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Simple Summary: CAR T therapies axicabtagene ciloleucel (axi-cel) and tisagenlecleucel (tisa-cel)
have been approved in Spain for patients with relapsed/refractory (R/R) diffuse large B-cell lym-
phoma (DLBCL), given their favourable outcomes for overall survival and progression-free survival.
However, the cost of these treatments must be weighed within the context of the Spanish health
system. In this study, we assessed the cost-effectiveness and cost-utility of axi-cel vs. tisa-cel from the
Spanish National Health System perspective. Using commonly applied willingness-to-pay thresholds
in Spain, our analysis shows that axi-cel is highly cost-effective when compared to tisa-cel in R/R
DLBCL. These results could be used to support decision-making criteria for axi-cel financing.

Abstract: The study aimed to assess the cost-effectiveness of axicabtagene ciloleucel (axi-cel) vs.
tisagenlecleucel (tisa-cel) for the treatment of relapsed /refractory (R/R) diffuse large B-cell lymphoma
(DLBCL) after >2 lines of systemic therapy in Spain. A lifetime partitioned survival mixture cure
model, which comprises pre-progression, post-progression, and death health states, was used to
estimate the accumulated costs and outcomes in terms of life years gained (LYG) and quality-adjusted
life years (QALY). A matching-adjusted indirect comparison was used to reweight patient-level data
from ZUMA-1, the pivotal clinical trial for axi-cel, to aggregate-level data from the pivotal tisa-cel trial,
JULIET. The analysis was performed from the National Health System perspective, thus only direct
costs were included. Sensitivity analyses (SA) were performed. Axi-cel yielded 2.74 incremental LYG
and 2.31 additional QALY gained per patient compared to tisa-cel. Total incremental lifetime costs for
axi-cel versus tisa-cel were €30,135/patient. The incremental cost-effectiveness ratio of axi-cel versus
tisa-cel resulted in €10,999/LYG and the incremental cost-utility ratio in €13,049/QALY gained. SA
proved robustness of the results. Considering the frequently assumed willingness-to-pay thresholds
in Spain (€22,000/ QALY and €60,000/QALY), axi-cel is a cost-effective treatment vs. tisa-cel for adult
patients with R/R DLBCL in Spain.

Keywords: axicabtagene ciloleucel; tisagenlecleucel; diffuse large B-cell lymphoma; cost-effectiveness
analysis; cost-utility analysis

1. Introduction

Non-Hodgkin lymphoma (NHL) comprises a heterogenous group of lymphoprolif-
erative malignancies originating primarily in B lymphocytes [1]. Aggressive subtypes
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of B-cell NHL include diffuse large B-cell lymphoma (DLBCL) and primary mediastinal
B-cell lymphoma [1]. DLBCL is the most common subtype of B-cell NHL, accounting for
approximately 30% of newly diagnosed cases of NHL, with an estimated incidence of
3.8/100,000 per year in Europe [2,3].

Despite the improvements in overall survival (OS) with the addition of rituximab,
approximately 30% of patients with DLBCL will develop relapsed/refractory (R/R) disease
after first line treatment, which remains a major cause of morbidity and mortality [2,4].
Patients with R/R DLBCL are frequently ineligible for stem cell transplant (SCT) and have
poor OS, with an expected median OS of approximately 6 months with a 2-year OS of
20% [5].

In recent years, the treatment landscape has experienced a milestone with the devel-
opment of chimeric antigen receptor (CAR) T-cell therapies, which have demonstrated
not only remarkable improvements in OS, but also the possibility of achieving above 50%
complete response (CR) rates for DLBCL patients [6]. Currently, there are two CAR T-cell
therapies authorised in Spain for adults with R/R DLBCL: axicabtagene ciloleucel (axi-cel;
Yescarta) and tisagenlecleucel (tisa-cel; Kymriah). In the ZUMA-1 trial, after 27 months
follow-up, axi-cel showed an objective response rate (ORR) of 83% and CR of 58%, durable
responses and a median OS greater than 2 years in patients with R/R large B-cell lymphoma
(LBCL) [7]. In the JULIET trial, tisa-cel presented a best overall response rate of 52%: 40%
showed CR and 12% partial response (PR), at a median follow-up of 14 months among
patients with R/R DLBCL [8]. More recently, Oluwole et al. performed a matching-adjusted
indirect comparison (MAIC) to compare outcomes across the patient populations of the
ZUMA-1 and JULIET trials [9].

CART therapies have demonstrated promising outcomes in terms of efficacy; however,
the cost has prompted health systems to identify ways to reduce budget impact. Conse-
quently, several European countries have adopted different risk-sharing reimbursement
strategies, in order to ensure their health systems’ sustainability and reduce the risk related
to the uncertainty resulting from the limited real-world evidence available [10].

In view of the above, the purpose of the present study was to assess the cost-effectiveness
and the cost-utility of axi-cel versus tisa-cel in the treatment of adult patients with R/R
DLBCL after two or more lines of systemic therapy from the Spanish National Health
System (NHS) perspective, using a MAIC to make the ZUMA-1 data for axi-cel more
comparable to the JULIET data for tisa-cel.

2. Results
2.1. Base Case

In the base case scenario, over a lifetime horizon, axi-cel yielded 9.45 life years
gained (LYG) and 7.47 quality-adjusted life years (QALY) per patient versus 6.71 LYG
and 5.16 QALY per patient with tisa-cel, equivalent to 2.74 incremental LYG and 2.31 incre-
mental QALY (Table 1). Table 1 shows the proportion of patients alive with each therapy
according to different timepoints, from 1 to 40 years.

Regarding the total expenditure over a lifetime horizon, axi-cel represented a total
cost of €430,747 per patient compared with €400,612 with tisa-cel, which corresponds to an
incremental cost of €30,135 (Table 1). Costs were somewhat higher for axi-cel compared
with tisa-cel, particularly the pre-progression disease management costs, due to a longer
progression-free survival (PFS) with axi-cel (incremental costs €24.561), as well as the
drug acquisition costs (incremental costs €6720) and SCT costs (incremental costs €1327).
Conversely, patients treated with axi-cel incurred lower costs in the post-progression state
(incremental costs —€2268) (Table 1).

