 antigen-expressing cells [9]. Tisagenlecleucel has 
been proposed by some to be potentially curative [10]. 
However, much uncertainty exists in the evidence base. 
Marketing authorisation was granted based on a single- 
arm trial, with short duration of follow-up; JULIET [11]. The 
long-term survival benefit of tisagenlecleucel may not be 
realised in clinical practice. Payers are at financial risk due to 
the high upfront cost.

Aim

The aim of this study was to evaluate the cost-effectiveness 
of tisagenlecleucel, versus salvage chemotherapy with or 
without haematopoietic stem cell transplant (HSCT) (hen-
ceforth ‘salvage chemotherapy’), for R/R DLBCL in the Irish 
healthcare setting. The value of conducting further research 
to investigate uncertainties in the model was assessed by 
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expected value of perfect information (EVPI) and partial 
EVPI (EVPPI) analyses.

Model

Model structure

Short-term decision tree
The model comprised a short-term decision tree (tisa-
genlecleucel only) and a long-term partitioned survival 
model (both arms) [12]. The decision tree captured 
costs and outcomes associated with the tisagenlecleu-
cel pre-treatment phase. All patients in the tisagenle-
cleucel arm entered the decision tree, underwent 
leukapheresis, and subsequently progressed to one of 
three pathways (Supplementary Figure S1):

● N1: proceeded to tisagenlecleucel infusion (69% of 
patients [13]).

● N2: did not proceed to infusion due to manufac-
turing failure, adverse event (AE), or physician/ 
patient decision (19% of patients [13]). Instead, 
these patients were assumed to receive salvage 
chemotherapy.

● N3: did not proceed to infusion due to death (12% 
of patients [13]). These did not receive any further 
active treatment.

Partitioned survival model
The partitioned survival model simulated the progres-
sion of patients through three, mutually exclusive 
health states: progression-free survival, progressed dis-
ease, and death (Supplementary Figure S2). Most 
patients with DLBCL are expected to relapse within 
24–60 months post-treatment [14–16]. It was, therefore, 
assumed that patients who were alive after 60 months 
in either arm were long-term survivors. These were 
subject to age- and sex-matched general population 
mortality with a standardised mortality ratio (1.36) 
applied [16].

Cycle length was 1 month (30.4 days); a half-cycle 
correction was applied. A lifetime horizon of 44 years 
was employed. A discount rate of 4% was applied to 
costs and outcomes [17].

Population

The population was aligned with the EMA licensed 
population of tisagenlecleucel [8]. Starting age was 56  
years, 61% were male, body weight was 78.7 kg and 
body surface area was 1.92 m2 [11,18–20].

Intervention

The intervention was tisagenlecleucel, administered at 
the EMA licensed dose and modelled as a single-dose 
intervention [8].

Comparator

There is no universal routine care for patients with R/R 
DLBCL in Ireland. R-GDP (rituximab, gemcitabine, dex-
amethasone, cisplatin; with or without HSCT) was 
assumed to represent salvage chemotherapy [21,22]. 
Dosing was in line with published chemotherapy regi-
mens [23]. Based on clinical opinion in Ireland, patients 
were assumed to receive three cycles. Also, based on 
clinical opinion, 15% of patients are expected to pro-
ceed to HSCT (usually allogeneic stem cell transplant) 
following treatment with R-GDP.

Perspective

The perspective was that of the healthcare payer, the 
Health Service Executive (HSE) in Ireland [17]. Direct 
medical costs were included.

Model inputs

Efficacy data

Treatment effectiveness was based on the effect on 
OS and progression-free survival (PFS). Efficacy data, 
identified by systematic literature review, were 
derived from JULIET (tisagenlecleucel) [13,18], and 
CORAL Extension 1 (proxy data for R-GDP) [5]. JULIET 
(n = 115) is a phase II, single-arm trial, which evaluated 
the efficacy of tisagenlecleucel in the population of 
interest here [13]. CORAL Extension 1 is an observa-
tional study, reporting outcomes of a cohort (n = 203) 
receiving third-line therapy for R/R DLBCL [5]. Patients 
in CORAL Extension 1 received a range of salvage 
chemotherapy regimens. Due to the small number of 
patients receiving each salvage chemotherapy regi-
men, a comparison of tisagenlecleucel versus pooled 
data, derived from all salvage chemotherapy regi-
mens, was deemed most appropriate. Further details 
of the trials are provided in Supplementary Table S1.

