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Economic Evaluation

Modeling the Cost-Utility of Treatment Sequences for Multiple Sclerosis
Simone Huygens, PhD, Matthijs Versteegh, PhD

A B S T R A C T
Objectives: Most patients with multiple sclerosis (MS) switch between disease-modifying therapies (DMTs) during their
lifetime. Our aim was to develop an MS cost-utility model that takes treatment switching into account to provide a more
realistic estimate of treatment beneﬁt than previous models that assume lifetime use of 1 DMT.
Methods: A treatment sequence model using a microsimulation framework with a lifetime time horizon and a societal
perspective was developed in R. Clinical plausibility and decision rules for switching were deﬁned in consultation with Dutch
MS neurologists. The ability of DMTs to prevent relapses and delay disease progression was modeled by applying DMTspeciﬁc estimates derived from a network meta-analysis of randomized controlled trials to natural history data. A total of
2 treatment strategies were compared: a ﬁrst-line DMT sequence (peginterferon-glatiramer-teriﬂunomide-interferon-betadimethyl fumarate) and an escalation DMT sequence (peginterferon-glatiramer-ocrelizumab-natalizumab-alemtuzumab).
Scenario analyses explored impact of alternative sources of natural history data, societal versus healthcare perspective,
and condition-speciﬁc versus generic utilities. Predicted short-term switches (,5 years) were externally validated with
Dutch claims data on DMT use.
Results: Short-term switches predicted by the model compared well with Dutch claims data. Transition from relapsingremitting MS to secondary progressive MS was delayed by the escalation sequence (24.7 vs 20.3 years on ﬁrst-line
sequence). Model results were sensitive to utility values and medical resource consumption was a large driver of uncertainty.
Conclusions: This microsimulation model overcomes the limitation of previous models by modeling treatment sequences.
Because it better reﬂects clinical reality, it facilitates incorporating cost-utility information in clinical guidelines.
Keywords: disease modifying treatment, microsimulation, network meta-analysis, societal perspective, treatment sequence.
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Introduction
Cost-utility models in multiple sclerosis (MS) can be improved
by incorporating treatment sequences to better reﬂect clinical
practice.1-5 Currently, cost-utility models for MS generally compare
treatments under the assumption of lifetime usage,2 while in reality, approximately half of patients switch to another MS drug
within 5 years because of side effects or reduced treatment efﬁcacy
over time.6 This study addresses treatment switching and other
limitations in cost-utility models for MS using a microsimulation
model.
MS is a chronic debilitating condition of the central nervous
system, which causes severe losses in quality of life, affecting
approximately 9 per 100 000 people in The Netherlands.7 Most
patients ﬁrst receive a diagnosis of relapsing-remitting MS
(RRMS), a form characterized by frequent exacerbations of
symptoms (ie, relapses). Approximately half of patients with MS
progress to secondary progressive MS (SPMS) within 20 years
after the ﬁrst diagnosis. In this phase of the disease, patients
experience increasing disability either with or without relapses.8

Several pharmacological treatments have been registered for
MS. These disease-modifying therapies (DMTs) can reduce the
number of relapses and delay the progression of disease but
contribute to increasing treatment costs. The total expenditures
for MS drugs in The Netherlands increased from approximately
V100 million in 2012 to approximately V170 million in 2019.9
Because of cost concerns, reimbursement agencies subject MS
drugs to cost-utility analysis, a form of economic evaluation that
compares additional costs to additional beneﬁts in terms of
quality-adjusted life-years (QALYs).
In this study, we sought to improve the previous models that
informed cost-utility analysis of MS, which are most often Markov
models. A known limitation of the Markov model structure is the
inability to capture complex treatment pathways and patient
history.1 The main areas of improvement in cost-utility analyses of
DMTs for MS, as summarized by a recent systematic review, are
including sequences of treatments, incorporating long-term time
horizons and a societal perspective, testing the impact of different
natural history transition probability matrices, testing the impact
of utility values, allowing individual discontinuation rules, and
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reporting model validation.2 We report on the development of a
treatment sequence model in statistical programming language
R10 based on the microsimulation framework developed by the
Decision Analysis in R for Technologies in Health workgroup.11-13

