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A B S T R A C T

Objectives: Onasemnogene Abeparvovec-xioi (AVXS-101) is a gene therapy intended for curative treatment of spinal muscular
atrophy (SMA) with an expected price of around V2000 000. The goal of this study is to perform a cost-effectiveness analysis
of treatment of SMA I patients with AVXS-101 in The Netherlands including relapse scenarios.

Methods: An individual-based state-transition model was used to model treatment effect and survival of SMA I patients
treated with AVXS-101, nusinersen and best supportive care (BSC). The model included five health states: three health states
according to SMA types, one for permanent ventilation and one for death. Deterministic and probabilistic sensitivity analyses
were performed. Effects of relapsing to lower health states in the years following treatment was explored.

Results: The base-case incremental cost-effectiveness ratio (ICER) for AVXS-101 versus BSC is V138875/QALY, and V53447/
QALY for AVXS-101 versus nusinersen. If patients relapse within 10 years after treatment with AVXS-101, the ICER can in-
crease up to 6-fold, with effects diminishing thereafter. Only relapses occurring later than 50 years after treatment have a
negligible effect on the ICER. To comply with Dutch willingness-to-pay reference values, the price of AVXS-101 must decrease
to V680 000.

Conclusions: Based on this model, treatment with AVXS-101 is unlikely to be cost-effective under Dutch willingness-to-pay
reference values. Uncertainty regarding the long-term curative properties of AVXS-101 can result in multiplication of the
ICER. Decision-makers are advised to appropriately balance these uncertainties against the price they are willing to pay now.
Keywords: advanced therapy medicinal product, AVXS-101, cost-effectiveness, gene therapy, health technology assessment, micro-

simulation, relapse, spinal
muscular atrophy, Zolgensma

VALUE HEALTH. 2021; 24(6):759–769
Introduction

Spinal muscular atrophy (SMA) is a hereditary neurodegener-
ative disease that severely debilitates patients. SMA is caused by a
mutation in the survival motor neuron 1 (SMN1) gene, turning it
into the SMN2 gene. SMN2 undergoes alternative splicing, leading
to insufficient production of functional SMN protein. The patho-
genesis of SMA is caused by loss of SMN1, and severity is related to
the number of copies of SMN2.1 Symptoms of SMA include
degeneration and loss of motor neurons resulting in muscle
weakness, atrophy, and paralysis. SMA is classified in 4 pheno-
types, with type I being the most severe and incident, accounting
for about 50% of SMA cases. Overall, 1:6000 to 1:10 000 babies
born in The Netherlands are diagnosed with SMA.2 Patients with
SMA I typically have 2 copies of SMN2 and onset of clinical
symptoms before 6 months of age. These infants never learn to sit
15 - see front matter Copyright ª 2021, ISPOR–The Professional Society for
cess article under the CC BY-NC-ND license (http://creativecommons.org/lic
unsupported and generally do not survive beyond 2 years.1 In a
study of survival of patients with SMA I, 93.3% of the 113 included
patients had died at a median age of 6.95 months.3 Patients with
SMA II generally have 3 copies of SMN2 and show signs of disease
between 7 and 18 months and learn to sit unsupported. SMA III is
clinically more heterogeneous, typically with 3 or 4 SMN2 copies.
Symptoms start after 20-30 years, when some patients lose the
ability to walk unsupported.1

Until recently, patients in The Netherlands with SMA were
treated with best supportive care (BSC) consisting of, among other
measures, ventilatory and nutritional assistance.2 Nusinersen, a
treatment for SMA, is gradually made available to patients in The
Netherlands with a confidential price reduction off the list price of
V83 300 per vial. Nusinersen targets the splicing of SMN2, effec-
tively turning the gene into the functional SMN1.4,5 In 2018 the
Dutch National Health Care Institute (ZIN) assessed the cost-
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effectiveness of nusinersen for reimbursement in The Netherlands
using the list price. The reported incremental cost-effectiveness
ratio (ICER) was V502 289.2 Despite this ICER being above the
Dutch willingness-to-pay (WTP) threshold, nusinersen is condi-
tionally approved for reimbursement in selected patient groups.6

In reports by ZIN and the Institute for Clinical and Economical
Review (CER Institute),7,8 the cost-effectiveness of nusinersen for
the treatment of SMA II and III was also studied. The reports
showed costs per quality-adjusted life-year (QALY) of V3 739 196
and $8 156 000, respectively.

In 2019, onasemnogene abeparvovec-xioi (brand name Zol-
gensma) was granted market access in the United States by the
Food and Drug Administration.9 Onasemnogene abeparvovec has
recently been granted market authorization by the European
Commission.10 Onasemnogene abeparvovec is a gene therapy that
delivers a functional copy of the SMN gene to motor neuron cells
in patients with SMA. The treatment effects range from symptoms
stabilizing in some patients to patients improving up to the point
where they can walk unsupported. Onasemnogene abeparvovec is
delivered as a one-time intravenous injection.11,12 The main
advantage of gene therapies is that only 1 dose is needed during
treatment, reducing patient burden compared to conventional
therapies.13 In the United States, onasemnogene abeparvovec is
currently listed at $2.125 million per treatment.14 Another therapy
for SMA, RO7034067, is currently undergoing clinical trials.15

For onasemnogene abeparvovec, 2 cost-effectiveness analyses
in the United States have been performed: 1 manufacturer spon-
sored16 and 1 by the CER Institute.7 The manufacturer-sponsored
analysis compared onasemnogene abeparvovec with nusinersen,
where onasemnogene abeparvovec is shown to dominate nusi-
nersen.16 The CER Institute study compared onasemnogene abe-
parvovec with BSC and nusinersen, reporting ICERs of $243 000
and $139 000, respectively.7 The different outcomes of these
studies can be attributed mainly to differences in quality-of-life
measurements and estimated treatment effectivity.

Gene therapies are relatively new, and little is known about their
long-term effectiveness. A clinical trial studying a gene therapy for
the treatment of hemophilia A showed a decline in effect 3 years
after treatment.17 The manufacturer stated that the treatment ef-
fects were expected to last for a maximum of 8 years.18 Although it
cannot be assumed that the effects of onasemnogene abeparvovec
Figure 1. Structure of the model used. SMA 0, SMA I, SMA II, SMA
III, and death depict the health states in the model. Arrows
represent possible state transitions. Transition from SMA I to SMA
0 is only modelled in the best supportive care arm.
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SMA IIISMA II
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SMA indicates spinal muscular atrophy.
will show similar sustainability, these results do stress the impor-
tance of assessing the effects of relapses on the ICER. A relapse
scenario analysis in the CER Institute study where fixed proportions
(10%, 20%, or 30%) of patients able to sit lost treatment effects
directly after treatment resulted in slightly higher ICERs. The study
presented here evaluated a wide range of possible levels of treat-
ment sustainability to assess the effect of relapses on the ICER.

For accurate reimbursement decisions, early modeling is
necessary to inform decision makers on the cost-effectiveness of
the new therapy. Although reimbursement decisions are made on
a country-level basis, the effectiveness of the therapy and effects
of relapses on the ICER will be comparable in all countries. In this
study, the Dutch setting will be studied. Since only results of a
study on onasemnogene abeparvovec treatment with SMA I is
currently published, only SMA I will be included in this study.