Individual patient-level data (IPD) from published 
Kaplan–Meier curves of OS and PFS were reconstructed, 
using Digitzelt software and the algorithm by Guyot 
et al. [24,25]. Due to the single-arm nature of the trials, 
and lack of publicly available raw IPD, a naïve compar-
ison was conducted.
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Extrapolation of survival data was conducted, in line 
with NICE Decision Support Unit Guidance (technical 
support document 14 [26]). Standard parametric 
(Gompertz, exponential, Weibull, log-logistic, log- 
normal, generalised gamma) extrapolation models 
were explored [26]. Due to the innovative mechanism 
of tisagenlecleucel and the potential for complex 
hazard functions [27], flexible cubic spline models 
(one-, two-, and three-knot spline models across all 
scales), and mixture cure models were also explored. 
Survival models were fitted individually to the treat-
ment arms. The best fitting model was selected based 
on AIC and BIC statistics (Supplementary Tables S3–S6), 
visual fit (Supplementary Figures S3-S5), and clinical 
plausibility [26].

Overall survival
The two-knot (hazard) spline model was chosen to 
extrapolate JULIET OS data. This most closely aligned 
with observed data [28] and provided good statistical 
and visual fit.

For CORAL Extension 1, separate Kaplan-Meier OS 
curves were presented for patients who did and did 
not receive HSCT. Separate extrapolation models were 
fitted to these curves. To model OS of the overall 
population (those with and without HSCT), 
a weighted OS curve combining extrapolations from 
the separate Kaplan–Meier curves was generated. The 
weight applied corresponded to the expected rate of 
HSCT in Irish clinical practice (15%). The Gompertz 
model was chosen to extrapolate the CORAL 
Extension 1 (with and without HSCT) data.

Progression-free survival
The one-knot (hazard) spline model was chosen to 
extrapolate JULIET PFS data.

PFS was not reported for CORAL Extension 1. Thus, PFS 
was estimated from OS by assuming the cumulative 
hazard function for PFS was proportional to the cumula-
tive hazard function for OS [20,29]. The hazard ratio 
between PFS and OS (0.65) was based on the mean 
cumulative hazard ratio from the CORAL, phase III, rando-
mised trial [30,31], and was identified through the litera-
ture [20,29]. The overall cumulative hazard was applied to 
the CORAL Extension 1 OS data to generate PFS. The PFS 
predicted for salvage chemotherapy was therefore, con-
tingent upon the model applied to the OS data.

After month 60, cumulative survival probabilities for 
PFS were assumed to flatten up to the point at which PFS 
met OS. Death due to progression only occurred within 
the first 60 months of the model in both arms, as patients 
alive after 60 months were assumed to be long-term 
survivors. PFS could not exceed OS at any point.

Utility inputs

Utility data were derived through systematic literature 
review (Supplementary Table S7). Health-state utility 
data were collected during JULIET, using the SF-36 
and mapped to the EQ-5D-3 L, with the UK valuation 
set applied [29,32]. Patients alive after 60 months were 
assumed to have utility equivalent to that of the pro-
gression-free survival state. Disutility associated with 
pre-treatment procedures, intensive care unit (ICU) 
admission, febrile neutropenia, pancytopenia, and 
HSCT were accounted for (Table 1). An age adjustment 
was applied, using the multiplicative approach [40].

Cost inputs

Irish cost data were used, where available. Where 
necessary, costs were inflated to 2020 using the 
Consumer Price Index for health [41], and converted 
to Euro using purchasing power parities [42].