Methods
The microsimulation model was based on the individual-based
state-transition framework developed by the Decision Analysis in
R for Technologies in Health workgroup to more adequately reﬂect
individual treatment pathways of patients with MS.11-13 Clinical
plausibility of the model and clinical decision rules for switching
(Table 1) were based on 7 meetings with a duration of between 0.5
and 1 hour with 2 MS neurologists from the Erasmus MC MS
center. Although signiﬁcant individual variety in the number of
DMTs exists, a maximum of 5 DMTs were modeled to reﬂect the
clinically most plausible treatment pathways. Treatment switches
were initiated by discontinuation because of side effects or
recurring disease activity (either disease progression or relapses)
(Table 1 and Fig. 1). Disease progression was modeled through 19
health states based on the Expanded Disability Status Scale (EDSS)
score and type of MS (RRMS or SPMS) (Appendix 1, Figure S1, in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
021.05.020). A higher EDSS score represents a higher level of
disability. Patients could experience a relapse or die in any health
state. Productivity losses were included when patients lost their
job because of disease progression or when patients experienced a
relapse. The model cycle length was 1 year, and the time horizon
was lifetime with a maximum age of 100 years. In accordance with
Dutch economic guidelines,15 the analyses were performed from a
societal perspective, and effects and costs were discounted with
1.5% and 4%, respectively. The modeled patient population was
previously naive to DMTs, and patients were equally distributed in
the RRMS EDSS 0, 1, 2, and 3 health states at baseline reﬂecting
health states of patients at MS diagnosis. The mean age of the
patient population and sex distribution were based on the mean
age of disease onset (29 years) and proportion of females (74.2%)
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in the British Colombia Multiple Sclerosis database.16 The patient
view was explored in a 1-hour interview with a German patient
with MS. The main characteristics of the model are summarized in
Appendix 1, Table S1, in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2021.05.020. For reporting, we followed the
Consolidated Health Economic Evaluation Reporting Standards
(Appendix 1, Table S2, in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2021.05.020).17

Software
The model was programmed in R 3.6.1 using RStudio 1.2.1335
(RStudio). The used packages are reported in Appendix 1, Table S3,
in Supplemental Materials found at https://doi.org/10.1016/j.jval.2
021.05.020. The calculations have been partly performed on the
Cartesius supercomputer of the Dutch national e-infrastructure
with the support of the SURF Cooperative.

Intervention and Comparators
There are 12 DMTs for treatment of RRMS available in The
Netherlands (Appendix 1, Table S1, in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.05.020). These DMTs
are classiﬁed in ﬁrst-, second-, and third-line treatments, resulting
in 360 clinically possible treatment sequences, which we refer to
as escalation sequences. In this study, 1 escalation treatment
sequence was selected to illustrate how the model works:
peginterferon (line 1a), glatiramer (line 1b), ocrelizumab (line 2a),
natalizumab (NAT, line 2b), and alemtuzumab (line 3). This
treatment sequence was compared with a treatment sequence
with only ﬁrst-line treatments: peginterferon, glatiramer, teriﬂunomide, interferon-beta (IFNb)-250, and dimethyl fumarate. In
addition, the ﬁrst-line treatment sequence was compared with no
treatment with DMTs (ie, natural history of MS).

DMT Efﬁcacy
Head-to-head treatment efﬁcacy was estimated in a frequentist
random-effects network meta-analysis (NMA) for randomized

Table 1. Clinically deﬁned DMT switching rules.
No.

Description switching rules

1

Patients could receive up to 2 ﬁrst-line treatments, 2 second-line treatments, and 1 third-line treatment.

2

All combinations of ﬁrst-line treatments were clinically plausible and therefore included, except for treatment switches from one
interferon treatment to another interferon treatment.