This resulted in an incremental cost-effectiveness ratio (ICER) of €10,999/LYG and an
incremental cost-utility ratio (ICUR) of €13,049/QALY gained with axi-cel in comparison
to tisa-cel (Table 1), suggesting that axi-cel may be a cost-effective treatment versus tisa-cel
in the treatment of R/R DLBCL in Spain, at frequently used willingness to pay (WTP)
thresholds of €22,000/QALY [11] and €60,000/QALY [12].
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Table 1. Base case results.
Health Outcomes Axicabtagene Ciloleucel Tisagenlecleucel Incremental
Overall survival
% alive at 1 year 75.3% 47.3% 28.0%
% alive at 2 years 61.2% 38.3% 22.8%
% alive at 5 years 50.1% 34.4% 15.7%
% alive at 10 years 45.2% 32.5% 12.7%
% alive at 20 years 36.8% 27.0% 9.8%
% alive at 30 years 19.8% 14.6% 5.2%
% alive at 40 years 2.2% 1.6% 0.6%
Total LYG per patient 9.45 6.71 2.74
LYG in pre-progression state 8.87 5.97 2.90
LYG in post-progression state 0.58 0.75 —0.16
Total QALY per patient 7.47 5.16 2.31
QALYs in pre-progression state 7.25 4.87 2.37
QALYs in post-progression state 0.23 0.29 —0.06
Costs
Total costs per patient €430,746.52 €400,611.79 €30,134.73
Drug acquisition costs ¥ €313,920.00 €307,200.00 €6720.00
Leukapheresis costs €1030.68 €1030.68 €0.00
Conditioning chemotherapy costs €4270.89 €4234.24 €36.65
CAR T administration and monitoring costs ¥ €20,257.42 €20,257.42 €0.00
SCT costs €5574.17 €4247.66 €1326.51
Health state medical costs: pre-progression state €75,035.09 €50,473.64 €24,561.45
Health state medical costs: post-progression state €8065.4 €10,333.30 —€2267.76
End-of-life care costs €2299.85 €2548.29 —€248.44
AEs costs €292.88 €286.56 €6.32
ICER (axi-cel vs. tisa-cel) €10,998.64/LYG

ICUR (axi-cel vs. tisa-cel)

€13,048.58/QALY

 Drug cost per administration. Axi-cel and tisa-cel drug costs were based on ex-factory list price applying a
4% mandatory deduction of Royal Decree Law 8/2010. ¥ CAR T administration and monitoring costs include
ICU and non-ICU hospitalisation. AEs, adverse events; Axi-cel, axicabtagene ciloleucel; CAR T, chimeric antigen
receptor T-cell; ICER, incremental cost-effectiveness ratio; ICUR, incremental cost-utility ratio; LYG, life years
gained; QALY, quality-adjusted life years; SCT, stem cell transplant; tisa-cel: tisagenlecleucel.

2.2. Sensitivity Analysis

The results of the one-way sensitivity analysis (OWSA) demonstrated the model’s ro-
bustness. The most influential parameters were utility values in the PFS state >12 months af-
ter baseline and cost of disease management during this same state. Regarding the scenario
analyses (SA), the naive analysis (without MAIC adjustment) resulted in €22,658 / QALY
(Figure 1).

A cost-effectiveness acceptability curve (Figure 2) was used to show the probabilistic
sensitivity analysis (PSA) results. Out of 1000 Monte-Carlo simulations performed, 92.3%
and 99.2% of the cases presented an ICUR under €22,000/ QALY and €60,000/ QALY gained
willingness-to-pay thresholds, respectively [11,12].
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PS-MCM (naive comparison without MAIC) s, €22 658
Utility PFS off-treatment > 12 months since baseline (CI195%) €10,775 €17,045
Pre-progression disease management cost (+20%) €10,922 €15,176
Discount rate (0%;5%) €11,661
Hospitalisation days non-ICU for axi-cel (+20%) €12,175
Hospitalisation days non-ICU for tisa-cel (£20%) €12,175
Allo-SCT cost (€38,936;€119,581) €12,791

@Lower bound OWSA
Upper bound OWSA
% SA

Standard PSM MAIC adjusted

Leukapheresis cost (€464;€1658) €13,049 €13,049

€5,000 €10,000  €15000  €20,000  €25,000
ICUR (€/QALY)

Figure 1. One-way sensitivity analysis and scenario analysis tornado diagram.

Allo-SCT, allogenic stem cell transplant; Axi-cel, axicabtagene ciloleucel; ICU, in-
tensive care unit; ICUR, incremental cost-utility ratio; MAIC, matching adjusted indirect
comparison; OWSA, one-way sensitivity analysis; PFS, progression-free survival;, PSM,
partitioned survival model; PS-MCM, partitioned survival mixture cure model; QALY,
quality-adjusted life year; SA, scenario analysis.

100% -

80% -
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40% -

20% -

Probability of axi-cel being cost-effective

0%

€0 € 20,000 €40,000 € 60,000 € 80,000

Willingness to pay threshold (€/QALY)

Figure 2. Cost-effectiveness acceptability curve of axi-cel vs. tisa-cel. Axi-cel, axicabtagene ciloleucel;
QALY, quality-adjusted life year; Tisa-cel, tisagenlecleucel.

3. Discussion

Prior to the arrival of CAR T-cell therapies, the prognosis for patients with R/R
DLBCL was very poor [5] with few treatment options, constituting an urgent unmet
need for effective treatments [2]. Nevertheless, CAR T-cell therapies have changed the
treatment paradigm, demonstrating promising survival outcomes in the treatment of these
patients. Further follow-up from the pivotal trials in addition to real-world evidence is
warranted to confirm the effectiveness of these therapies. For this reason, the Spanish NHS
has launched a plan for advanced therapies, including CAR T-cell therapies, known as
the “Plan para el abordaje de las terapias avanzadas en el SNS: medicamentos CAR”, with the
objective of guaranteeing the efficient and safe use of these innovative treatments. The
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latest of these reports published in December 2020 by the Spanish NHS, confirms these
preliminary outcomes in Spanish hospitals, in terms of efficacy and safety in a real-world
environment [13].