Training
As per EMA marketing authorisation, healthcare profes-
sionals who prescribe, dispense, or administer tisagen-
lecleucel, require training [11]. An associated per 
patient cost was included in the tisagenlecleucel arm 
(Supplementary Tables S8–S9).

Tisagenlecleucel-specific pre-treatment
In the tisagenlecleucel arm, all patients incurred the 
cost of leukapheresis and cryopreservation. Bridging 
chemotherapy (one cycle) and lymphodepleting che-
motherapy (one cycle) were received by 90% and 93% 
of patients (who received infusion), respectively. This 
was informed by JULIET [13,18].

Drug acquisition
Total drug acquisition costs for tisagenlecleucel and 
salvage chemotherapy (R-GDP) are presented in 
Table 1.

Administration and hospitalisation
The cost of outpatient administration of bridging che-
motherapy was accounted for. The duration of hospita-
lisation (including lymphodepleting chemotherapy) for 
patients receiving tisagenlecleucel is expected to be 
approximately 3 weeks, as per clinical opinion in 
Ireland. Different costs were sourced from the Irish 
DRG List and applied based on the intensity of resource 
use. The cost of hospitalisation represented a mean 
length of stay of 22.3 days [36]. Patients are required 
to remain within 2 h of travel of the hospital for at least 
4 weeks following infusion [11]. It was arbitrarily 
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Table 1. Key input parameters of cost-utility model of tisagenlecleucel versus salvage chemotherapy.

Parameter Value Source
Probabilistic Sensitivity Analysis 

Distribution

Tisagenlecleucel Arm
Decision Tree Probability Inputs

N1: Tisagenlecleucel Infusion 0.69 [13] Dirichlet
N2: Salvage Chemotherapy 0.19
N3: Death State 0.12

Efficacy Inputs
OS Extrapolation Two-Knot (Hazard) 

Spline
Multivariate Normala

PFS Extrapolation One-Knot (Hazard) 
Spline

Disutility Values
Apheresis/Bridging/Lymphodepleting Chemotherapy −0.15 [33] Normal
Intensive Care Unit Admission −0.83 Assumption [20,34]
Pancytopenia −0.15 [35]

Pre-Treatment Costs (€, 2020)
Leukapheresis 1,249.00 [36] Gamma
Bridging Chemotherapy 1,540.96 Online Supplementary 

Material 1.6
Not Varied

Lymphodepleting Chemotherapyb: Fludarabine and 
Cyclophosphamide

298.40

Bendamustine 700.50
Drug Acquisition Costs (€, 2020)

Tisagenlecleucel 301,762 [21] Not Varied
Administration and Hospitalisation Costs (€, 2020)

Bridging Chemotherapy Administration 692 Tertiary Teaching Hospital Gamma
Hospitalisation 24,233 [36]
Lymphodepleting Chemotherapy Administrationc 5,100
Patient Apartment (per night) 63.90 [37]
Training 568.15 Online Supplementary 

Material 1.6
Per Cycle Monitoring Costs (€, 2020)

Months 1-12 96.31 Online Supplementary 
Material 1.6

Gamma
Months 13-36 37.68
Months 37-60 20.10
Month 61+ 18.28

Adverse Event Costs (€, 2020)
Total Adverse Eventsd (€) 7,546.49 Online Supplementary 

Material 1.6
Gamma

Intravenous Immunoglobulin 
(per dose) (€)

2,535 Tertiary Teaching Hospital Not varied

Proportion Intravenous Immunoglobulin (%) 33 [29] Beta
Salvage Chemotherapy Arm
Efficacy Inputs

OS Extrapolation Gompertz Multivariate Normala

PFS:OS Cumulative Hazard Ratio 0.65 [20,29] Log-normal
Disutility Values

HSCT −0.30 [33] Normal
Drug Acquisition Costs (€, 2020)

R-GDP Total Treatment Cost 4,622.89 Internal Cost Database Not Varied
Administration Costs (€, 2020)