Based on literature and the health technology assessment re-
ports provided by ZIN and the CER Institute, the goal of this study
was to compare the cost-effectiveness of onasemnogene abe-
parvovec to BSC and nusinersen for the treatment of SMA I. In
addition, the effect of a lack of sustained curative properties of
onasemnogene abeparvovec on cost-effectiveness estimates was
explored.
Methods

General

To model the lifespan of patients with SMA I and take into
account the possibilities of relapse after treatment, a micro-
simulation model was built in R version 3.6.1.19 The model code
was adapted from the microsimulation tutorial published by the
Decision Analysis in R for Technologies in Health (DARTH) work-
group.20 Information from previously published cost-effectiveness
studies of onasemnogene abeparvovec and nusinersen2,7,16 was
used to construct the model. A graphical overview of the model
structure can be found in Figure 1. The model contains 5 health
states, including death as an absorbing state. Health states 1-3
reflected health states corresponding to SMA I-III, with an addi-
tional health state 0 for patients with SMA I in need of permanent
ventilation, defined as need of ventilatory assistance for at least 16
hours for 14 or more days.7 The possibility for relapse based on
individual patient survival time required the construction of a
microsimulation, whereas transition probabilities are retrieved
from published survival curves. The base-case model (without
relapse possibilities) therefore functions similarly to a partitioned
survival model.

The base-case model presented in this article does not behave
as a classical microsimulation where all individuals in the model
have unique characteristics. The basis of the survival estimates are
parametric survival curves obtained from published Kaplan-Meier
curves, similar to a partitioned survival model. These parametric
functions are translated to transition probabilities per cycle in the
model. This approach was taken because to implement survival
adequately in the relapse analysis the moment of relapse needed
to be traced.

Clinical Trials

Treatment of patients with SMA I with nusinersen has been
studied in the ENDEAR (NCT02193074) clinical trial.5 This is a
phase III randomized, placebo-controlled clinical trial including
122 patients, with a median follow-up of 394 days. At the start of
the trials, all patients were diagnosed with SMA I, corresponding
to health state 1. At the end of the trial, 69 (56.41%) patients in the
treated arm remained in health state 1, 23 (18.59%) patients in

https://clinicaltrials.gov/ct2/show/NCT02193074


Table 1. Input parameters for the base-case analysis.

Variable Base Min Max Distribution Source

Mean age (months) 3.4 Fixed [12]

Mean weight (kg) 5.7 Fixed [12]

Sex: male (%) 42 Fixed [12]

Time horizon (years) 100 Fixed NA

Discount rate costs 0.04 0 0.08 Fixed [21]

Discount rate effects 0.015 0 0.03 Fixed [21]

Utility values

SMA I 0.733 0.714 0.753 Beta [2]

SMA II 0.752 0.721 0.783 Beta [2]

SMA III 0.878 0.821 0.993 Beta [2]

Permanent ventilation 0.733 0.714 0.753 Beta [2]

Costs treatment arms

SMA I V 9,936 V 6,240 V 11,086 Gamma [2], [22]

SMA II V 10,526 V 7,894 V 13,158 Gamma [2], [22]

SMA III V 5,863 V 4,397 V 7,329 Gamma [2], [22]

Permanent ventilation V 15,201 V 14,331 V 17,023 Gamma [2], [22]

Drug costs

Onasemnogene abeparvovec V 2,000,000 V 1,500,000 V2,500,000 Gamma Placeholder price

Administration costs V 1,336.11 Fixed [23]

Nusinersen V 83,300 V 62475 V 104,125 Gamma [2]

Administration costs V 1,004 Fixed [2]

Costs BSC arm

SMA I V 11,047 V 10,378 V 12,334 Gamma [2], [22]

SMA II V 10,526 V 7,894 V 13,158 Gamma [2], [22]

SMA III V 5,863 V 4,397 V 7,329 Gamma [2], [22]

Permanent ventilation V 15,201 V 14,331 V 17,023 Gamma [2], [22]

Transition parameters

SMA I -. Death (Treatment) Weibull [3]

Intercept 4.167065 3.526969 4.784291

Scale 1.37909 0.9402944 2.0038042

SMA I -. EFS (BSC) Exponential [5]

Intercept 2.922773 2.544759 3.295987

SMA I -. OS (BSC) Weibull [5]

Intercept 4.248068 3.160661 5.296624

Scale 0.5290965 0.3363636 0.8147468

SMA II -. Death Weibull [24]

Intercept 3.83344 3.645634 4.014528

Scale 0.5028791 0.4037954 0.6200652

SMA III -. Death - [25]

Derived from Dutch general population
survival

Treatment effects (starting health states)

Onasemnogene abeparvovec

1 0.08 Dirichlet [12]

2 0.59 Dirichlet [12]

3 0.33 Dirichlet [12]

0 0 Dirichlet [12]

continued on next page
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Table 1. Continued

Variable Base Min Max Distribution Source

Nusinersen

1 0.5641 Dirichlet [5]

2 0.1859 Dirichlet [5]

3 0 Dirichlet [5]

0 0.25 Dirichlet [5]

BSC

1 0.68 Dirichlet [7]

2 0 Dirichlet [7]

3 0 Dirichlet [7]

0 0.32 Dirichlet [7]
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health state 2, and 30 (25%) needed permanent ventilation, cor-
responding to health state 0. No patients reached health state 3.
The placebo group showed no improvement; that is, all remained
in the health state they were in at the start of the study, with 28
patients (68%) in health state 1, and 13 (32%) in health state 0 in
need of permanent ventilation. Onasemnogene abeparvovec was
studied in the STRIVE (NCT03461289) clinical trial, a 1-arm trial
with historical control.11,12 Twelve patients were enrolled in the
study and followed up for 2 years. At the end of the trial, 1 patient
(8%) was in a condition corresponding to health state 1, 7 (59%) in
health state 2, and 4 (33%) in health state 3. No patients needed
permanent ventilation.

Target Population and Model Setting

The target population is infants born with SMA I, as included in
the STRIVE clinical trial.12 Since only the high-dose cohort was
continued in further trials,12 results from these patients were used
to build the model population. This cost-effectiveness analysis was
performed for The Netherlands, with a societal perspective. As
comparators, both BSC and treatment with nusinersen were used.

Treatment Effect

Patients with SMA I who get treated enrolled in the model in
one of the health states (reflecting SMA I-III) proportional to the
outcomes of the ENDEAR5 or STRIVE12 clinical trials after treat-
ment with nusinersen or onasemnogene abeparvovec, respec-
tively. Because all patients at baseline had SMA I, patients in the
BSC arm enrolled in health state 1. The proportion of patients in
each health state in the BSC scenario is derived from ENDEAR,5

since in this trial a placebo group was included, whereas the
STRIVE trial used a historical comparison.12 At the end of the
ENDEAR clinical trial, 25% of patients in the nusinersen arm
needed permanent ventilation. Based on the report by the CER
Institute, patients in the treatment arms were assumed not to
regress health state 0 after the clinical trial ended, as deemed
reasonable by clinical experts in the study.7 In the BSC arm, 32%
needed permanent ventilation at the end of the ENDEAR trial,5

which is reflected in the starting health states of the model. Dis-
tribution of patients among starting health states can be found in
Table 1.