Our study is the first to compare the efficiency of the two authorised CAR T-cell thera-
pies in the treatment of R/R DLBCL from the Spanish NHS perspective. When comparing
axi-cel versus tisa-cel, the analysis showed an increment of 2.31 QALY per patient and
incremental costs of €30,135 per patient, which leads to an ICUR of €13,049/QALY gained.
This value stands below the frequently cited WTP thresholds of €22,000-€60,000 per QALY
gained [11,12], used to establish whether the therapy of interest represents an efficient use
of limited NHS resources in the Spanish setting.

Recently, a cost-utility analysis developed from the USA payer perspective for the
same comparators presented axi-cel as a dominant alternative vs. tisa-cel, resulting in
higher QALY gained (+2.31 discounted) and slightly lower costs (—$1407) [14]. QALY
gained for axi-cel vs. tisa-cel were equal from USA and Spanish payer perspectives, how-
ever total costs were higher for tisa-cel in the USA analysis, in contrast with our analysis
where axi-cel showed higher costs. Additionally, the efficiency of axi-cel and tisa-cel has
been evaluated separately, in comparison to chemotherapy schemes in the DLBCL context
in different countries. In Europe, Marchetti et al. assessed the efficiency of axi-cel versus
best supportive chemotherapy from the Italian health system perspective, resulting in an
ICUR of €44,746/QALY gained [15]. From the USA payer perspective, Roth et al. revealed
an ICUR of $55,128/QALY gained when they compared axi-cel with salvage chemother-
apy [16]. Regarding tisa-cel, few economic evaluations for DLBCL have been identified. An
analysis from the Canadian payer perspective yielded an ICUR of $103,112/QALY gained
versus salvage chemotherapy [17], very similar to the CHF113,179/QALY (1 CHF = 0.92 €)
obtained in an analogue analysis from the Swiss healthcare system perspective [18].

From an economic point of view, several European countries have adopted risk-sharing
financial schemes consisting of staged payments based on collected clinical outcomes, re-
sulting in pioneering reimbursement strategies within the European Union (EU) [10]. In
particular, the Spanish Ministry of Health (MoH) has developed a tool known as VAL-
TERMED (Valor Terapéutico en la Prictica Clinica Real de los Medicamentos de Alto Impacto
Sanitario y Econdmico en el Sistema Nacional de Salud), where data generated in clinical prac-
tice are collected, in order to determine the real value of therapies [19]. Other countries
such as France and England, with the aim of accelerating patient access to these therapies,
have accepted conditioned rebates that will be re-assessed upon longer follow-up results of
the clinical trials and upcoming real-world data. Given the current scenarios, CAR T-cell
therapies are not only cutting-edge treatments in terms of clinical efficacy, but also with
regard to a liable method of payment that achieves an optimal “value for money”.

In the absence of any head-to-head trial comparing axi-cel and tisa-cel, outcomes
were extracted from the MAIC recently published by Oluwole et al., applying matched
ZUMA-1 trial individual patient data (IPD) to aggregate-level data from the JULIET trial
in order to adjust for cross-trial differences [9]. The MAIC approach is consistent with the
recommendations gathered in the National Institute for Health and Care Excellence (NICE)
Decision Support Unit Technical Support (DSUTS) Document 18 [20], that consider the
MAIC as a valid option when IPD is available for one trial and aggregate data are available
for the other trial. The main advantages of the MAIC consist of its solid literature-based
content versus a simulated treatment comparison, its straightforward interpretation, and
importantly, its recognition among Health Technology Assessment (HTA) agencies [9].

With regard to the survival estimates used in the analysis, a fitted partitioned survival
mixture cure model (PS-MCM) was applied for the entire model time horizon, given its
superior robustness in contrast with a piecewise approach. The piecewise approximation
utilises the observed survival in the form of Kaplan-Meier (KM) curves followed by the PS-
MCM fits for the post-trial period, carrying a high uncertainty around the survival estimates
towards the end of the observed time, due to a low number of patients still at risk. On
the other hand, the PS-MCM approach is widely accepted by HTA agencies. In fact, NICE
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submissions for axi-cel and tisa-cel in R/R LBCL adopted the PS-MCM approach [21,22],
as well as previous USA cost-effectiveness for axi-cel in R/R LBCL [16,23].

The current analysis has some limitations. Firstly, the lack of a direct comparison of axi-
cel against tisa-cel in a head-to-head clinical trial can be considered as a potential drawback
of the analysis. By means of a MAIC approach, clinically relevant cross-trial differences
have been balanced; however, there are some co-variates that could not be adjusted and
could be interpreted as a source of bias [9,24]. For instance, use of bridging chemotherapy
was allowed in JULIET trial but not for ZUMA-1 patients, making it impossible to evaluate
the impact of this parameter. Furthermore, there were certain disparities in the scheduling
process and time from leukapheresis to infusion that were not adjusted: in ZUMA-1,
patients would undergo leukapheresis only if a manufacturing slot was available, whereas
in JULIET, patients were subject to leukapheresis, with independence of slot availability.
Additionally, definition of “relapsed disease” at baseline was unequal between ZUMA-1
and JULIET, admitting a lower-risk population in JULIET by including all patients that
experienced progression at any time after two lines of therapy, in comparison to ZUMA-1,
where patients presented progressive or stable disease as a best response to the last line
of therapy, or had relapsed within 12 months after SCT [7,8]. In order to account for the
possible impact of the MAIC technique on the analysis, a SA without considering the MAIC
(naive comparison) for survival outcomes was performed.

Furthermore, PFS and OS data for axi-cel and tisa-cel are limited to a median follow-up
of 27 and 14 months respectively; thus, parametric survival distributions were required to
extrapolate trial KM curves. The extrapolated survival data could not represent real life.
However, the modelling approach used in this analysis is consistent with prior studies,
which suggest that mixture cure models can provide a more accurate estimate of long-term
survival compared with standard models when a substantial fraction of the modelling
population achieve long-term remission [25-27]. Despite the extrapolation approach,
survival data from patients treated with both therapies should continue to be collected to
reduce the uncertainty in long-term survival.