Outpatient Administration (per cycle) 692 Tertiary Teaching Hospital Gamma
Per Cycle Initiation and Monitoring Costs (€, 2020)

Initiation 186.04 Online Supplementary 
Material 1.6

Gamma
Monitoring 272.81
Months 1-12 71.75
Months 13-36 25.28
Months 27-60 13.90
Month 61+ 12.08

Adverse Event Costs (€, 2020)
Total Adverse Events (€) 1,654.81 Online Supplementary 

Material 1.6
Gamma

HSCT
HSCT Procedure (€) 116,323 [36] Gamma
Follow-Up First 100 Days Post-Dischargee (€) 64,618.28

[38]Follow-Up 101–200 Days Post-Dischargee (€) 36,524.17
Follow-Up 201–365 Days Post-Dischargee (€) 40,957.86
Proportion HSCT (%) 15 Clinical Opinion Beta

Both Tisagenlecleucel and Salvage Chemotherapy Arms
Efficacy Inputs

Standardised Mortality Ratio 1.36 [16] Log-normal
Utility Values

(Continued )
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assumed that 50% of patients required hospital- 
associated patient apartments for 6 days and that the 
remaining patients lived nearby.

An administration cost was applied to account for 
outpatient administration of salvage chemotherapy.

Initiation and monitoring
All tisagenlecleucel initiation and monitoring costs were 
assumed to be accounted for in the cost of hospitalisa-
tion. Outpatient initiation and monitoring costs were 
included in the salvage chemotherapy arm.

Health-state specific follow-up costs were applied to 
patients in the progression-free survival and progressed 
disease states [43,44]. Patients who were alive at 61  
months incurred the cost of progression-free survival 
Month 61 onwards, regardless of health state.

Adverse events
Tisagenlecleucel-specific AEs included cytokine release syn-
drome (CRS), B-cell aplasia, febrile neutropenia, pancytope-
nia, and non-CRS ICU admission. These were informed by 
JULIET [11,13,18]. Other AEs, in the tisagenlecleucel arm, 
were assumed to be captured by the cost of hospitalisation. 
For salvage chemotherapy, grade ≥3 AEs occurring in 5% or 
greater of the population were included [45]. Online 
Supplementary Material 1.6.4 provides further detail.

Haematopoietic stem cell transplant
HSCT procedure [36] and follow-up costs [38] were 
included for the 15% of patients in the salvage che-
motherapy arm who received HSCT.

Terminal care
A once-off per-patient cost associated with terminal 
care was applied to patients upon entering the death 
state [39].

Key input parameters

Key input parameters are presented in Table 1.

Model outputs

Deterministic ICER

The base case analysis considered the incremental cost- 
effectiveness ratio (ICER), calculated from deterministic 
costs and deterministic quality-adjusted life years (QALYs), 
using standard decision rules [17]. In Ireland, most drugs 
that have been reimbursed to date have been considered 
under a cost-effectiveness threshold of €45,000 per QALY 
[46,47]. This threshold was considered here.

Probabilistic ICER and scatterplot

Probabilistic sensitivity analysis (PSA) was conducted; 
parameters were varied according to appropriate dis-
tributions (Table 1). Results were generated using 
Monte Carlo Simulation (5,000 iterations).

A scatterplot of incremental costs and QALYs, gen-
erated from each PSA iteration, was constructed to 
illustrate the degree of uncertainty surrounding the 
estimates. The mean probabilistic ICER was estimated.

Cost-effectiveness acceptability curve

For each PSA iteration, the expected net monetary 
benefit (NMB) for tisagenlecleucel and salvage che-
motherapy was estimated. From the NMB values, the 
probabilities of each treatment being cost-effective 
over a range of thresholds (€0.00 per QALY to 
€350,000 per QALY) were plotted, producing a cost- 
effectiveness acceptability curve.

Table 1. (Continued). 