No information is known on long-term effectiveness of ona-
semnogene abeparvovec and nusinersen. Therefore, in the base-
case analysis, patients were assumed to stay in their respective
health states until they die. In a scenario analysis, the effect of
relapsing to a lower health state was explored. For an overview of
assumptions made in this model, see Appendix 1 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2020.09.021.
Reporting of this model is done according to the Consolidated
Health Economic Evaluation Reporting Standards statement.25 All
the R codes can be found at https://github.com/TFBroekhoff/
SMACostEff.

Time Horizon and Cycle Length

For this model, a lifetime horizon of 100 years was chosen,
with monthly cycles. Because patients in the health states 1 and
permanent ventilation have a general survival of up to 2 years,
monthly cycles give the necessary detail to accurately model
survival. A lifetime horizon is needed because survival with SMA
III equals survival of the general population.1,21

Discount Rate

Costs were discounted at a yearly rate of 4%, and utilities at a
yearly rate of 1.5%, as per HTA guidelines provided by the Dutch
National Health Care Institute.26

Treatment Structure

Onasemnogene abeparvovec is a gene therapy, administered
once early in the lifespan of patients via intravenous injection.
Nusinersen is given intrathecally. Treatment starts with 4 loading
doses in the first 2 months of treatment, with an additional dose
every 4 months thereafter until death. BSC in The Netherlands
entails ventilatory and nutritional assistance and physiotherapy.27

Health Outcomes

In the STRIVE clinical trial, the Children’s Hospital of Phila-
delphia Infant Test of Neuromuscular Disorders score was used to
assess the improvement of patients treated with onasemnogene
abeparvovec. This same score is used in the ENDEAR trial studying
nusinersen.5 This score is used to report health outcomes in the
clinical trials. In this study, the scores were converted to place
patients in 1 of the 3 included SMA types in the model. In the
base-case analysis, patients remained in their assigned health
state until death.

Health State Utilities

Each health state was assigned a utility value. The health state
utilities in the base-case model were taken from the ZIN model.2

Another published cost-effectiveness study comparing ona-
semnogene abeparvovec with nusinersen in the United States
used the same values.15 The CER Institute Model used different
utility values, taken from Thompson et al28 and Tappenden et al23

https://clinicaltrials.gov/ct2/show/NCT03461289
https://doi.org/10.1016/j.jval.2020.09.021
https://github.com/TFBroekhoff/SMACostEff
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Table 2. Results of the base-case analysis.

Costs MCSE (%) QALYs MCSE (%) Incremental
Costs

MCSE (%) QALYs
Gained

MCSE (%) ICER

BSC 922130 9365 (1.02) 4.415 0.052 (1.18)

Onasemnogene
abeparvovec

4024879 7424 (0.18) 26.757 0.136 (0.51) 3102749 12021 (0.39) 22.342 0.146 (0.65) 138875

BSC 922130 9365 (1.02) 4.415 0.052 (1.18)

Nusinersen 3002379 28279 (0.94) 7.625 0.089 (1.17) 2080249 29831 (1.43) 3.211 0.104 (3.24) 647850

Nusinersen 3002379 28279 (0.94) 7.625 0.089 (1.17)

Onasemnogene
abeparvovec

4024879 7424 (0.18) 26.757 0.136 (0.51) 1022499 28804 (2.82) 19.131 0.156 (0.82) 53447

BSC indicates best supportive care; ICER, incremental cost-effectiveness ratio; MCSE, MoneteMonte Carlo Squared Error; QALY, quality-adjusted life-year; SMA, spinal
muscular atrophy.
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and US general population utility. Also, in the CER Institute model,
assumptions were made on improved utility after treatment,
regardless of health state, based on assumed improvement on
unmeasured treatment milestones. The utilities used by CER
Institute were used in a scenario analysis. Input parameters for the
base-case analysis can be found in Table 1. The scenario input
values are listed in Appendix 2 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.09.021.

Costs

Because no price for onasemnogene abeparvovec in The
Netherlands is known, a placeholder price of V2 000 000 was
used. This placeholder price is based on the list price of ona-
semnogene abeparvovec in the United States of $2.125 million.13

Onasemnogene abeparvovec is administered via intravenous
infusion. In The Netherlands, the expertise center for patients with
SMA is the University Medical Center Utrecht. The mean price
listed for an intravenous treatment for patients who do not stay
longer than 1 day in the University Medical Center Utrecht tariff
list22 was used for administration costs. For nusinersen, treatment
costs per infusion according to the ZIN model2 was used (V83
300).

The health state costs, including costs for additional care apart
from treatment and non-healthcare costs, such as informal care
and lost productivity, are derived from the ZIN report, which uses
cost calculations by Klug et al.29 Additional detailed information
regarding costs implemented to adhere to the societal perspective
can be found in Appendix 3 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.09.021. Costs were inflated to
2019 cost levels using inflation data.30 For patients with SMA I,
death usually comes after a period of increased pulmonary
symptoms.1 To account for the extra needed health care costs in
this period, the equivalent of 3 months’ worth of health expenses
for permanent ventilation were added when a patient dies. Input
parameters for costs can be found in Table 1.

Transition Probabilities

State transitions probabilities were estimated using parametric
survival modeling. Published Kaplan-Meier curves were converted
to parametric survival functions using the algorithm published by
Hoyle and Henley.31 Final survival curves were chosen based on
the Akaike information criterion, the Bayesian information crite-
rion, and a visual inspection of fit. Transition probabilities per
cycle were obtained by dividing the proportion of patients alive at
timepoint t by the proportion alive at t – 1. At each cycle, a
multivariate normal distribution was used to place individuals in
health states for the next cycle according to the respective tran-
sition probabilities. For states 2, 3, and permanent ventilation,
possibilities were to remain in the same health state or to die, with
different probabilities per health state. In health state 1, in-
dividuals could additionally transition into permanent ventilation.
A detailed description of the mechanism distributing patients
among health states at each cycle is given in the tutorial paper by
Decision Analysis in R for Technologies in Health.20 SMA I survival
and transition to need of permanent ventilationwere based on the
overall survival (OS) and event-free survival (EFS) curves of the
sham control arm in the ENDEAR clinical trial, with events being
need of permanent ventilation.5 The EFS and OS in this study were
used to calculate the probability of needing permanent ventilation
for the BSC arm by calculating the difference in the proportion of
patients remaining in the EFS curve from the OS curve for each
timepoint. Survival on permanent ventilation, and SMA I after
treatment, was obtained from the noninvasive respiratory aid arm
in the study by Gregoretti et al.3 This survival curve shows longer
survival than the SMA I BSC arm in the ENDEAR trial, and it is used
for the treatment arm to incorporate assumed treatment benefits.
A more detailed explanation of this assumption is given in the CER
Institute report.7 SMA II survival was modeled after Zerres et al.31

SMA III survival was based on general survival of the Dutch pop-
ulation,21 based on previous research.7 It is not yet known
whether patients will improve or relapse later in life. Therefore, all
patients were assumed to remain in their respective health states
until death, except patients in the BSC arm deteriorating to need
of permanent ventilation. All survival parameters can be found in
Table 1. Further explanation of parametric survival estimation
with survival curves and probabilities overlaid with published
Kaplan-Meier curves can be found in Appendix 4 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2020.09.021.