Another limitation present in the study lies in the fact that cytokine release syndrome
(CRS) and neurological events were the only grade >3 adverse events (AEs) considered in
the analysis, in line with the considerations of the MAIC publication [9]. Other possibly
relevant AEs, such as cytopenias or infections, were excluded from the analysis. Further-
more, no disutility values were attributed to AEs similar to other economic evaluations
developed for axi-cel [14,16].

Despite the limitations described previously, the results of the sensitivity analyses
confirmed that the uncertainty associated with the parameters used in the modelling did
not represent a significant deviation from the results obtained in the base case, except for
the naive comparison without MAIC, which turned out to be the most influential variable,
still remaining cost-effective when applying the €60,000/QALY gained threshold. The
average ICER derived from the PSA was €11,114/QALY gained, which is congruent with
the deterministic ICER of €13,049/QALY estimated in the base case, indicating a limited
uncertainty surrounding model parameters and assumptions.

4. Materials and Methods
4.1. Model Structure

A previously developed decision-analytic model in Microsoft Excel® (Excel 365, Mi-
crosoft, Redmond, WA, USA) was adapted to estimate over a lifetime horizon (maximum
of 50 years) the costs and health benefits, in terms of LYG and QALY, accrued for a hypo-
thetical cohort of adult patients with R/R DLBCL after >2 lines of systemic therapy who
received axi-cel or tisa-cel [14]. According to the approach commonly used in advanced
stage oncology models, a PS-MCM was utilised for both treatment arms. The model com-
prised pre-progression, post-progression and death health states, to represent the long-term
survival observed on the 27-month follow-up ZUMA-1 trial [7] and 14-month follow-up
JULIET trial [8]. Survival curves in these trials may acquire an “L-shape” with a “long tail”



Cancers 2022, 14, 538

7 of 12

or plateau, which originates from a proportion of patients that can experience long-term
remission or cure. When applying a PS-MCM for PES and OS, patients in these states
are divided into two groups: non-cured patients at risk of disease-related progression or
death, as well as general mortality (due to non-DLBCL causes), and cured patients, only
exposed to general mortality (will not experience disease-related progression or death).
Transitions between health states were conducted in one-month cycles to accurately capture
the time resolution of disease progressions and survival outcomes (Figure 3), and were
half-cycle corrected.

The analysis was carried out from the perspective of the Spanish NHS and a discount
rate of 3% was applied to costs and health outcomes, in accordance with the published
recommendations for economic evaluations in Spain [28].

All the parameters included in the present analysis were reviewed and validated by
two experts in the haemato-oncology field.

Non-cured pre-progression

Post-Progression /
Death (either

free patients

LBCL/non-LBCL-related)

-

N

Cured pre-progression

Cury
f}a

Non-cured pre- or post-progression
-“

Alive (pre/post-

Post-Progression /

Death (either
LBCL/non-LBCL-related)

All patients
regardless of
progression

progression)

Cured either pre- or post-progression

Post-progression

Figure 3. Decision-analytic model: Partitioned survival mixture cure model for axi-cel and tisa-cel.
LBCL, large B-cell lymphoma; OS, overall survival; PFS, progression-free survival.

4.2. Population

The patient population included in the analysis were adult patients with R/R DLBCL,
adjusting ZUMA-1 (pivotal trial of axi-cel) patient population to JULIET (pivotal trial of
tisa-cel) population through the MAIC [9]. Average patient age was 58 years-old with
a 64% proportion of men, in line with the most recent report published by the Spanish
MoH related to the follow-up of advanced therapies [13]. An average weight of 70 kg
and average body surface of 1.70 m? were assumed, based on typical characteristics of the
Spanish population [29].
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4.3. Treatment Strategies

The alternatives compared in the analysis included a single infusion of axi-cel versus
a single infusion of tisa-cel. For both CAR T therapies, the model tracked patients from
treatment initiation, considering the leukapheresis procedure to harvest T-cell and the treat-
ment with lymphodepleting chemotherapy, which differed between treatments. For axi-cel,
patients received cyclophosphamide 500 mg/m? and fludarabine 30 mg/m? intravenously
on the 5th, 4th, and 3rd day before infusion [7], while tisa-cel required cyclophosphamide
250 mg/m? and fludarabine 25 mg/m? intravenously daily for 3 days [8].

4.4. Clinical Data

To determine the distribution of patients across health states, PFS and OS trial curves
were extrapolated to the lifetime horizon. For tisa-cel, OS and PFS data were obtained
from JULIET [8], whereas clinical results for axi-cel were provided by ZUMA-1 [7]. A
MAIC approach was applied in order to adjust for differences in patient characteristics
between trials [9], where patient-level data from ZUMA-1 was adjusted to aggregate data of
JULIET through a logistic regression model based on the propensity score, for the following
key patient characteristics for its clinical relevance: International Prognostic Index (IPI)
score (<2 or >2), Eastern Cooperative Oncology Group (ECOG) score (0/1), disease stage
(<8 or 3/4), refractoriness (relapsed/refractory), double/triple hit status, cell of origin
(DLBCL/ other types of LBCL) and number of prior lines of therapy (<3 or 3/>4).

To establish the proportion of patients in each health state (pre-progression state,
post-progression state and death) over a lifetime horizon, definitive survival curves for
both treatments were estimated as a weighted average of the survival curves of cured and
non-cured subpopulations, according to their relative proportions. Axi-cel survival curves
of the overall population were adjusted to a Gamma distribution for OS and a Log-logistic
distribution for PFS. Regarding tisa-cel, overall population OS and PFS curves were fitted
to Log-normal and Log-logistic distributions, respectively. For the cured group, survival
curves were based on the mortality of the Spanish general population; thus, patients in this
group could only move to death health state [30].

Additionally, the model considered CRS and neurological AEs grade >3 based on
the MAIC approach [9]. To prevent double counting, no additional AEs were allocated,
assuming these occurred while patients were hospitalized for treatment infusion.

4.5. Utilities

In order to estimate the QALY gained, utility values were associated with each health
state based on EQ-5D data from a safety management cohort of ZUMA-1 [31] (Table 2).
Different utility values were established depending on whether the patient was on or
off-treatment and time since completion of treatment, regardless of the CAR T-cell therapy.