3

Patients on the ﬁrst ﬁrst-line treatment experiencing side effects switched to another ﬁrst-line treatment.

4

Patients on the ﬁrst ﬁrst-line treatment experiencing disease activity or patients on the second ﬁrst-line treatment experiencing
disease activity or side effects switched to the second-line treatment.

5

Patients on the ﬁrst second-line treatment experiencing disease activity or side effects switched to another second-line treatment.

6

Patients on the second second-line treatment experiencing disease activity or side effects switched to third-line treatment.
Nevertheless, because of the reluctancy of neurologists to prescribe the currently only available third-line treatment alemtuzumab,
these probabilities were assumed to be 10% of the probability to switch from the ﬁrst to the second second-line treatment.

7

Patients on ﬁrst or second-line treatments at the age of 50 years or older with at least 5 years without relapse or EDSS progression
and patients on third-line treatment at the age of 70 years or older with at least 10 years without relapse or EDSS progression
discontinued treatment with DMTs. These patients were subject to the natural history transition probabilities for EDSS progression
and ARR.

8

The probability of switching because of recurring disease activity was dependent on the type of disease activity. Patients would
switch treatments when they experienced a severe relapse,* when they experienced a relapse during 2 subsequent years on ﬁrstline treatment, when they experienced a relapse during 2 subsequent years on second-line treatment accompanied by lesions on
the MRI scans,† or when they experienced both disease progression and relapse.

ARR indicates annualized relapse rate; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; MRI, magnetic resonance imaging.
*According to patient-perceived relapse severity, 18.7% of relapses were severe.14
†
Based on expert opinion of MS neurologists, it was assumed that lesions on the MRI scan were diagnosed in 50% of patients with a relapse during 2 subsequent years
on second-line treatment.
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Figure 1. Clinically deﬁned switching rules implemented in the microsimulation model. Disease activity is EDSS progression or relapse.
Exact switching rules are outlined in Table 1.

DMT indicates disease-modifying therapy; EDSS, Expanded Disability Status Scale.

controlled trial (RCT) endpoints on annualized relapse rates (ARRs)
and disease progression as captured with the EDSS score. The
included RCTs were derived from publications included in a recent
systematic review of the US Institute for Clinical and Economic
Review18,19 supplemented with an RCT of cladribine versus placebo.20 Between-study variance was assessed with the I-squared
statistic, and covariance matrices were computed for use in
probabilistic sensitivity analyses (PSAs) of the cost-utility
analysis. Detailed methods and results of the NMA are provided
in Appendix 2 in Supplemental Materials found at https://doi.org/1
0.1016/j.jval.2021.05.020.

Transition Probabilities Disease Progression
The natural history transition probabilities of EDSS progression
for the RRMS health states were based on the British Colombia
Multiple Sclerosis database,16 and those for the SPMS health states
were based on the London Ontario database.21,22 The probabilities
to transition from RRMS to SPMS were based on the London Ontario
database21,22 and increased with the EDSS score. When a patient
transitioned from RRMS EDSS score 0 to 8 to SPMS, 1 level increase
in the EDSS score and continuation of current treatment line were
assumed. The reported transition probabilities were adapted to
create a complete transition probability matrix for both patients
with RRMS and SPMS (Appendix 1, Table S4, in Supplemental Materials found at https://doi.org/10.1016/j.jval.2021.05.020). In a
scenario analysis, natural history transition probabilities of RRMS
EDSS score 0 to 7 were based on data from the DEFINE and
CONFORM trials22-24 and for EDSS score 8 to 9 on the London
Ontario database (Appendix 1, Table S5, in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.05.020).21,22
The ability of DMTs to delay EDSS progression was modeled by
applying a DMT-speciﬁc relative risk (RR) derived from the NMA
(Appendix 2 in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2021.05.020) to the EDSS progression transition probabilities to move to a higher EDSS score. We assumed that the reduced
probability to transition to worse EDSS scores would be compensated by an increased probability to remain in the current health
state.