Analysis

Using this model, the costs and QALYs were calculated for
patients undergoing treatment with onasemnogene abeparvovec
or nusinersen or receiving BSC. The results from the simulations
were combined to calculate the ICER in V/QALY for all possible
combinations.32

Sensitivity Analyses

To examine the impact of specific parameters on the outcome,
a stepwise deterministic sensitivity analysis was conducted with 7
steps for the lower and upper bound. Used parameters, with
associated uncertainty distributions, can be found in Table 1. To
evaluate the parameter uncertainty in the model, a probabilistic

https://doi.org/10.1016/j.jval.2020.09.021
https://doi.org/10.1016/j.jval.2020.09.021
https://doi.org/10.1016/j.jval.2020.09.021


Figure 2. Trace plots of the microsimulation. The y-axis shows the proportion of individuals in a health state. The x-axis represents time
in months. Left hand side: trace plots for the full time horizon. Right hand side: zoomed in on the first 50 months. BSC indicates best
supportive care; SMA, spinal muscular atrophy.
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sensitivity analysis (PSA) was conducted using 10 000 Monte
Carlo simulations. Input parameter values were simultaneously
sampled according to their uncertainty distributions. For the state
transitions, Cholesky decomposition matrices were used to ac-
count for correlation between survival function parameters in
calculating random survival probabilities. In some of the itera-
tions, survival in health state 2 surpassed health state 3, which is
based on general survival. Since living longer in health state 2
with higher disability compared to health state 3 is unlikely in
this setting, health state 2 survival was modeled to always be
equal to or lower than health state 3 survival. The results from the
PSA were used to construct a cost-effectiveness acceptability
curve (CEAC) to assess the uncertainty around the cost-
effectiveness at different WTP thresholds.

Scenario Analyses

Because the long-term effectiveness of gene therapies is not
yet known, the possibility of relapsing after treatment with ona-
semnogene abeparvovec was explored in a scenario analysis. Used
probabilities per cycle were 0.001, 0.0025, 0.005, 0.01, 0.025, and
0.05. The period after which a relapse could occur was also varied,
starting from 1 year after treatment until 99 years using intervals
of 1 year. Because survival data after relapse were not available,
survival probabilities in the health state after a relapse were
assumed equal to being assigned this health state at the start of
the model. In another scenario analysis, the health state utility
values as used by CER Institute7 were used in the model. Given the
large time horizon and the fact that different HTA organizations
recommend different discount rates, a third scenario analysis in-
cludes an annual discount value of 3.5% for both costs and utilities,
based on guidelines provided by the National Institute of Health
and Care Excellence.33
Results

Incremental Costs and Outcomes

Base-case results of the models can be found in Table 2. For
onasemnogene abeparvovec compared with BSC, incremental
costs were V3 102 749, and incremental QALYs 22.342, resulting in
an ICER of V138 875/QALY. For nusinersen compared with BSC,
incremental costs were V2 080 249, and incremental QALYs 3.211,
which gave an ICER of V647 850/QALY, thus being extendedly
dominated by onasemnogene abeparvovec. Onasemnogene abe-
parvovec compared to nusinersen resulted in incremental costs of
V1 022 499 and 19.131 incremental QALYs, leading to an ICER of
V53 477/QALY. Trace plots of distribution of patients over health
states for the base-case model can be found in Figure 2.

Sensitivity Analysis

In the stepwise deterministic sensitivity analysis, for all com-
parisons, discounting of costs and effects had the strongest in-
fluence on the ICER, as can be seen in Figure 3. In both
comparisons with nusinersen, survival in health state 1 was also



Figure 3. Results of the stepwise deterministic sensitivity analysis showing the influence of varying separate parameters in the model
on the base-case incremental cost-effectiveness ratio as described in Table 2. Gray dotted line: uncertainty around the base-case
estimate, as Monte Carlo squared error. (A) Onasemnogene abeparvovec vs BSC. (B) Nusinersen vs BSC. (C) Onasenmogene abeparvovec
vs nusinersen. BSC, best supportive care; ICER, incremental cost-effectiveness; rob, probability; perm. ventilation, need of permanent
ventilatory assistance.
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an important driver of the ICER. Price of treatment had a notable
influence in all comparisons.

Results of the PSA can be found in Figure 4. The CEACs can be
found in Appendix 5 in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2020.09.021. In a small number of cases
(1.12%), nusinersen was dominated by BSC, and in a larger number
of cases (11.1%), onasemnogene abeparvovec dominated nusi-
nersen. This caused the CEACs with nusinersen never to reach 0 or
100%.

At a WTP of V80 000/QALY, as is applicable for diseases with
high burden in The Netherlands,34 onasemnogene abeparvovec
had 0.0002% chance of being cost-effective and nusinersen 0.01%,
both compared with BSC. To comply with aWTP of V80 000/QALY,
the price of onasemnogene abeparvovec should not exceed
V680 000.

Scenario Analyses

Higher probability and earlier start of relapse both increased
the ICER (see Figure 5A). As seen in Figure 5B, all relapse proba-
bilities showed similar relations of the ICER with relapse start
time, with differing levels of magnitude up to a factor 6.

Using the utility values from the CER Institute report, which
are lower than the ZIN values, the incremental QALYs for ona-
semnogene abeparvovec versus BSC were 23.572, for nusinersen/
BSC 2.979, and for onasemnogene abeparvovec versus nusinersen
20.773, resulting in ICERs for onasemnogene abeparvovec versus
BSC of V130 630/QALY, for nusinersen/BSC of V698 281/QALY, and
for onasemnogene abeparvovec/nusinersen of V49 222/QALY.
More detailed results can be found in Appendix 6 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2020.09.021.
With an equal discount value of 3.5% for both costs and utili-
ties, the ICERs are higher than with the discount values 4% for
costs and 1.5% for utilities. The ICER for onasemnogene abe-
parvovec versus BSC is V227 690/QALY, for nusinersen versus BSC
V994 192/QALY, and for onasemnogene abeparvovec versus
nusinersen V863 70/QALY. A table with more detailed results is
listed in Appendix 7 in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2020.09.021.
Discussion

Based on this cost-effectiveness model for the treatment of
patients with SMA I, onasemnogene abeparvovec has an ICER
compared with BSC of V138 875/QALY. Both therapies are not
cost-effective under Dutch WTP standards. Compared with nusi-
nersen, onasemnogene abeparvovec has an ICER of V53 447/QALY.
When relapses occur early after treatment, the ICER can increase
up to 6-fold.