Parameter Value Source
Probabilistic Sensitivity Analysis 

Distribution

Progression-Free Survival 0.83 [29,32] Beta
Progressed Disease 0.71
All Patients Alive After 60 Months 0.83 Assumption [34]

Disutility Values
Febrile Neutropenia −0.15 [35] Normal

Follow-Up Costs (€, 2020)
Progressed Disease 

(per cycle)
71.75 Online Supplementary 

Material 1.6
Gamma

Terminal Care (once-off) 7,732.48 [39]

Note: HSCT: Haematopoietic stem cell transplant; NCPE: National Centre for Pharmacoeconomics; OS: Overall survival; PFS: Progression-free survival; R-GDP: 
Rituximab, gemcitabine, dexamethasone, cisplatin. 

aUncertainty was captured using Cholesky decomposition to correlate the survival parameters, drawing from the variance-covariance matrix. 
b73% receive fludarabine and cyclophosphamide, and 20% receive bendamustine [13,18]. 
cApplied to patients in the tisagenlecleucel arm who received lymphodepleting chemotherapy but did not proceed to infusion. 
dExcluding cost of intravenous immunoglobulin for treating B-cell aplasia. 
eConverted to a per cycle cost and applied to the proportion of patients experiencing the event. 
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One-way sensitivity analysis

One-way sensitivity analysis (OWSA) of all parameters 
was performed to determine the impact on the deter-
ministic ICER of changes to individual parameters. 
Upper and lower bounds of the 95% confidence inter-
val for point estimates were used, where available. 
Otherwise, point estimates were varied ±25%. 
A tornado plot was constructed, illustrating the impact 
of the 10 most influential parameters.

Scenario analysis

Several scenario analyses were conducted to assess the 
impact on the deterministic ICER of employing alterna-
tive, plausible assumptions.

Price analysis

An analysis was conducted (using the ‘Goal Seek’ func-
tion in Microsoft Excel®) to determine the decrease in 
the list price of tisagenlecleucel that would be required 
for the ICER to meet the €45,000 per QALY threshold.

Expected value of perfect information and partial 
expected value of perfect information

EVPI represents the estimated value of eliminating 
uncertainty in the model. EVPPI identifies the para-
meters whose uncertainty drives decision uncertainty, 
allowing further research to be prioritised [48]. EVPI was 
calculated using 5,000 iterations of the PSA and over 
a range of thresholds. EVPPI was estimated using the 
Gaussian process regression approach [49,50]. EVPPI 
was calculated for the parameter categories: utility 
values, survival analysis, hospitalisation and monitoring 
costs, AE costs, and HSCT. Estimates were scaled up to 
population according to the incidence of the decision 
(mean of 36 patients per year) [17]. A technology time 
horizon of 10 years was assumed [27]. A discount rate of 
4% was applied. Population EVPI estimates were 
plotted over a range of thresholds, to construct 
a population EVPI curve.

Results

Deterministic results

Deterministic model outcomes are presented in Table 2. 
At list prices, tisagenlecleucel was not cost-effective, 
versus salvage chemotherapy, at the €45,000 per 
QALY threshold.

Probabilistic results

Expected incremental costs and incremental QALYs are 
presented in a scatterplot in Figure 1. Mean expected 
costs and QALYs are presented in Table 2.

The cost-effectiveness acceptability curve is pre-
sented in Supplementary Figure S6. At the 
€45,000 per QALY threshold, there was a 0% probability 
that tisagenlecleucel was cost-effective.

One-way sensitivity analysis

Outcomes of the OWSA are presented in 
Supplementary Figure S7. The main drivers in the 
model were the discount rate on outcomes, tisagenle-
cleucel infusion cost, and the progression-free survival 
state utility value.

Scenario analysis

Results of scenario analysis are presented in Table 2 and 
Supplementary Table S24.

Price analysis

A 65% decrease (including 5.5% rebate) on the tisagen-
lecleucel list price was required to reduce the determi-
nistic ICER to the €45,000 per QALY threshold. The 
probability of cost-effectiveness here was 54%.

