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Objective. To provide a current and comprehensive understanding of the cost-effectiveness of DMTs for the treatment of MS by
quantitatively evaluating the quality of recent cost-effectiveness studies and exploring how the field has progressed from past
recommendations. Methods. We assessed the quality of studies that met our systematic literature search criteria using the Quality
of Health Economic Studies validated instrument. Results. Of the 82 studies that met our initial search criteria, we included 22
in this review. Four studies (18%) achieved quality category 2, three studies (14%) achieved quality category 3, and 15 studies
(68%) achieved the highest quality category 4. 91% of studies were simulation models. 13 studies (59%) had quality-adjusted life
years (QALYs) as the primary outcome measure, included a societal perspective in the analysis, and utilized time horizons of 10
years to lifetime. Conclusions. To continue to improve the cost-effectiveness evidence of DMTs, we recommend: lifetime horizons,
societal perspectives, and QALYs; supplemental evidence with shorter horizons, payer perspectives, and clinical outcomes to inform
multiple decision makers; development of modeling and input standards for comparability; head-to-head RCTs between DMTs
and long-term prospective studies; and comprehensive cost-effectiveness studies that compare all appropriate DMTs.

1. Introduction

Multiple sclerosis (MS) is a chronic and debilitating inflam-
matory autoimmune disorder of the central nervous system
that afflicts approximately 400,000 people in the United
States and 2.1 million people worldwide [1, 2]. MS is one
of the most common contributors to neurological disability
in young and middle-aged adults [3]. The peak age of onset
is approximately 30 years, and the disease occurs in twice as
many women as men [4]. About 85% of MS patients have
the relapsing-remitting form of the disease [1]. Symptoms
of MS include fatigue, impaired mobility, spasticity, pain,
depression, cognitive impairment, sexual dysfunction, bowel
and bladder dysfunction, vision and hearing problems,
seizures, and difficulty swallowing [2]. The multifaceted
symptoms of MS all are associated with economic burden, as
well as an adverse impact on patients” quality of life.

Treatment of MS has advanced significantly over the
past several decades. Historically, MS was treated in a solely
supportive manner through symptomatic pharmacological
treatment in the event of disease exacerbations (MS attacks),
generally via powerful doses of short-course steroids [5].
However, starting in the 1990s the FDA approved the first
disease-modifying therapies (DMTs) for the long-term treat-
ment of the disease. These new biologics were intended to
proactively manage and retard disease progression. DMTs
have demonstrated favorable risk-benefit profiles for US
and other jurisdictions’ regulatory approval. Some DMTs
have more significant benefits and risks than others. DMTs
have provided a promising new means of managing this
chronic and debilitating disease; however, they have also
introduced greatly elevated, and rapidly increasing, costs to
the treatment of MS [6]. Cost-of-illness studies in the early
2000s estimated that medication including DMTs accounted
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TaBLE 1: Characteristics of disease-modifying therapies for multiple sclerosis.

2010 Annual . . . .
DMT brand name (Generic name) Manufacturer FDA DO,S e'freql'lency Tx cost Slgnlﬁcant I‘lS}(S listed
approval year administration [5] (13, 14] in package insert
Bayer Health Care
Betaseron [15] (IFN beta-1b) Pharmaceuticals, Inc 1993 250 ug 2 days SC $38,369
Avonex [16] (IFN beta-1a) Biogen Idec, Inc 1996 30 ug weekly IM $38,532
Copaxone [17] (Glatiramer Teva Neuroscience, Inc 1996 20 mg daily SC $42,940
acetate)
Novartis 12 me/m?
Novantrone [18] (Mitoxantrone) Pharmaceuticals 2000 & $6,344 Cardiotoxicity
. 3 months IV
Corporation
Rebif [19] (IFN beta-1a) EMD Serono, Inc 2000 44 ug 3x weekly SC $38,646
Increased risk of
. . Elan Pharmaceuticals, PML,
Tysabri [20] (Natalizumab) Inc and Biogen Idec, Inc 2004 300 mg 4 weeks IV $40,426 Elevated risk for
infections
Novartis
Extavia [21] (IFN beta-1b) Pharmaceuticals 2009 250 ug 2 days SC $38,368
Corporation
. . Cardiotoxicity,
Gilenya [22] (Fingolimod) Novartis Pharmaceutlcal 2010 0.5 mg daily oral $47,944 Elevated risk for
Corporation infections

IFN: Interferon; IM: intramuscular; IV: intravenous; PML: progressive multifocal leukoencephalopathy; SC: subcutaneous; Tx: treatment.

for ~7% of overall costs as reported across similar studies in
Germany [7], UK [8], Sweden [9], and Canada [10]. In 2004,
Kobelt found that in the US DMTs had begun to account for
34% of total costs per MS patient each year, and over half of
all direct medical costs [11]. Similarly, an Italian 2004 study
suggested that 77% of direct medical costs were attributed to
DMTs [12]. On average DMTs cost $16,050 per MS-treated
patient per year in 2004 dollars. By 2010, the current annual
treatment costs had risen by two- to threefold over this
2004 average for all DMTs except mitoxantrone. The eight
FDA approved DMTs as of August 2012 are characterized in
Table 1.