The ICER of onasemnogene abeparvovec compared with nusi-
nersen was V53 447/QALY, similar to findings from in the United
States.7 This cost-effective ICER can be partially explained by the
higher effectivity of onasemnogene abeparvovec, but also by the
different cost distribution of both treatments. Where onasemno-
gene abeparvovec is administered once, total treatment costs of
nusinersen increase as patients live longer. Not accounting for
discounting, with a price of V83 300 per vial, 6.6 years of survival
would be needed for nusinersen to surpass the estimated ona-
semnogene abeparvovec treatment cost of V2 million. This
calculation does not include additional costs associated with SMA
treatment.

https://doi.org/10.1016/j.jval.2020.09.021
https://doi.org/10.1016/j.jval.2020.09.021
https://doi.org/10.1016/j.jval.2020.09.021
https://doi.org/10.1016/j.jval.2020.09.021
https://doi.org/10.1016/j.jval.2020.09.021


Figure 4. Cost-effectiveness plane for the three simulated scenarios. BSC indicates best supportive care; prob, probalistic; QALY,
quality-adjusted life-year.
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In the ZIN report,2 the ICER of nusinersen versus BSC is
V502 289/QALY, which is lower than the ICER of V647 850/
QALY reported here. The difference in ICERs can be explained by
the difference in model-building approaches. The ZIN model
used a different model structure with more health states. The
model structure in this study was adapted from the CER Insti-
tute report, where both nusinersen and onasemnogene abe-
parvovec were modeled. Also, in the ZIN model, an assumption
was made where the health of 8% of patients worsened over
time.

In this article, nusinersen is shown to be extendedly domi-
nated by onasemnogene abeparvovec. However, it should be
noted that the prices used in this study are the publicly available
list prices. Confidential price negotiations have taken place in The
Netherlands for nusinersen. Negotiations are also likely for ona-
semnogene abeparvovec. Whether onasemnogene abeparvovec
will extendedly dominate nusinersen after these price negotia-
tions remains unknown.

At the modeled price of V2 000 000, onasemnogene abe-
parvovec is not cost-effective under WTP thresholds in The
Netherlands. To comply with the limit of V80 000/QALY, the price
should not exceed V680 000. However, for orphan drugs the V80
000/QALY threshold is not necessarily an absolute limit in The
Netherlands, since other therapies with very high ICERs, such as
eculizumab or lumacaftor/ivacaftor, are also reimbursed after
confidential price negotiations between the Ministry of Health
and the manufacturer.35,36

For another gene therapy, the manufacturer expected treat-
ment effects to last up to 8 years.17,18 Would this be the case for
onasemnogene abeparvovec, the ICER could increase up to 2.76
times. Currently, the longest published follow-up is 2 years,12 with
longer studies underway.37-39 Although the exact ICERs presented
here are applicable only to the Dutch setting, the order of
magnitude of the effect of relapses on the ICER are highly relevant
for other countries that consider cost-effectiveness.

When evaluating therapies for reimbursement, the budget
impact must also be considered. In The Netherlands, around 10
patients with SMA I are born per year,2 leading to a budget impact
of V20 million per year. With the cost-effective price of V680 000,
the budget impact will be V6.8 million per year. In The
Netherlands, cost-effectiveness analyses are not obligatory when
the budget impact is smaller than 10 million euros.

Although the ICER of onasemnogene abeparvovec/nusinersen
lies below the V80 000/QALY threshold, it should be noted that
these 2 treatments both are not cost-effective compared to current
standard of care, being BSC. Basing reimbursement on a compar-
ison with a cost-ineffective therapy will lead to cost-ineffective
care compared to BSC. Additionally, nusinersen has been subject
to confidential price negotiations in The Netherlands, further
complicating the comparison of onasemnogene abeparvovec with
nusinersen, as a lower price for nusinersenwould result in a larger
ICER, possibly above the threshold.

Because no data are available on relapse of gene therapies,
analyses like these are needed to gain insight in the effects of
relapsing on cost-effectiveness. Although this analysis is done on
treatment with onasemnogene abeparvovec, it can be assumed
that the association between ICER and relapse for other one-time
treatments will follow a similar pattern (but not necessarily a
similar magnitude), with the effect of relapses on the ICER
decreasing when relapses occur later.



Figure 5. (A) Association between year after which relapses can occur, and incremental cost-effectiveness ratios proportional to the
base-case estimate of V138 875/quality-adjusted life-year. (B) Plotting the relapse probabilities on separate axes illustrates the similar
pattern through which the ICER decreases as relapses occur later after treatment. ICER indicates incremental cost-effectiveness ratio.
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To reimburse high-cost therapies, various strategies can be
used.40 The microsimulation presented here can be expanded to
assess the ability of reimbursement mechanisms such as annuity
payments41 and pay-for-performance42 to control healthcare
spending. A pay-for-performance component in an annuity pay-
ment scheme, where payments cease or lower when the treat-
ment effect diminishes, can help in lowering expenses and
spreading budget impact.

The EMA recently published a positive opinion regarding ona-
semnogene abeparvovec.9 This means that a reimbursement deci-
sion on onasemnogene abeparvovec will soon have to be made,
requiring cost-effectiveness models to be developed. Although
these models are built on limited information, they do provide
important insights in the cost-effectiveness of a therapy and can
expose caveats in current knowledge about the studied treatment.

Possibly, patients may be treated with both onasemnogene
abeparvovec and nusinersen.7 No studies have been done on this
treatment combination, so it could not be included in this analysis.
Since this would greatly increase treatment costs, decision makers
should be mindful of this possibility.

Limitations

Information on the clinical efficacy of onasemnogene abe-
parvovec was limited. Only 1 phase I clinical trial was published at
the time of model development,11 conducted with 2 years of
follow-up in 12 patients with historical control. Therefore, many
assumptions on survival and long-term effectiveness had to be
made. Owing to this uncertainty, survival in health state 2 could
turn out higher than in health state 3 in the PSA without adjust-
ment. This substantial uncertainty also leads to a small number of
unlikely cases where BSC dominates nusinersen. Different levels of
long-term effectiveness have been analyzed in the relapse sce-
nario analysis. Results of ongoing phase 3 and long-term trials36-38

may provide data for more accurate cost-effectiveness estimation.
However, reimbursement decisions will soon have to be made
based on the same limited information. This study provides an
early insight in the potential cost-effectiveness of onasemnogene
abeparvovec in different scenarios.

No direct data on a comparison of onasemnogene abeparvovec
and BSC were available; hence a naïve comparison derived from
BSC data of the ENDEAR trial was used. Because in these trials
different patient populations were included, and treatment was
administered at different times, a direct comparison cannot be
made. However, it is still informative to assess the differences
between onasemnogene abeparvovec and BSC for decision
makers. This approach was adapted from the model used by CER
Institute, where it is explained in more detail.7,8

In the base-case model, patients were assumed to stay in their
respective health states until death. The treatment cost of ona-
semnogene abeparvovec is currently a placeholder price, derived
from the CER Institute study,7 since the actual price in The
Netherlands is still unknown. When the price becomes available,
the analysis can easily be redone by adjusting the treatment cost.
Performing this analysis is important, since treatment price is the
most influential variable on the ICER of onasemnogene abe-
parvovec versus BSC, apart from discounting of costs and effects,
as seen in the deterministic sensitivity analysis.
Conclusion

Under Dutch WTP thresholds, treatment of SMA I with
onasemnogene abeparvovec is not cost-effective compared to BSC.
Compared to nusinersen, onasemnogene abeparvovec is
cost-effective. This modeling study, based on preliminary effec-
tiveness results, gives an early insight in the potential
cost-effectiveness of onasemnogene abeparvovec in different
scenarios. Decision makers should be aware of these scenarios and
the potential consequences of these scenarios when making
reimbursement decisions about SMA treatments. When relapses
would occur within 10 years after treatment, the ICER will in-
crease 1.5-6-fold, depending on the probability of relapse.