Expected value of perfect information

At the €45,000 per QALY threshold, the 10-year popula-
tion EVPI was €0.00. Population EVPI, over a range of 
thresholds, is depicted in Figure 2.

The population EVPI analysis was re-run at the price 
that reduced the ICER of tisagenlecleucel to €45,000 per 
QALY (€104,702). At this price and threshold, the 10- 
year population EVPI was €3,989,438 (Figure 3).

Partial expected value of perfect information
At list price, EVPPI was not estimated (EVPI was €0.00).

The population EVPPI analysis was run at the price 
that reduced the ICER of tisagenlecleucel to €45,000 per 
QALY. At this threshold, survival analysis parameters 
had the highest population EVPPI (€1,128,053). Utility 
values had the second highest population EVPPI 
(€905,809), followed by hospitalisation and monitoring 
costs (€718,740), HSCT (€668,497), and AE costs 
(€62,932). Online Supplementary Material 1.10 depicts 
the value of uncertainty associated with each category.
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Table 2. Deterministic, probabilistic, and scenario analysis results of the incremental analysis of cost-effectiveness of tisagenlecleu-
cel versus salvage chemotherapy.

Technology Total Costs (€) Total QALYs Incremental Costs (€)
Incremental 

QALYs
ICER 

(€/QALY)

Deterministic Results
Salvage 

Chemotherapya
55,900 1.50

Tisagenlecleucel 273,992 3.33 218,092 1.82 119,509
Mean Probabilistic Results

Salvage 
Chemotherapya

55,716 1.65

Tisagenlecleucel 268,216 3.48 212,499 1.83 116,005

Parameter/ 
Assumption

Base Case Scenario Justification Scenario ICER (€/QALY)

Scenario Analysisb

Discount Rate 4% on costs and outcomes 1.5% on costs and outcomes NICE may consider a 1.5% 
discount rate where benefits 
are likely to be sustained 
over a long period [51]

89,243

4% on costs and 1.5% on 
outcomes

Gravelle and Smith propose the 
rate on outcomes should be 
1% to 3.5% lower than that 
on costs [52]

89,118

Extrapolation of 
JULIET OS Data 
(tisagenlecleucel)

Two-knot (hazard) spline model Gompertz model Gompertz model was ‘best 
fitting’ parametric model

103,744

Time-Point at which 
Patients are 
Considered Long- 
Term Survivors

After 60 months After 24 months Most patients expected to 
relapse within 24 to 60 
months post-treatment [14– 
16]

103,364

No long-term survival point Limited evidence that 
a proportion of patients will 
be long-term survivors

143,854

Health-State Utility 
Values

Progression-free survival: 0.83 
Progressed disease: 0.71

Progression-free survival: 0.72 
Progressed disease: 0.65

ZUMA-1 utility data available 
[53]; however, not 
considered as robust as 
JULIET data

137,540

HRQOL of Long-Term 
Survivors

All patients alive after 60 months 
assumed HRQOL equivalent to 
progression-free survival state 

(0.83)

All patients alive after 60 months 
assumed HRQOL equivalent to 

the age- and sex-matched 
general population [40]

Uncertainty exists regarding 
the HRQOL of long-term 
survivors [54]

111,289

Note: HRQOL: Health-related quality of life; ICER: Incremental cost-effectiveness ratio; NICE: National Institute for Health and Care Excellence; OS: Overall 
survival; QALY: Quality-adjusted life year; R-GDP: Rituximab, gemcitabine, dexamethasone, cisplatin. 

aR-GDP with (15%) or without (85%) haematopoietic stem cell transplant. 
bScenario analyses were conducted on deterministic outcomes. Thus, they should be considered indicative only. 