Relapses
The natural history estimate for the ARR took into account the
decreasing ARR in older patients that was observed by clinical

experts and conﬁrmed in the analysis of ARRs in placebo arms of
RCTs included in the NMA (ß = 20.13, P,.01, R2 = 0.33) (Appendix 1,
Figure S2, in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2021.05.020). First, a pooled ARR was estimated with a
random-effects meta-analysis of the placebo arms of the RCTs
included in the NMA. In studies published before 2005, there was a
decreasing trend in the ARR, which stabilized from 2005 (Appendix
1, Figure S3, in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2021.05.020). Therefore, we conducted the meta-analysis
on post-2005 RCTs resulting in a pooled ARR of 0.445. Second, to
account for the decreasing trend in ARR by age, the ARR
from our meta-analysis was adjusted for the age-dependent hazard
rate based on recent ﬁndings in von Wyl et al.25 Starting with a
relative hazard of 1.5 at the age of 20 years, decreasing to 1 at the age
of 38 years (annual linear reduction = 0.028), followed by a stable
relative hazard until the age of 48 years, after which the relative
hazard continuously decreased to 0.2 at age 100 years (annual
linear reduction = 0.016). For each DMT, an incidence rate ratio
derived from the NMA (Appendix 2 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.05.020) was applied to
the modeled natural history ARR to capture the ability of the DMT to
prevent relapses.

Side Effects
Side effects have not been drivers of cost-utility outcomes in
one-way sensitivity analyses (OWSAs) of previous studies because
of small probabilities or short duration of health loss relative to
model time horizons.19,26 Therefore, in this study, except for
natalizumab, the consequences of side effects were limited to
switching to another treatment and the associated healthcare
costs of switching. The probability to switch treatment because of
side effects was calculated by multiplying the probability of
discontinuation in placebo arms (0.02)27,28 with the DMT-speciﬁc
RR of discontinuation because of side effects derived from the
NMA performed by the Dutch Association for Neurology.28
Because of the severity of the adverse event, the risk of progressive multifocal leukoencephalopathy (PML) was included for
natalizumab. The annual probability of PML when using natalizumab was based on the Dutch reimbursement dossier of natalizumab and was dependent on the time since the start of
treatment (Appendix 1, Table S6-row 13, in Supplemental Materials found at https://doi.org/10.1016/j.jval.2021.05.020).29
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Mortality
Mortality was based on the Dutch general population mortality
in 2018 derived from Statistics Netherlands30 adjusted for the age
and sex distribution in the modeled patient population and
adjusted for excess mortality because of MS. The RR of excess
mortality because of MS was dependent on EDSS score based on
an equation from Zimmerman et al18 calculated from the Danish
Multiple Sclerosis Registry31 (Appendix 1, Table S6-row 7, in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
021.05.020). Our deﬁnition of lifetime was a maximum age of
100 years; therefore, the mortality probability was set to 1 at the
age of 100 years.

Costs
All costs were indexed to 2019 Euros and are presented in
Appendix 1, Tables S6 and S7, in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2021.05.020.

Healthcare costs
The acquisition costs of the DMTs were calculated from the
publicly available list prices and treatment frequency.32 Costs
related to drug administration or in-hospital monitoring were
included for ﬁngolimod, natalizumab, ocrelizumab, and alemtuzumab based on clinical expert opinion of MS neurologists and the
reference prices of healthcare consumption.33 The resulting costs
for the ﬁrst 5 years of treatment are provided in Appendix 1,
Table S7, in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2021.05.020.
Medical resource use clustered by EDSS scores (0-3, 4-6, 7-9)
and relapse costs were sourced from a Dutch survey among 382
patients with MS.34 The medical resource use costs included
hospitalizations, consultations, tests, and non-DMT–related
medication. Standard deviations for a new pooled category of
“medical resource use” excluding DMT costs were derived by
simulating the gamma distributions of cost categories using the
published mean and standard deviation.
Medical resource use associated with switching was assumed
to be 3 outpatient visits (1 to initiate the switch and 2 to evaluate
the efﬁcacy of the switch over time) and 1 magnetic resonance
imaging (MRI) (to conﬁrm a switch is needed) based on expert
opinion of MS neurologists (V578). The treatment cost of PML was
taken from the Dutch reimbursement dossier for natalizumab
(V36 889).29