On the first month after treatment, a utility of 0.740 was assigned. After this first
month, and if patients had not progressed, they could experience an improvement in their
quality of life, thus increasing their utility value up to 0.782. According to the experts’
opinion, if no progression occurred in the 12 months since baseline, thus reaching long-term
remission, a utility value of 0.820 was achieved. For the post-progression state, a utility
value of 0.390 was designated, as stated by Chen et al. [32].

Table 2. Utilities.

Health State

: Utility Value
Pre-progression [31]

Pre-progression: CAR T on treatment (1st month) 0.740
Pre-progression: off-treatment <12 months 0.782
Pre-progression: off-treatment >12 months 0.820

Post-progression [32] 0.390

CAR T, chimeric antigen receptor T-cell.
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4.6. Resource Use and Costs

According to the Spanish NHS perspective, only direct healthcare costs were included,
comprising axi-cel and tisa-cel acquisition costs, drug administration and monitoring, SCT,
health state management, end-of-life care and AEs management costs. Axi-cel and tisa-cel
acquisition costs were based on published ex-factory prices [33] with national mandatory
deduction applied [34] (Table 3). CAR T administration and monitoring costs, applied
equally for both therapies, involved hospitalisation in an intensive care unit (ICU) and
non-ICU for 7 days and 14 days, respectively, laboratory tests, specialist visits and blood
transfusions. Other resources included for both CAR T-cell therapy-related costs were:
leukapheresis procedure, lymphodepleting chemotherapy drug acquisition and admin-
istration (including hospitalisation for 5 days, laboratory tests and antiemetic treatment)
(Table 3).

Disease management costs by health states were estimated based on the disaggregated
resource consumption referred to specialist visits, hospitalisation, diagnostic and laboratory
tests and concomitant treatments, provided by the expert panel, equal for both treatment
arms (Table 3). End-of-life care costs were also considered for both treatments, regardless
of the cause of death.

Regarding SCT, 7.90% and 5.40% of patients who relapsed or were refractory to CAR
T cell treatment in the axi-cel and tisa-cel arm, respectively, were assumed to undergo
allogeneic transplantation (allo-SCT) as shown in the ZUMA-1 [7] and JULIET [8] data.
ZUMA-1 did not report any autologous transplantation for axi-cel in contrast with 0.90%
of patients receiving tisa-cel detailed by JULIET (Table 3).

Grade >3 AEs-related costs included the management of CRS and neurological events
with tocilizumab (an anti-interleukin 6 receptor monoclonal antibody), in addition to
imaging and laboratory tests and antibiotics, only for CRS (Table 3).

Drug acquisition costs of lymphodepleting chemotherapy, concomitant treatments
and tocilizumab were estimated based on published ex-factory prices [33] applying the
national mandatory deductions when applicable [34]. No vial wastage was considered in
the cost calculations.

Unitary costs for the health resources were obtained from local national database of
health costs [35]. All costs were expressed in euros, 2020 values, and for those costs obtained
from literature, the cost was inflated in 2020 based on the Spanish general consumer price
index [36].

Table 3. Healthcare resource unitary costs (€, 2020).

Treatment Related Costs Cost
Drug acquisition costs [33,34]
Axi-cel: 0.4-2.0 x 108 cells/ kg €313,920.00
Tisa-cel: 1.2 x 10°—6.0 x 108 cells/kg €307,200.00 *
Leukapheresis [35] €1064.79
Lymphodepleting chemotherapy: axi-cel [33,34] €174.84
Lymphodepleting chemotherapy: tisa-cel [33,34] €138.18
CAR T administration and monitoring [35] €8767.73
Allo-SCT [35] €70,559.14
Auto-SCT [35] €48,591.37
ICU hospitalisation (per day) [35] €1338.45
Non-ICU hospitalisation (per day) [35] €722.89
End-of-life care [35] €3132.52

Health states medical resource costs

Pre-progression health state (€/month) [33-35] €704.89
Post-progression health state (€/month) [33-35] €1153.43
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Table 3. Cont.

Treatment Related Costs Cost

AE management cost

Cytokine release syndrome [33-35] €1073.59
Neurological events [33-35] €713.09

 Drug cost per administration. Axi-cel and tisa-cel drug costs were based on ex-factory list price applying a
4% mandatory deduction of Royal Decree Law 8/2010. AE, adverse event; axi-cel, axicabtagene ciloleucel; CAR
T, chimeric antigen receptor T-cell; CGCOF: Consejo General de Colegios Oficiales de Farmacéuticos (General
General Council of the Association of Official Pharmacists database); ICU, intensive care unit; SCT, stem cell
transplant; tisa-cel, tisagenlecleucel.

4.7. Outcomes

Total costs, LYG and QALY gained were estimated for both therapies. The cost-
effectiveness results, presented as ICER and ICUR, were expressed as incremental cost in
euros per survival increase measured as LYG and QALY gained, respectively.

4.8. Sensitivity Analysis

OWSA, SA and PSA were performed to assess the robustness of the model and to test
the uncertainty surrounding model parameters on the ICER and ICUR results.

For the OWSA, the following parameters were varied individually: discount rate (0%
and 5%) as suggested by Lopez-Bastida et al. [28], cost of allo-SCT (minimum [€38,936]
and maximum [€119,581] values collected in the national database of health costs), cost
of leukapheresis (minimum [€464] and maximum [€1658] values collected in the national
database of health costs), non-ICU hospitalisation days for axi-cel and tisa-cel (£20%),
cost of disease management in the pre-progression state (£20%), utility off-treatment
>12 months since baseline in the pre-progression state (CI95%).

SA considering standard partitioned survival model (PSM), this is without considering
a fraction of cured patients, and PS-MCM without alignment of patient characteristics
through MAIC, were also tested. In the PSM scenario, a Gompertz distribution was applied
for OS and PFS in both treatment arms. On the other hand, in the naive comparison without
MAIC, according to the best fitting based on Akaike’s information criterion (AIC), PFS for
axi-cel and tisa-cel and OS for axi-cel were adjusted to a Log-logistic curve, while OS for
tisa-cel was fitted to a Log-normal curve.