Figure 1. Scatterplot of incremental costs and incremental QALYs from probabilistic sensitivity analysis of tisagenlecleucel versus 
salvage chemotherapya.
Note: HSCT: Haematopoietic stem cell transplant; QALY: Quality-adjustedlife year; R-GDP: Rituximab, gemcitabine, dexamethasone, cisplatin. 
aR-GDP acting as proxy for all salvage chemotherapy regimens (±HSCT: with or without HSCT). 
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Discussion

Deterministic and probabilistic results

At list prices, tisagenlecleucel is not cost-effective, ver-
sus salvage chemotherapy, at the €45,000 per QALY 
threshold. The cost-effectiveness acceptability curve 
indicated that the probability of cost-effectiveness of 
tisagenlecleucel will exceed that of salvage chemother-
apy at thresholds above €117,000 per QALY. As some 
PSA iterations lie in the north-west quadrant (more 
costly, less effective), the probability of cost- 
effectiveness of tisagenlecleucel will not reach 100% 
at any threshold.

Uncertainty in the evidence base of tisagenlecleucel 
translates to uncertainty in cost-effectiveness. Caution 
should be exercised in interpretation of results pre-
sented here, as uncertainty associated with the naïve 
comparison is not adequately captured by OWSA, PSA 
and EVPI analyses.

One-way sensitivity and scenario analyses

The sensitivity of the model to the discount rate on 
outcomes reflects the extent to which outcomes are 
accrued over the long term in the model. The model 
was less sensitive to changes in the discount rate on 

Figure 2. Ten-year population EVPI, over various willingness-to-pay thresholds, of tisagenlecleucel versus salvage chemotherapya.
Note: EVPI: Expected value of perfect information; HSCT: Haematopoietic stem cell transplant; ICER: Incremental cost-effectiveness ratio; QALY: 
Quality-adjustedlife year; R-GDP: Rituximab, gemcitabine, dexamethasone, cisplatin. 

Figure 3. Ten-year population EVPI, over various willingness-to-pay thresholds, of tisagenlecleucel (price that reduced the ICER to 
€45,000 per QALY) versus salvage chemotherapya.
Note: EVPI: Expected value of perfect information; HSCT: Haematopoietic stem cell transplant; ICER: Incremental cost-effectiveness ratio; QALY: 
Quality-adjusted life year; R-GDP: Rituximab, gemcitabine, dexamethasone, cisplatin. 
aR-GDP acting as proxy for all salvage chemotherapy regimens (±HSCT: with or without HSCT).  
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costs. This illustrates the magnitude of the high upfront 
costs relative to the long-term QALY gain of 
tisagenlecleucel.

Scenario analysis highlighted the impact of changing 
the time-point (post-treatment) at which patients are 
considered long-term survivors. Changing this time- 
point had greater impact on QALY gain for tisagenle-
cleucel. The impact on incremental costs was negligible. 
These scenarios illustrate the reliance of the cost- 
effectiveness of tisagenlecleucel on the uncertain 
assumption of a time-point of long-term survival. 
Uncertainty in long-term survival is further highlighted 
by the sensitivity of the model to alternative extrapola-
tion models.

OWSA indicated that the progression-free survival 
state utility value was a driver of cost-effectiveness. 
This may partly be due to the fact that all patients 
alive after 60 months were assumed to have health- 
related quality of life (HRQOL) of the progression-free 
survival state. The majority of QALY gains in the tisa-
genlecleucel arm were driven by QALYs accrued in the 
extrapolation of survival. HRQOL of patients considered 
to be long-term survivors is a key area of uncertainty 
[54]. The model was also sensitive to employing utility 
values, derived from the ZUMA-1 trial (axicabtagene 
ciloleucel, a CAR T-cell therapy, for R/R DLBCL), for the 
progression-free survival and progressed disease states. 
Utility values derived from JULIET (base case) and 
ZUMA-1 (scenario analysis) are subject to limitations in 
that they were derived from small patient populations 
and are based on low numbers of observations 
[29,32,55]. This reflects the challenges of collecting 
HRQOL data in patients with a rare disease at an 
advanced stage, and limits the generalisability of 
these data to patients in clinical practice.

Considering the uncertainty in cost-effectiveness 
here, performance-based risk-sharing agreements may 
be an appropriate approach to managing the asso-
ciated financial risk. This shares the distribution of finan-
cial risk between the payer and Pharma-Applicant.