Informal care costs
The number of days and hours per day informal care was
received, and the proportion of patients receiving informal care
stratiﬁed by EDSS score cluster was based on a Dutch survey.34 The
number of hours of care received per month was multiplied with
the valuation for informal care of V14.74 per hour.33 The total
annual informal care costs by EDSS score cluster are presented in
Appendix 1, Table S6 (row 22), in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2021.05.020.

Productivity costs
The proportion of patients with paid work by EDSS score
cluster was derived from a Dutch survey: 51.5% of patients with
MS had a job when in EDSS cluster 0 to 3 and 10.7% in EDSS cluster
7 to 9.34 On the basis of the linear interpolation between these
proportions, assuming a 5 EDSS score distance between the 2
clusters, it was assumed that each unit increase in EDSS score
would result in 8.2% of the MS population losing their job because
of disease progression. Productivity costs of losing a job were
calculated using the friction cost method.35 The friction period
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starts when patients lose their job and was calculated to be 15.9
weeks following the methods of the Dutch costing manual.33
Patients with MS with a job were assumed to work 26.5 hours
per week.25 The hourly wage rate was corrected for the gender
distribution in the modeled population.33 Using these data, the
total costs for a friction period were V13 977. A relapse was
assumed to be associated with absence of work of 6 weeks on
average based on expert opinion of MS neurologists resulting in
productivity costs of V5283, which were only attributed to
patients experiencing severe relapses (18.7%).14

Utilities
Utility values by EDSS score based on the EQ-5D-3 level version
and the Dutch tariff36 were derived from a Dutch survey
(Appendix 1, Table S6-rows 14-16, in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.05.020).34 In a scenario
analysis, the impact of using condition-speciﬁc utilities derived
from the Multiple Sclerosis Impact Scale-Preference-Based Measure was explored.37 In the absence of Dutch data, the annual
disutility of a relapse was based on a United Kingdom survey
(0.071).38 The annual disutility of PML was derived from the Dutch
reimbursement dossier for NAT (0.13).29

Cost-Effectiveness Threshold
The Dutch Health Care Institute uses severity-weighted costeffectiveness thresholds, where severity is deﬁned as proportional
shortfall.39 Proportional shortfall refers to healthy life-years lost
because of disease as a proportion of the healthy life expectancy of
the age- and gender-matched general population. The severityweighted thresholds are V20 000, V50 000, and V80 000 per
QALY for proportional shortfalls under 41%, 71%, and 100%,
respectively.39 Proportional shortfall is calculated with the
institute for Medical Technology Assessment disease burden
calculator.40

Deterministic Analyses
The microsimulation model requires randomly drawing
numbers from a distribution for every individual to assess whether
a transition or event occurs considering a certain probability.
Therefore, the deterministic analysis required the simulation of a
large cohort. Model outcome stability at a given sample size was
assessed by calculating the incremental cost-effectiveness ratio
(ICER) for the escalation sequence compared with no DMT treatment for 20 different seeds for random draws. The model produced
stable results (ie, similar results regardless of the seed that was
used) when sampling more than 5000 patients (Appendix 1,
Figure S4, in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2021.05.020). Regardless, deterministic analyses were
performed with the largest computational feasible sample size of
100 000 patients.
For the 3 treatment strategies under evaluation, the proportion
of patients and mean time to conversion from RRMS to SPMS,
EDSS progression and ARR over time, proportion of patients and
mean time on treatment lines, and cost-effectiveness expressed in
ICER and net health beneﬁt (NHB; calculated with a willingnessto-pay threshold of V50 000/QALY) were estimated.