Supplemental Material

Supplementary data associated with this article can be found in the
online version at https://doi.org/10.1016/j.jval.2020.09.021.

Article and Author Information

Accepted for Publication: September 30, 2020

Published Online: March 31, 2021

doi: https://doi.org/10.1016/j.jval.2020.09.021

Author Affiliations: Division of Pharmacoepidemiology and Clinical
Pharmacology, Utrecht Institute for Pharmaceutical Sciences, Utrecht
University, Utrecht, The Netherlands (Broekhoff, Mantel-Teeuwisse,
Leufkens, Goettsch, Vreman); The National Health Care Institute, Diemen,
The Netherlands (Sweegers, Goettsch, Vreman); Department of Epidemi-
ology, Erasmus MC, Rotterdam, The Netherlands (Krijkamp).

Correspondence: Wim G. Goettsch, PhD, Division of Pharmacoepidemi-
ology and Clinical Pharmacology, Utrecht Institute for Pharmaceutical Sci-
ences (UIPS), Utrecht University, P.O. Box 80082, 3508 TB Utrecht, The
Netherlands. Email: w.g.goettsch@uu.nl

Author Contributions: Concept and design: Mantel-Teeuwisse, Leufkens,
Goettsch, Vreman
Acquisition of data: Broekhoff
Analysis and interpretation of data: Broekhoff, Krijkamp, Vreman
Drafting of the manuscript: Broekhoff, Sweegers, Krijkamp, Mantel-
Teeuwisse, Leufkens, Goettsch, Vreman
Critical revision of the paper for important intellectual content: Broekhoff,
Sweegers, Krijkamp, Mantel-Teeuwisse, Leufkens, Goettsch, Vreman
Statistical analysis: Broekhoff, Vreman
Supervision: Mantel-Teeuwisse, Leufkens, Goettsch, Vreman
Other (critical revision of the paper from an HTA perspective): Sweegers

Conflict of Interest Disclosures: Dr Leufkens is a member of the Lygature
Leadership Team. No other disclosures were reported.

Funding/Support: Ms Krijkamp was supported by the Society for Medical
Decision Making fellowship through a grant by the Gordon and Betty
Moore Foundation, United States (GBMF7853).

Role of the Funder/Sponsor: The funder had no role in the design and
conduct of the study; collection, management, analysis, and interpretation
of the data; preparation, review, or approval of the manuscript; and de-
cision to submit the manuscript for publication.

REFERENCES
1. Amico AD, et al. Spinalmuscular atrophy.Orphanet J Rare Dis. 2011;6(71):1–10.
2. Pakketadvies nusinersen bij SMA. Zorginstituut Nederland; 2018. https://

www.zorginstituutnederland.nl/publicaties/adviezen/2018/02/07/pakketad
vies-nusinersen-spinraza-voor-de-behandeling-van-spinale-musculaire-
atrofie-sma. Accessed June 13, 2019.

3. Gregoretti C, Ottonello G, Testa MBC, et al. Survival of patients with spinal
muscular atrophy type 1. Pediatrics. 2013;131(5):e1509–e1514.

4. Mercuri E, Darras BT, Chiriboga CA, et al. Nusinersen versus sham control
in later-onset spinal muscular atrophy. N Engl J Med. 2018;378(7):625–635.

5. Finkel RS, Mercuri E, Darras BT, et al. Nusinersen versus sham control in
infantile-onset spinal muscular atrophy. N Engl J Med. 2017;377(18):
1723–1732.

https://doi.org/10.1016/j.jval.2020.09.021
http://doi.org/https://doi.org/10.1016/j.jval.2020.09.021
mailto:w.g.goettsch@uu.nl
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref1
https://www.zorginstituutnederland.nl/publicaties/adviezen/2018/02/07/pakketadvies-nusinersen-spinraza-voor-de-behandeling-van-spinale-musculaire-atrofie-sma
https://www.zorginstituutnederland.nl/publicaties/adviezen/2018/02/07/pakketadvies-nusinersen-spinraza-voor-de-behandeling-van-spinale-musculaire-atrofie-sma
https://www.zorginstituutnederland.nl/publicaties/adviezen/2018/02/07/pakketadvies-nusinersen-spinraza-voor-de-behandeling-van-spinale-musculaire-atrofie-sma
https://www.zorginstituutnederland.nl/publicaties/adviezen/2018/02/07/pakketadvies-nusinersen-spinraza-voor-de-behandeling-van-spinale-musculaire-atrofie-sma
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref3
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref3
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref4
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref4
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref5
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref5
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref5


ECONOMIC EVALUATION 769
6. Zorginstituut Nederland. Nusinersen (Spinraza®) per 1 januari 2020 voor-
waardelijk toegelaten voor patiënten met SMA van 9,5 jaar en ouder. https://
www.zorginstituutnederland.nl/actueel/nieuws/2019/12/11/nusinersen-spin
raza-per-1-januari-2020-voorwaardelijk-toegelaten-voor-patienten-met-sma
-van-95-jaar-en-ouder. Accessed April 10, 2020.

7. Ellis AG, Mickle K. Spinraza and Zolgensma for spinal muscular atrophy:
effectiveness and value. Boston, USA: Institute for Clinical and Economic
Review; 2019.

8. Pearson SD, Thokala P, Stevenson M, et al. The effectiveness and value of
treatments for spinal muscular atrophy. J Manag Care Spec Pharm.
2019;25(12):1300–1306.

9. FDA. Zolgensma. https://www.fda.gov/vaccines-blood-biologics/zolgensma.
Accessed June 20, 2019.

10. European Medicines Agency. Zolgensma. https://www.ema.europa.eu/en/
medicines/human/EPAR/zolgensma. Accessed July 15, 2020.

11. Mendell JR, Al-Zaidy S, Shell R, et al. Single-dose gene-replacement therapy for
spinal muscular atrophy. N Engl J Med. 2017;377(18):1713–1722.

12. Al-Zaidy S, Pickard AS, Kotha K, et al. Health outcomes in spinal muscular
atrophy type 1 following AVXS-101 gene replacement therapy. Pediatr Pul-
monol. 2019;54(2):179–185.

13. Salzman R, Cook F, Hunt T, et al. Addressing the value of gene therapy and
enhancing patient access to transformative treatments.Mol Ther. 2018;26(12):
2717–2726.

14. The Guardian. $2.1m Novartis gene therapy to become world’s most expen-
sive drug. https://www.theguardian.com/science/2019/may/25/21m-
novartis-gene-therapy-to-become-worlds-most-expensive-drug. Accessed
April 9, 2020.

15. Clinicaltrials.gov. A study of risdiplam in infants with genetically diagnosed
and presymptomatic spinal muscular atrophy (rainbowfish). https://
clinicaltrials.gov/ct2/show/NCT03779334?term=risdiplam&draw=2&rank=3.
Accessed January 15, 2020.

16. Malone DC, Dean R, Arjunji R, et al. Cost-effectiveness analysis of using
onasemnogene abeparvocec (AVXS-101) in spinal muscular atrophy type 1
patients. J Mark Access Heal Policy. 2019;7(1):1601484.