Expected value of perfect information

Population EVPI indicated that further research to 
decrease decision uncertainty at the €45,000 per QALY 
threshold may not be of value. At the population EVPI 
peak (threshold of approximately €125,000 per QALY), 
the probability of cost-effectiveness of tisagenlecleucel 
was 56%. As the threshold increased beyond this, prob-
ability of cost-effectiveness increased and population 
EVPI decreased (given the corresponding consequences 
of resolving decision uncertainty decreased) [27]. 
Population EVPPI analysis was not conducted, as EVPI 

was €0.00. Notably, EVPI analysis examines uncertainty 
in parameters. Structural uncertainty, associated with 
the naïve comparison, was not captured.

Re-running the EVPI analysis at the price that gener-
ated an ICER of €45,000 per QALY, increased population 
EVPI considerably. Here, the cost of further research 
should not exceed €3,989,438. Population EVPPI indi-
cated that if additional research to reduce uncertainty is 
conducted, research investigating survival analysis 
should be prioritised. The results of EVPPI analysis can 
be used to inform performance-based risk-sharing 
agreements.

Comparison with the literature

The National Centre for Pharmacoeconomics, Ireland 
(www.ncpe.ie) evaluated a Pharma-Applicant HTA of 
tisagenlecleucel for this indication (perspective of the 
HSE). Similar to our findings, tisagenlecleucel was not 
deemed cost-effective (versus salvage chemother-
apy) [21].

Only one identified study constructed a decision tree 
to model the costs and outcomes of patients who did 
not proceed to infusion with tisagenlecleucel in JULIET 
[10]. Published studies, which do not account for these 
patients may be biased [56,57]. No studies identified in 
the literature conducted EVPI or EVPPI analyses.

Some studies employed the SCHOLAR-1 data to 
inform efficacy of the comparator arm [10,56]. These 
data were not used in the research here, mainly due to 
the poor prognosis of patients included in SCHOLAR-1. 
Publications, elsewhere in the literature, urge caution in 
the use of SCHOLAR-1 as a benchmark for prospective 
trials in DLBCL [58,59]. The approach used to model 
survival in the comparator arm of this model is in line 
with that employed elsewhere [34,60].

Limitations

Due to the lack of direct evidence or sufficient informa-
tion to account for confounders, this analysis is under-
pinned by a high degree of uncertainty. The lack of 
direct evidence on PFS for salvage chemotherapy 
(CORAL Extension 1) was a notable limitation, adding 
further uncertainty to results. Trial designs that leverage 
external data have been proposed to have utility in 
instances where a randomised controlled trial may be 
deemed infeasible. Here, an external data source (real- 
world data, for example) can be used to create 
a comparator arm. Treatment effect can then be 
inferred by using adjustment methods, to account for 
differences in patient profiles between the external 
control group and the experimental arm. However, 
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such approaches require patient-level data, which may 
not always be available [61].

In the absence of detailed data on the outcomes of 
patients who did not proceed to infusion in JULIET, 
several assumptions were required. It is unclear if 
these truly reflect clinical practice.

The time horizon, employed in the EVPI analysis, was an 
arbitrary choice. In the absence of evidence, this assump-
tion was a necessary one. Even if data are available to 
inform the time horizon, by means of evidence or 
a formal prior distribution, it will still remain a proxy [62].

Conclusion

At list prices, tisagenlecleucel was not cost-effective, ver-
sus salvage chemotherapy, at the €45,000 per QALY 
threshold. Clinical evidence supporting the model was 
highly uncertain. EVPI analysis indicated that additional 
research to reduce decision uncertainty may not be of 
value. However, such analyses do not capture uncer-
tainty associated with the naïve comparison. Caution is 
therefore warranted in the interpretation of results. 
Performance-based risk-sharing agreements may be 
valuable in mitigating against the financial risk asso-
ciated with tisagenlecleucel.
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