One-Way Sensitivity Analyses
The OWSA was conducted for the escalation sequence. All
included variables except for discount rates were varied with a
30% increase and decrease on the base-case parameter estimate
(Appendix 1, Table S8, in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2021.05.020), and its impact on the NHB was
reported in a tornado diagram.
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Figure 2. Proportion of patients in RRMS, SPMS or death health states. PEG-GLA20-OCR-NAT-ALE is the escalation sequence. PEGGLA20-TER14-IFNb250-DIF is the ﬁrst-line sequence.

ALE indicates alemtuzumab; DIF, dimethyl fumarate; GLA20, glatiramer; IFNb, interferon-beta; NAT, natalizumab; OCR, ocrelizumab; PEG, peginterferon; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; TER, teriﬂunomide.

Probabilistic Sensitivity Analysis
To assess parameter uncertainty, all parameters were varied
simultaneously in a PSA. Varied parameter and their distributions
are presented in Appendix 1, Table S6, in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.05.020. The model was
run with 10 000 sampling iterations, while sampling 10 000
patients for the 3 treatment strategies in each iteration.

External validity
The absence of data from a Dutch MS register limits our possibilities for external validation of our outcomes. Nevertheless, a
recent analysis on Dutch claims data by the Dutch Healthcare
Institute showed that 50% of patients on IFNb-1a switched to a
second DMT within 5 years and 4.6% switched from any second
DMT to any third DMT.6 Therefore, an additional sequence starting
with IFNb-1a was modeled to validate switch proportions
predicted by our model.

Results
Deterministic Analyses
Clinical outcomes
Figure 2 illustrates the conversion from RRMS to SPMS or
death. Patients without any DMT treatment convert from RRMS to
SPMS after on average 12.8 years. In patients who are treated with

DMTs, the time to conversion from RRMS to SPMS was 20.3 years
when treated with a sequence of ﬁrst-line DMTs and 24.7 years
when treated with an escalation sequence. On average, patients
convert from RRMS to SPMS at EDSS score 5 or 6. The proportion
of patients who convert to SPMS is lower in patients who are
treated with DMTs (ﬁrst-line DMTs sequence 88.3%, escalation
sequence 79.5%) than without DMT treatment (96.9%). In addition,
EDSS progression and ARR over time are illustrated in Appendix 1,
Figures S5 and S6, in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2021.05.020.
The number of patients in each treatment line of the 2 DMT
treatment sequences is illustrated in Appendix 1, Figures S7 and
S8, in Supplemental Materials found at https://doi.org/10.1016/j.
jval.2021.05.020. The proportion of patients per treatment line
and average time on treatments for patients who are alive are
reported in Table 2.

Cost-effectiveness threshold
The total number of undiscounted QALYs without treatment is
16.54. The quality-adjusted life expectancy of a Dutch cohort of age
29 years with 74% females is 46.74; hence, no MS treatment results
in a loss (absolute shortfall) of 30.20 QALYs or proportional shortfall
of 65%. The total number of undiscounted QALYs with the ﬁrst-line
sequence is 23.43, resulting in a loss (absolute shortfall) of 23.31
QALYs or proportional shortfall of 50%. Hence, regardless of the
comparator (no DMT treatment or ﬁrst-line sequence), the Dutch
severity-based threshold for MS treatments is V50 000 per QALY.

Table 2. Time on treatment lines in years.
Line 1a

Line 1b

Line 2a

Line 2b

Line 3

Treatment sequence with only ﬁrst-line DMTs
Percentage of patients, %
Mean time on treatment, years

Treatment sequence

100
6.9

24
6.5

95
9.5

86
14.8

57
19.4

Treatment sequence with ﬁrst-, second-, and third-line DMTs
Proportion of patients, %
Mean time on treatment, years

100
6.8

24
6.5

95
15.1

76
16.8

37
17.3

DMT indicates disease-modifying therapy.
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Table 3. Results base-case fully incremental analysis.
Treatment sequence