PSA was performed using 1000 Monte-Carlo simulations. The value of each key param-
eter would vary according to a specific probability distribution assigned to each parameter.
Beta distributions were applied for utilities, AEs rates, dose intensity of lymphodepleting
chemotherapy and AEs management treatments, proportion of patients hospitalized in
ICU and non-ICU and proportion of patients undergoing SCT; and gamma distributions
for all type of costs and hospital days.

5. Conclusions

Axi-cel demonstrated an increase in survival outcomes in terms of LYG and QALY
gained compared with tisa-cel over a lifetime horizon, resulting in an ICER of €10,999/LYG
and an ICUR of €13,049/QALY gained. These results show that axi-cel is a cost-effective
therapy for the treatment of R/R DLBCL after two or more lines of systemic therapy in
Spain, when using commonly used WTP thresholds in Spain. Sensitivity analyses demon-
strated the consistency of the results, with PS-MCM without the MAIC adjustment being
the most influential parameter, still, however, yielding an ICUR below the €60,000/QALY
WTP threshold.

Author Contributions: A.d.1.H., M.P. and M.A.C. carried out the identification of the parameters,
the development of the analysis and the drafting of the manuscript. M.B.-O., A.d.LH.,, M.P, M.A.C,,
C.P, VM.-E., A.S. participated in the interpretation of the results and reviewed and approved the
final version of the manuscript. All authors have read and agreed to the published version of
the manuscript.



Cancers 2022, 14, 538 11 of 12

Funding: This research was funded by Gilead Sciences.

Institutional Review Board Statement: Not applicable since the study is not involving humans
or animals.

Informed Consent Statement: Not applicable since the study is not involving humans or animals.
Data Availability Statement: The data presented in this study are available in this article.

Conflicts of Interest: Bastos-Oreiro M. has received conference and consulting fees from BMS,
Celgene, Kite Pharma, Novartis, Roche and Takeda. Sureda A. has received conference and consulting
fees from BMS, Celgene, Gilead, Janssen, MSD, Novartis, Roche, Sanofi and Takeda. Bastos-Oreiro B.
and Sureda A. have received honoraria from Gilead for advocacy tasks related to this project. de las
Heras A., Presa M., and Casado MA. are employees of Pharmacoeconomics & Outcomes Research
Iberia, a consultant company specialised in economic evaluation of health technologies which has
received unrestricted funding for development of the analysis. Pardo C. and Martin-Escudero V. are
employees of Gilead Sciences Spain.

References

1.

10.

11.

12.

13.

14.

15.

16.

National Cancer Institute. Adult Non-Hodgkin Lymphoma Treatment (PDQ®)—Professional Version; National Cancer Institute: Lon-
don, UK, 2019. Available online: www.cancer.gov/types/lymphoma/hp/adult-nhl-treatment-pdq (accessed on 20 October 2019).
Tilly, H.; Gomes da Silva, M.; Vitolo, U.; Jack, A.; Meignan, M.; Lopez-Guillermo, A.; Walewski, J.; André, M.; Johnson, PW.,;
Pfreundschuh, M; et al. Diffuse large B-cell lymphoma (DLBCL): ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann. Oncol. 2015, 26, 116-125. [CrossRef] [PubMed]

Bastos-Oreiro, M.; Muntaiiola, A.; Panizo, C.; Gonzalez-Barca, E.; de Villambrosia, S.G.; Cérdoba, R.; Lépez, ].L.B.; Gonzélez-
Sierra, P; Terol, M.].; Gutierrez, A.; et al. RELINF: Prospective epidemiological registry of lymphoid neoplasms in Spain. A
project from the GELTAMO group. Ann Hematol. 2020, 99, 799-808. [CrossRef]

Friedberg, J.W. Relapsed/Refractory Diffuse Large B-cell Lymphoma; Hematology, American Society of Hematology Education
Program: Washington, DC, USA, 2011; pp. 498-505. [CrossRef]

Crump, M.; Neelapu, S.S.; Farooq, U.; Van Den Neste, E.; Kuruvilla, J.; Westin, J.; Link, B.K,; Hay, A.; Cerhan, J.R.; Zhu, L,;
et al. Outcomes in refractory diffuse large B-cell lymphoma: Results from the international SCHOLAR-1 study. Blood 2017, 130,
1800-1808. [CrossRef]

Hopfinger, G.; Worel, N. CAR T-cell therapy in diffuse large B-cell lymphoma. MEMO 2020, 13, 32-35. [CrossRef]

Locke, EL.; Ghobadi, A.; Jacobson, C.A.; Miklos, D.B.; Lekakis, L.J.; Oluwole, O.O.; Lin, Y.; Braunschweig, I.; Hill, B.T;
Timmerman, ].M.; et al. Long-term safety and activity of axicabtagene ciloleucel in refractory large B-cell lymphoma (ZUMA-1):
A single-arm, multicentre, phase 1-2 trial. Lancet Oncol. 2019, 20, 31-42. [CrossRef]

Schuster, S.J.; Bishop, M.R.; Tam, C.S.; Waller, E.K.; Borchmann, P.; McGuirk, J.P,; Jager, U.; Jaglowski, S.; Andreadis, C.; Westin,
J.R.; et al. Tisagenlecleucel in Adult Relapsed or Refractory Diffuse Large B-Cell Lymphoma. N. Engl. ]. Med. 2019, 380, 45-56.
[CrossRef]

Oluwole, O.0,; Jansen, J.P; Lin, VW.; Chan, K.; Keeping, S.; Navale, L.; Locke, F.L. Comparing Efficacy, Safety, and Preinfusion
Period of Axicabtagene Ciloleucel versus Tisagenlecleucel in Relapsed /Refractory Large B Cell Lymphoma. Biol. Blood Marrow
Transplant. 2020, 26, 1581-1588. [CrossRef]

Jorgensen, ].; Hanna, E.; Kefalas, P. Outcomes-based reimbursement for gene therapies in practice: The experience of recently
launched CAR-T cell therapies in major European countries. J. Mark. Access Health Policy 2020, 8, 1715536. [CrossRef] [PubMed]
Vallejo-Torres, L.; Garcia-Lorenzo, B.; Serrano-Aguilar, P. Estimating a cost-effectiveness threshold for the Spanish NHS. Health
Econ. 2018, 27, 746-761. [CrossRef]

Sacristan, J.A.; Oliva, J.; Campillo-Artero, C.; Puig-Junoy, J.; Pinto-Prades, J.L.; Dilla, T.; Rubio-Terrés, C.; Orttn, V. What is an
efficient health intervention in Spain in 2020? Gac Sanit. 2020, 34, 189-193. [CrossRef]

Informe de sequimiento de la Direccion General de Cartera Comiin de Servicios del Sistema Nacional de Salud (SNS) y Farmacia sobre el
Plan para el Abordaje de las Terapias Avanzadas en el SNS; Ministry of Health: Madrid, Spain, 2020; Available online: https:/ /www.
mscbs.gob.es/profesionales/farmacia/pdf/20201201.Informe_MS_seguimiento_Plan_terapias_avanzadas_SNS.pdf (accessed on
23 February 2021).