17. Pasi KJ, Rangarajan S, Mitchell N, et al. Multiyear follow-up of AAV5-hFVIII-
SQ gene therapy for hemophilia A. N Engl J Med. 2020;382(1):29–40.

18. Mathias T, Humer C. BioMarin says data shows hemophilia gene therapy
effects could wane. https://www.reuters.com/article/us-biomarin-pharma-
study/biomarin-says-data-shows-hemophilia-gene-therapy-effects-could-w
ane-idUSKCN1SY2IX. Accessed January 24, 2020.

19. R Core Team (2019). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. https://
www.R-project.org/.

20. Krijkamp EM, Alarid-Escudero F, Enns EA, et al. Microsimulation modeling for
health decision sciences using R: a tutorial. Med Decis Mak. 2018;38(3):400–
422.

21. CBS. StatLine - Overlevingskansen; geslacht, leeftijd. https://opendata.cbs.nl/
statline/#/CBS/nl/dataset/70701ned/table?dl=29BD5. Accessed October 28, 2019.

22. UMC Utrecht. Passantenprijslijst. https://www.umcutrecht.nl/nl/Ziekenhuis/
In-het-ziekenhuis/Afspraak-maken-en-wijzigen/Kosten/Passantenprijslijst-2
019-versie-website-UMC-Utrech.aspx. Accessed October 20, 2019.

23. Tappenden P, Hamilton J, Kaltenthaler E, et al. Nusinersen for treating spinal
muscular atrophy: A Single Technology Appraisal. School of Health and Related
Research (ScHARR); 2018.

24. Hoyle MW, Henley W. Improved curve fits to summary survival data:
application to economic evaluation of health technologies. BMC Med Res
Methodol. 2011;11(139):1–14.
25. Husereau D, et al. Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) statement. BMJ. 2013;346:1–6.

26. Zorginstituut Nederland. Guideline for economic evaluations in healthcare.
2016:1–45.

27. Arts WFM, Cobben JM. Spinale musculaire atrofie type 1 diagnose en
behandeling. https://www.spierziekten.nl/overzicht/spinale-musculaire-
atrofie-type-1/diagnose-en-behandeling/. Accessed January 29, 2020.

28. Thompson R, Vaidya S, Teynor M. The utility of different approachs to
developing health utilities data in childhood rare diseases: a case study in
spinal muscular atrophy (SMA). Value Health. 2017;20(9):A725–A726.

29. Klug C, Schreiber-Katz O, Thiele S, et al. Disease burden of spinal muscular
atrophy in Germany. Orphanet J Rare Dis. 2016;11(1):1–9.

30. Inflation.eu. Historische inflatie Nederland - CPI inflatie. https://nl.inflation.
eu/inflatiecijfers/nederland/historische-inflatie/cpi-inflatie-nederland.aspx.
Accessed November 7, 2019.

31. Zerres K, Rudnik-Schöneborn S, Forrest E, et al. A collaborative study on the
natural history of childhood and juvenile onset proximal spinal muscular
atrophy (type II and III SMA): 569 patients. J Neurol Sci. 1997;146(1):
67–72.

32. Cohen DJ, Reynolds MR. Interpreting the results of cost-effectiveness studies.
J Am Coll Cardiol. 2008;52(25):2119–2126.

33. National Institute for Health and Clinical Excellence The Guidelines Manual.
London: National Institute for Health and Clinical Excellenc; 2012.

34. van Saasse L, Zorginstituut Nederland. Cost-effectiveness in practice. Zorgin-
stituut Nederland; 2015. https://english.zorginstituutnederland.nl/
publications/reports/2015/06/16/cost-effectiveness-in-practice. Accessed
September 30, 2019.

35. Zorginstituut Nederland. Orkambi®: van beoordeling tot vergoeding. https://
www.zorginstituutnederland.nl/publicaties/publicatie/2017/10/26/orkambi-
van-beoordeling-tot-vergoeding. Accessed April 10, 2020.

36. Zorginstituut Nederland. Kamerbrief VWS over vergoeding uit het basi-
spakket van de geneesmiddelen eculizumab, ribociclib en atezolizumab.
https://www.zorginstituutnederland.nl/publicaties/brief/2018/05/15/kamer
brief-vws-over-vergoeding-uit-het-basispakket-van-de-geneesmiddelen-ec
ulizumab-ribociclib-en-atezolizumab. Accessed April 10, 2020.

37. Clinicaltrials.gov. Long-term follow-up study of patients receiving ona-
semnogene abeparvovec-xioi. https://clinicaltrials.gov/ct2/show/NCT04
042025?cond=Spinal1Muscular1Atrophy&lead=avexis&draw=2&rank=8.
Accessed January 15, 2020.

38. Clinicaltrials.gov. Long-term follow-up study for patients from AVXS-101-CL-
101 (START) 2019. https://clinicaltrials.gov/ct2/show/NCT03421977?
cond=Spinal1Muscular1Atrophy&lead=avexis&draw=2&rank=6. Accessed
January 15, 2020.

39. Clinicaltrials.gov. Pre-symptomatic study of intravenous onasemnogene
abeparvovec-xioi in spinal muscular atrophy (SMA) for patients with mul-
tiple copies of SMN2 (SPR1NT). https://clinicaltrials.gov/ct2/show/NC
T03505099?cond=Spinal1Muscular1Atrophy&lead=avexis&draw=2&rank=4.
Accessed January 15, 2020.

40. Hanna E, Toumi M, Dussart C, et al. Funding breakthrough therapies: a sys-
tematic review and recommendation. Health Policy (New York).
2018;122(3):217–229.

41. Jørgensen J, Kefalas P. Annuity payments can increase patient access to
innovative cell and gene therapies under England’s net budget impact test.
J Mark Access Health Policy. 2017;5(1):1–10.

42. Clopes A, Gasol M, Cajal R, et al. Financial consequences of a payment-by-
results scheme in Catalonia: gefitinib in advanced EGFR-mutation positive
non-small-cell lung cancer. J Med Econ. 2017;20(1):1–7.