DCosts

DQALYs

ICER

NHB

NMB

13.54

NA

NA

NA

7.72

385 975

18.15

189 804

4.61

41 170

8.53

426 681

20.49

134 166

2.33

57 470

8.18

409 242

Total costs

Total QALYs

No DMT treatment

291 210

First-line treatment sequence

481 013

Escalation treatment sequence

615 179

Note. NHB and NMB were calculated using a willingness-to-pay threshold of V50,000/QALY.
DMT indicates disease-modifying therapy; ICER, incremental cost-effectiveness ratio; NA, not applicable; NHB, net health beneﬁt; NMB, net monetary beneﬁt; QALY,
quality-adjusted life-year.

Cost-effectiveness results

Table 3 shows that the ﬁrst-line sequence has a higher NHB
than the escalation sequence.

Scenario Analyses
Using the natural history cohort of the DEFINE and COMFORT
trials combined with the London Ontario database as source for
RRMS, transition probabilities decreased the ICER of the escalation
sequence compared with the ﬁrst-line sequence with V1496 to
V55 974 per QALY.
Adopting a healthcare perspective rather than a societal
perspective increased the ICER of the escalation sequence
compared with the ﬁrst-line sequence with V5132 to V62 602 per
QALY.
Using condition-speciﬁc utilities derived from the Multiple
Sclerosis Impact Scale-Preference-Based Measure increased the
ICER of the escalation sequence compared with the ﬁrst-line
sequence with V44 881 to V102 351 per QALY.
The results of the fully incremental cost-effectiveness analyses
of all 3 treatment strategies for these scenarios are available in
Appendix 1, Table S9, in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2021.05.020.

One-Way Sensitivity Analyses
The results of the OWSA for the escalation sequence are presented in the tornado diagram in Appendix 1, Figure S9, and in
Appendix 1, Table S8, in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2021.05.020.

Probabilistic Sensitivity Analyses
Figure 3 shows that the PSA conveys large uncertainty in lifetime costs and effects of different treatments, mostly because of
the uncertainty in the effect estimates in the NMA and the uncertain cost estimates for medical resource use (excluding DMT
costs).

External Validity
The model predicted that 52.7% switched to any second DMT
(either the second ﬁrst-line treatment or the ﬁrst second-line
treatment) and 3.3% to any third DMT, compared with 50% and
4.6% observed in Dutch claims data.6

Discussion
In this article, we presented a microsimulation model developed to evaluate treatment sequences for MS. The model has a
societal perspective and uses relative treatment efﬁcacy estimates
from NMAs. The modeled switch proportions in the ﬁrst 5 years
compare well to observed data. Our study was initiated in
response to the ﬁnding of the Dutch Healthcare Institute that a
large part of Dutch patients with MS switch treatments,6 which is
often not accounted for in cost-utility models submitted to that
same institute (eg, Michels et al41). The National Institute for
Health and Care Excellence in the United Kingdom also recognizes
that patients with MS often receive more than 1 DMT over time3
and recently argued that excluding other treatments after the
discontinuation of the drug under evaluation increased the

Figure 3. Scatterplot of PSA outcomes comparing the escalation sequences with the ﬁrst-line sequence (black dot represents mean
incremental costs and QALYs of all PSA iterations).