Liu, R.; Oluwole, O.O; Diakite, I.; Botteman, M.E,; Snider, ].T.; Locke, F.L. Cost effectiveness of axicabtagene ciloleucel versus
tisagenlecleucel for adult patients with relapsed or refractory large B-cell lymphoma after two or more lines of systemic therapy
in the United States. J. Med. Econ. 2021, 24, 458-468. [CrossRef]

Marchetti, M.; Martelli, E.; Zinzani, P.L. Cost-effectiveness of axicabtagene ciloleucel for relapsed or refractory diffuse large B-cell
lymphoma in Italy. Blood 2018, 132, 4779. [CrossRef]

Roth, J.A; Sullivan, S.D.; Lin, VW,; Bansal, A.; Purdum, A.G.; Navale, L.; Cheng, P.; Ramsey, S.D. Cost-effectiveness of
axicabtagene ciloleucel for adult patients with relapsed or refractory large B-cell lymphoma in the United States. J. Med. Econ.
2018, 21, 1238-1245. [CrossRef]


www.cancer.gov/types/lymphoma/hp/adult-nhl-treatment-pdq
http://doi.org/10.1093/annonc/mdv304
http://www.ncbi.nlm.nih.gov/pubmed/26314773
http://doi.org/10.1007/s00277-020-03918-6
http://doi.org/10.1182/asheducation-2011.1.498
http://doi.org/10.1182/blood-2017-03-769620
http://doi.org/10.1007/s12254-019-00558-z
http://doi.org/10.1016/S1470-2045(18)30864-7
http://doi.org/10.1056/NEJMoa1804980
http://doi.org/10.1016/j.bbmt.2020.06.008
http://doi.org/10.1080/20016689.2020.1715536
http://www.ncbi.nlm.nih.gov/pubmed/32082514
http://doi.org/10.1002/hec.3633
http://doi.org/10.1016/j.gaceta.2019.06.007
https://www.mscbs.gob.es/profesionales/farmacia/pdf/20201201.Informe_MS_seguimiento_Plan_terapias_avanzadas_SNS.pdf
https://www.mscbs.gob.es/profesionales/farmacia/pdf/20201201.Informe_MS_seguimiento_Plan_terapias_avanzadas_SNS.pdf
http://doi.org/10.1080/13696998.2021.1901721
http://doi.org/10.1182/blood-2018-99-113838
http://doi.org/10.1080/13696998.2018.1529674

Cancers 2022, 14, 538 12 of 12

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Yang, H.; Qi, C.; Zhang, J.; El Ouagari, K. Cost-effectiveness of tisagenlecleucel for adults with relapsed or refractory diffuse large
b-cell lymphoma: A canadian societal perspective. Value Health 2018, 21, S44. [CrossRef]

Moradi-Lakeh, M.; Yaghoubi, M.; Seitz, P.; Javanbakht, M.; Brock, E. Cost-Effectiveness of Tisagenlecleucel in Paediatric Acute
Lymphoblastic Leukaemia (pALL) and Adult Diffuse Large B-Cell Lymphoma (DLBCL) in Switzerland. Adv Ther. 2021, 38,
3427-3443. [CrossRef]

Ministry of Health. Ministerio de Sanidad Consumo y Bienestar Social (MSCBS)—Direccién General de Cartera Bésica de
Servicios del SNS y Farmacia (DGCYF). 2019. Available online: https:/ /www.mscbs.gob.es/profesionales/farmacia/valtermed /
docs/VALTERMED_Preguntas_y_Respuestas.pdf (accessed on 22 February 2021).

Phillippo, D.M.; Ades, A.E.; Dias, S.; Palmer, S.; Abrams, K.R.; Welton, K.J. NICE DSU Technical Support Document 18: Methods for
Population-Adjusted Indirect Comparisons in Submissions to NICE; National Institute for Health and Care Excellence: Sheffield, UK,
2016; Available online: https:/ /www.nice.org.uk/guidance/ta306 (accessed on 17 February 2021).

National Institute for Health and Care Excellence. Tisagenlecleucel for Treating Relapsed or Refractory Diffuse Large B-Cell Lymphoma
after 2 or More Systemic Therapies; Technology Appraisal Guidance [TA567]; National Institute for Health and Care Excellence:
Sheffield, UK, 2019; Available online: https://www.nice.org.uk/guidance/ta567 (accessed on 18 February 2021).

National Institute for Health and Care Excellence. Axicabtagene ciloleucel for Treating Diffuse Large B-cell Lymphoma and Primary
Mediastinal Large B-cell Lymphoma after 2 or More Systemic Therapies; Technology Appraisal Guidance [TA559]; National Institute
for Health and Care Excellence: Sheffield, UK, 2019; Available online: https://www.nice.org.uk/guidance/ta559 (accessed on
18 February 2021).