https://www.zorginstituutnederland.nl/actueel/nieuws/2019/12/11/nusinersen-spinraza-per-1-januari-2020-voorwaardelijk-toegelaten-voor-patienten-met-sma-van-95-jaar-en-ouder
https://www.zorginstituutnederland.nl/actueel/nieuws/2019/12/11/nusinersen-spinraza-per-1-januari-2020-voorwaardelijk-toegelaten-voor-patienten-met-sma-van-95-jaar-en-ouder
https://www.zorginstituutnederland.nl/actueel/nieuws/2019/12/11/nusinersen-spinraza-per-1-januari-2020-voorwaardelijk-toegelaten-voor-patienten-met-sma-van-95-jaar-en-ouder
https://www.zorginstituutnederland.nl/actueel/nieuws/2019/12/11/nusinersen-spinraza-per-1-januari-2020-voorwaardelijk-toegelaten-voor-patienten-met-sma-van-95-jaar-en-ouder
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref7
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref7
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref7
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref8
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref8
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref8
https://www.fda.gov/vaccines-blood-biologics/zolgensma
https://www.ema.europa.eu/en/medicines/human/EPAR/zolgensma
https://www.ema.europa.eu/en/medicines/human/EPAR/zolgensma
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref10
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref10
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref11
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref11
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref11
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref12
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref12
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref12
https://www.theguardian.com/science/2019/may/25/21m-novartis-gene-therapy-to-become-worlds-most-expensive-drug
https://www.theguardian.com/science/2019/may/25/21m-novartis-gene-therapy-to-become-worlds-most-expensive-drug
https://clinicaltrials.gov/ct2/show/NCT03779334?term=risdiplam&amp;draw=2&amp;rank=3
https://clinicaltrials.gov/ct2/show/NCT03779334?term=risdiplam&amp;draw=2&amp;rank=3
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref15
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref15
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref15
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref16
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref16
https://www.reuters.com/article/us-biomarin-pharma-study/biomarin-says-data-shows-hemophilia-gene-therapy-effects-could-wane-idUSKCN1SY2IX
https://www.reuters.com/article/us-biomarin-pharma-study/biomarin-says-data-shows-hemophilia-gene-therapy-effects-could-wane-idUSKCN1SY2IX
https://www.reuters.com/article/us-biomarin-pharma-study/biomarin-says-data-shows-hemophilia-gene-therapy-effects-could-wane-idUSKCN1SY2IX
https://www.R-project.org/
https://www.R-project.org/
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref19
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref19
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref19
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/70701ned/table?dl=29BD5
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/70701ned/table?dl=29BD5
https://www.umcutrecht.nl/nl/Ziekenhuis/In-het-ziekenhuis/Afspraak-maken-en-wijzigen/Kosten/Passantenprijslijst-2019-versie-website-UMC-Utrech.aspx
https://www.umcutrecht.nl/nl/Ziekenhuis/In-het-ziekenhuis/Afspraak-maken-en-wijzigen/Kosten/Passantenprijslijst-2019-versie-website-UMC-Utrech.aspx
https://www.umcutrecht.nl/nl/Ziekenhuis/In-het-ziekenhuis/Afspraak-maken-en-wijzigen/Kosten/Passantenprijslijst-2019-versie-website-UMC-Utrech.aspx
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref26
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref26
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref26
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref30
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref30
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref30
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref21
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref21
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref23
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref23
https://www.spierziekten.nl/overzicht/spinale-musculaire-atrofie-type-1/diagnose-en-behandeling/
https://www.spierziekten.nl/overzicht/spinale-musculaire-atrofie-type-1/diagnose-en-behandeling/
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref25
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref25
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref25
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref28
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref28
https://nl.inflation.eu/inflatiecijfers/nederland/historische-inflatie/cpi-inflatie-nederland.aspx
https://nl.inflation.eu/inflatiecijfers/nederland/historische-inflatie/cpi-inflatie-nederland.aspx
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref31
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref31
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref31
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref31
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref32
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref32
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref33
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref33
https://english.zorginstituutnederland.nl/publications/reports/2015/06/16/cost-effectiveness-in-practice
https://english.zorginstituutnederland.nl/publications/reports/2015/06/16/cost-effectiveness-in-practice
https://www.zorginstituutnederland.nl/publicaties/publicatie/2017/10/26/orkambi-van-beoordeling-tot-vergoeding
https://www.zorginstituutnederland.nl/publicaties/publicatie/2017/10/26/orkambi-van-beoordeling-tot-vergoeding
https://www.zorginstituutnederland.nl/publicaties/publicatie/2017/10/26/orkambi-van-beoordeling-tot-vergoeding
https://www.zorginstituutnederland.nl/publicaties/brief/2018/05/15/kamerbrief-vws-over-vergoeding-uit-het-basispakket-van-de-geneesmiddelen-eculizumab-ribociclib-en-atezolizumab
https://www.zorginstituutnederland.nl/publicaties/brief/2018/05/15/kamerbrief-vws-over-vergoeding-uit-het-basispakket-van-de-geneesmiddelen-eculizumab-ribociclib-en-atezolizumab
https://www.zorginstituutnederland.nl/publicaties/brief/2018/05/15/kamerbrief-vws-over-vergoeding-uit-het-basispakket-van-de-geneesmiddelen-eculizumab-ribociclib-en-atezolizumab
https://clinicaltrials.gov/ct2/show/NCT04042025?cond=Spinal+Muscular+Atrophy&amp;lead=avexis&amp;draw=2&amp;rank=8
https://clinicaltrials.gov/ct2/show/NCT04042025?cond=Spinal+Muscular+Atrophy&amp;lead=avexis&amp;draw=2&amp;rank=8
https://clinicaltrials.gov/ct2/show/NCT04042025?cond=Spinal+Muscular+Atrophy&amp;lead=avexis&amp;draw=2&amp;rank=8
https://clinicaltrials.gov/ct2/show/NCT04042025?cond=Spinal+Muscular+Atrophy&amp;lead=avexis&amp;draw=2&amp;rank=8
https://clinicaltrials.gov/ct2/show/NCT03421977?cond=Spinal+Muscular+Atrophy&amp;lead=avexis&amp;draw=2&amp;rank=6
https://clinicaltrials.gov/ct2/show/NCT03421977?cond=Spinal+Muscular+Atrophy&amp;lead=avexis&amp;draw=2&amp;rank=6
https://clinicaltrials.gov/ct2/show/NCT03421977?cond=Spinal+Muscular+Atrophy&amp;lead=avexis&amp;draw=2&amp;rank=6
https://clinicaltrials.gov/ct2/show/NCT03421977?cond=Spinal+Muscular+Atrophy&amp;lead=avexis&amp;draw=2&amp;rank=6
https://clinicaltrials.gov/ct2/show/NCT03505099?cond=Spinal+Muscular+Atrophy&amp;lead=avexis&amp;draw=2&amp;rank=4
https://clinicaltrials.gov/ct2/show/NCT03505099?cond=Spinal+Muscular+Atrophy&amp;lead=avexis&amp;draw=2&amp;rank=4
https://clinicaltrials.gov/ct2/show/NCT03505099?cond=Spinal+Muscular+Atrophy&amp;lead=avexis&amp;draw=2&amp;rank=4
https://clinicaltrials.gov/ct2/show/NCT03505099?cond=Spinal+Muscular+Atrophy&amp;lead=avexis&amp;draw=2&amp;rank=4
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref40
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref40
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref40
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref41
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref41
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref41
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref42
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref42
http://refhub.elsevier.com/S1098-3015(21)00053-X/sref42

	Early Cost-Effectiveness of Onasemnogene Abeparvovec-xioi (Zolgensma) and Nusinersen (Spinraza) Treatment for Spinal Muscul ...
	Introduction
	Methods
	General
	Clinical Trials
	Target Population and Model Setting
	Treatment Effect
	Time Horizon and Cycle Length
	Discount Rate
	Treatment Structure
	Health Outcomes
	Health State Utilities
	Costs
	Transition Probabilities
	Analysis
	Sensitivity Analyses
	Scenario Analyses

	Results
	Incremental Costs and Outcomes
	Sensitivity Analysis
	Scenario Analyses

	Discussion
	Limitations

	Conclusion
	Supplemental Material
	References