PSA indicates probabilistic sensitivity analysis; QALY, quality-adjusted life-year.
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uncertainty of the cost-utility estimates.4 Recent models
incorporated second line treatments, but subsequent treatments
were not uniquely identiﬁable because they were incorporated as
a weighted average of alternatives.5,18 In addition, 2 treatment
lines likely do still not reﬂect the switching behavior in clinical
practice: in The Netherlands, 5% of patients already switched to a
third treatment line within 5 years.6 Therefore, to our knowledge,
this is the ﬁrst publication on a complete treatment sequence
cost-utility model for MS.
The OWSA of our model identiﬁed utilities, age at onset, and
healthcare costs to be drivers of the outcomes. Scenario analyses
showed a modest impact of using data from a different natural
history cohort and adopting a healthcare perspective, while
condition-speciﬁc utility values had a large upward effect on the
ICER. Our model highlights considerable uncertainty in cost-utility
outcomes, driven by uncertain medical resource use and uncertain
relative effectiveness of DMTs derived from the NMA.
Our results showed that healthcare costs are important
outcome drivers, but also showed that these costs are very uncertain. This is partly caused by uncertainty in the healthcare cost
estimates derived from a Dutch survey with a relatively small
sample size (n = 382).34 Combined with large heterogeneity in
medical resource use, this yields large standard errors for the cost
estimates. Dutch data on medical resource use in MS in a larger
sample size could substantially reduce model uncertainty.
Apart from uncertainty in costs, uncertainty in effects is also
apparent from the PSA. The uncertainty in effectiveness is a
reﬂection of the overlapping conﬁdence intervals of DMT efﬁcacy
in our NMA, which is repeated over multiple treatment lines in the
model increasing the overall uncertainty of the cost-effectiveness
outcomes.

Limitations
An important limitation of our study is the use of results from an
NMA of RCTs on individual DMTs for the efﬁcacy of treatment
sequences. Although the NMA provides robust estimates of the
relative efﬁcacy of MS treatments, the underlying data do not
enable the estimation of efﬁcacy by treatment line. Therefore, we
assumed that relative treatment efﬁcacy is equal regardless in
which line the treatment is prescribed. It is uncertain to what extent
disease and treatment history affect relative efﬁcacy. In our model,
reduced absolute impact of treatment on QALYs and costs over time
is indirectly captured because of the decreasing ARR with age.
Nevertheless, also correcting relative efﬁcacy for the number or
type of previous treatment would improve model validity.
There are 2 important limitations related to the clinical decision rules implemented in our model. First, neurologists generally
use MRI data to determine disease activity that informs treatment
decisions together with information on experienced disease progression and relapses. Nevertheless, MRI data were not available
for the generation of a prediction model. Therefore, the model was
populated with clinical decision rules based on events that could
be predicted by the model (ie, disease progression and relapses)
combined with the probability that a relapse would be associated
with an MRI result that would warrant treatment switching based
on expert opinion. Second, the clinical decision rules are country
and to some extent even physician speciﬁc. Nevertheless, the
clinical decision rules in the model can easily be adapted to local
preferences.

Applicability in Health Technology Assessment
Evaluation Procedures
Doubt has been expressed about the extent to which current
health technology assessment (HTA) evaluation procedures are ﬁt
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to incorporate full sequence models.42 It has been argued, for
example, that effects of later treatment lines would distort a true
comparison of the intervention and comparator of interest.43
Indeed, a complexity from a decision makers’ perspective lies in
the number of comparisons necessary to be able to draw conclusions on the cost-effectiveness of the new treatment, because all
potential sequences must be modeled. This raises the question
whether HTA agencies should explore cyclical evaluation frameworks, effectively shifting from single reimbursement decision
making to a continuous evaluation of the optimal treatment
pathway. Our model enables solving exactly this kind of decision
problem. In an upcoming publication, we use our model to rank
360 treatments sequences for MS in terms of effectiveness and
cost-effectiveness.

Conclusion
Cost-utility models for MS rarely take treatment switching
behavior into account, although it is an important feature of MS
treatment pathways. In this study, we presented a microsimulation model that takes treatment sequences into account
and uses a societal perspective to assess cost-utility of MS treatments. The model results were sensitive to utility values, and
Dutch medical resource consumption was identiﬁed as a large
driver of uncertainty. Our model enables the estimation of a rank
order of optimal sequences, allowing cost-utility information to be
incorporated in prioritization in clinical guidelines. This may
facilitate a paradigm switch in HTA from a focus on single
reimbursement dossiers to a cyclical full disease evaluation.

Supplemental Material
Supplementary data associated with this article can be found in the
online version at https://doi.org/10.1016/j.jval.2021.05.020.
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