Whittington, M.D.; McQueen, R.B.; Ollendorf, D.A.; Kumar, V.M.; Chapman, R.H.; Tice, J.A.; Pearson, S.D.; Campbell, ].D.
Long-term Survival and Cost-effectiveness Associated with Axicabtagene Ciloleucel vs. Chemotherapy for Treatment of B-Cell
Lymphoma. JAMA Netw. Open. 2019, 2, €190035. [CrossRef]

Zhang, J.; Li, J.; Ma, Q.; Yang, H.; Signorovitch, J.; Wu, E. Letter to the Editor Regarding “Comparing Efficacy, Safety, and
Preinfusion Period of Axicabtagene Ciloleucel versus Tisagenlecleucel in Relapsed /Refractory Large B Cell Lymphoma”. Biol.
Blood Marrow. Transplant. 2020, 26, e333-e334. [CrossRef]

Bansal, A.; Sullivan, S.D.; Lin, V.W.; Purdum, A.G.; Navale, L.; Cheng, P.; Ramsey, S.D. Estimating Long-Term Survival for
Patients with Relapsed or Refractory Large B-Cell Lymphoma Treated with Chimeric Antigen Receptor Therapy: A Comparison
of Standard and Mixture Cure Models. Med. Decis. Mak. 2019, 39, 294-298. [CrossRef]

Othus, M.; Barlogie, B.; Leblanc, M.L.; Crowley, ].J. Cure models as a useful statistical tool for analyzing survival. Clin. Cancer Res.
2012, 18, 3731-3736. [CrossRef]

Othus, M.; Bansal, A.; Koepl, L.; Wagner, S.; Ramsey, S. Accounting for cured patients in cost-effectiveness analysis. Value Health
2017, 20, 705-709. [CrossRef] [PubMed]

Lopez-Bastida, J.; Oliva, J.; Antofianzas, F.; Garcia-Altés, A.; Gisbert, R.; Mar, J.; Puig-Junoy, J. Spanish recommendations on
economic evaluation of health technologies. Eur. J. Health Econ. 2010, 11, 513-520. [CrossRef] [PubMed]

Ortega, A.; Marin, R.; Fraga, M.D.; Lépez-Briz, E.; Puigvent6s, F. (GENESIS-SEFH). Guia de evaluacion econdmica e impacto presupues-
tario en los informes de evaluacion de medicamentos. Guia prdctica asociada al programa MADRE v 4.0; Sociedad Esparfiola de Farmacia
Hospitalaria: Madrid, Spain, 2017; Available online: http://gruposdetrabajo.sefh.es/genesis (accessed on 23 February 2021).
Instituto Nacional de Estadistica. Tablas de Mortalidad proyectadas 2016-2065: Esperanza de Vida por edad y sexo; Instituto Nacional
de Estadistica: Madrid, Spain, 2020; Available online: www.ine.es (accessed on 10 December 2021).

Lin, V; Jiang, Y.; Chuang, L.H.; Navale, L.; Cheng, P.; Purdum, A. Poster B439: Health Utilities for Patients With Relapsed or
Refractory Large B Cell Lymphoma (R/R-LBCL) Ad Hoc Analysis From an Axicabtagene Ciloleucel (Axi-Cel) Safety Management
Study. In Proceedings of the 44th Annual Meeting of the European Society for Blood and Marrow Transplantation, Lisbon,
Portugal, 18-21 March 2018.

Chen, Q.; Staton, A.D.; Ayer, T.; Goldstein, D.A.; Koff, J.L.; Flowers, C.R. Exploring the potential cost-effectiveness of precision
medicine treatment strategies for diffuse large B-cell lymphoma. Leukemia Lymphoma 2018, 59, 1700-1709. [CrossRef] [PubMed]
Base de datos del Conocimiento Sanitario—Bot Plus 2.0. Consejo General de Colegios Oficiales de Farmacéuticos. 2020. Available
online: https:/ /botplusweb.portalfarma.com/ (accessed on 10 December 2020).

Relacion Informativa de Medicamentos Afectados por las Deducciones Establecidas en el Real Decreto Ley 8/2010 de 20 de Mayo por el que se
Adoptan Medidas Extraordinarias para la Reduccion del Déficit Piiblico; Ministry of Health: Madrid, Spain, 2021; Available online:
https:/ /www.mscbs.gob.es /profesionales/farmacia/pdf/DeduccionesFebrero2021.pdf (accessed on 23 February 2021).
Oblikue Consulting. Base de datos de Costes Sanitarios eSalud. Oblikue Consulting, 2020. Available online: http:/ /www.oblikue.
com/bddcostes/ (accessed on 10 December 2020).

Instituto Nacional de Estadistica. Cdlculo de Variaciones Del Indice de Precios de Consumo [Internet]; Instituto Nacional de Estadistica:
Madrid, Spain, 2020; Available online: https://www.ine.es/calcula/calcula.do (accessed on 15 December 2020).


http://doi.org/10.1016/j.jval.2018.09.260
http://doi.org/10.1007/s12325-021-01767-x
https://www.mscbs.gob.es/profesionales/farmacia/valtermed/docs/VALTERMED_Preguntas_y_Respuestas.pdf
https://www.mscbs.gob.es/profesionales/farmacia/valtermed/docs/VALTERMED_Preguntas_y_Respuestas.pdf
https://www.nice.org.uk/guidance/ta306
https://www.nice.org.uk/guidance/ta567
https://www.nice.org.uk/guidance/ta559
http://doi.org/10.1001/jamanetworkopen.2019.0035
http://doi.org/10.1016/j.bbmt.2020.08.032
http://doi.org/10.1177/0272989X18820535
http://doi.org/10.1158/1078-0432.CCR-11-2859
http://doi.org/10.1016/j.jval.2016.04.011
http://www.ncbi.nlm.nih.gov/pubmed/28408015
http://doi.org/10.1007/s10198-010-0244-4
http://www.ncbi.nlm.nih.gov/pubmed/20405159
http://gruposdetrabajo.sefh.es/genesis
www.ine.es
http://doi.org/10.1080/10428194.2017.1390230
http://www.ncbi.nlm.nih.gov/pubmed/29065744
https://botplusweb.portalfarma.com/
https://www.mscbs.gob.es/profesionales/farmacia/pdf/DeduccionesFebrero2021.pdf
http://www.oblikue.com/bddcostes/
http://www.oblikue.com/bddcostes/
https://www.ine.es/calcula/calcula.do

	Introduction 
	Results 
	Base Case 
	Sensitivity Analysis 

	Discussion 
	Materials and Methods 
	Model Structure 
	Population 
	Treatment Strategies 
	Clinical Data 
	Utilities 
	Resource Use and Costs 
	Outcomes 
	Sensitivity Analysis 

	Conclusions 
	References