Three review studies from 2003-4 focused on cost-
effectiveness of DMTs in the treatment of MS and included
multiple current therapies [3, 23, 24]. In 2004, Flachenecker
published a review that comprehensively studied all DMTs
available at that time [25]. In 2006, Kobelt published a
review and informational article on studies of MS therapies;
however, the focus was mainly methodological and did
not compile and compare costs and effectiveness results in
concert to inform decision makers [26]. In 2006, Reickmann
published a brief review on the socioeconomic aspects of
neuroimmunological diseases focusing on MS [27]. Prior
reviews came to very similar conclusions suggesting use of
the societal perspective, appropriate long-term modeling to
reflect the chronic nature of MS, and standard endpoints
and modeling to determine the cost-effectiveness of DMTs.
The authors also indicated a dearth of comprehensive and
uniform prospective studies, which is important in further
understanding the costs and outcomes associated with
different DMTs.

Over the past ten years, there has been a lack of
comprehensive and systematic reviews of multiple sclerosis

cost-effectiveness studies. Previous reviews did not address
DMTs approved in recent years (natalizumab or fingolimod)
and none have been recent and comprehensive enough to
detail the current state of the cost-effectiveness of DMTs in
treating multiple sclerosis. The aim of this systematic review
was to provide a current and comprehensive understanding
of the cost-effectiveness of DMTs for the treatment of
multiple sclerosis by quantitatively evaluating the quality of
cost-effectiveness studies and exploring how the multiple
sclerosis cost-effectiveness field has progressed from past
recommendations.

2. Methods

2.1. Cost-Effectiveness Analyses. Cost-effectiveness analysis
(CEA) is a full form of health economic analysis, where both
costs and consequences (outcomes) of health programs or
treatments are examined. CEA is used in situations where
decision makers are considering a limited range of options
within a given field, and within a given operating budget
[28]. CEA is used to compare the benefits and costs of a
program, intervention, or treatment to its next best alterna-
tive in order to determine whether it is of sufficient value
to adopt or reimburse [29]. The primary output of a cost-
effectiveness study is the incremental cost-effectiveness ratio
(ICER), which compares two alternative interventions’ aver-
age costs (C; and C;) and effects (E; and E;) in the form of
the following ratio:

(Ci = G)
(E\ —E)’

The effectiveness measure chosen should properly reflect a
final output, rather than a secondary or intermediate output.

(1
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Studies included

PubMed search exclusions

Objective-based
exclusions*

Initial studies identified by

PubMed search
(n=82)

Not English language
(n=7)

Those in English language

Published before January 1, 2004

Not original research
(n=21)

(n=75) (n=27)
Those published from Those not matching
January 1, 2004—Au%ust 31,2012 inclusion criteria
(n =48 (n = 28)

L

Not comparative
(n=3)

PubMed studies included in
final review
(n=20)

Total studies included in
final review
(n=22)

)

Does not include both
costs and outcomes
(n=4)

Additions from TUFTS and YORK/NHS/UK EED registries (n = 2)

*Exclusion criteria are mutually exclusive, exhaustive, and adhere to the following hierarchy: not original research > not comparative > does

not include both costs and outcomes.

F1GUrek 1: Flowchart of systematic search methodology and yield.

However, the most germane consideration is whether the
measure is relevant given the objectives of the decision maker
concerned [28]. When there are multiple objectives of treat-
ments or interventions, an array of differential achievements
along each dimension may be presented for the alternative
interventions. These data can then be used at the discretion
of the decision maker to most appropriately address their
unique situation [28]. This form of evaluation is referred to
as cost-consequence analysis (CCA). Another form of CEA,
cost-utility analysis (CUA), seeks to incorporate the weighted
measures of all relevant outcomes in one measure based
upon overall utility. The most common outcome measure
used is the quality-adjusted life year (QALY ), which estimates
the alternative-specific survival and assigns utility weights
ranging from zero (death) to one (perfect health) for each
life year [30].

CEA studies follow a decision-analytic modeling (DAM)
approach where currently available evidence concerning the
effectiveness and costs of alternative healthcare interventions
is synthesized in order to inform decision makers about the
relative value of competing alternatives [31]. DAM helps
decision makers to formulate as informed decisions as pos-
sible under conditions of cost and effectiveness uncertainty
and resource scarcity. There are two main subbranches of
DAM of interest for CEA of DMTs in MS: simulation models

and patient-level trials. Simulation models can either be
based upon patient cohorts or individual patient-level data.
The most common type of cohort simulation model (CSM)
in MS is the Markov model, where cohorts transition among
multiple disease states via assigned probabilities calculated
for specific time periods (cycles). Each disease state is
assigned costs and outcomes in order to calculate outputs
[28]. Patient-level trials are typically conducted within one
randomized trial or within one observational study where
both clinical and economic analyses are performed using the
patient-level data.

2.2. Literature Search. We performed a systematic search in
September of 2012 using MEDLINE (PubMed) querying
for the MeSH term, “cost-benefit analysis,” and the general
search term, “multiple sclerosis” The MeSH term “cost-
benefit analysis” includes the following nested entry terms:
cost-benefit, cost-effectiveness, and benefits and costs. There
is no other MeSH term comprehensive enough to require ele-
ments of both costs and health outcomes. To control for the
impact of including DMT generic and brand names in the
query, we included (mitoxantrone OR interferon OR glati-
ramer acetate OR natalizumab OR fingolimod OR avonex
OR betaseron OR extavia OR rebif OR novantrone OR
copaxone OR gilenya OR tysabri) in addition to the initial



search terms as part of an additional search for comparative
purposes. We utilized PubMed search filters to limit the
initial search to articles published in the English language
from January 1, 2004 to August 31, 2012. In addition to the
PubMed filters applied, we imposed a three-point exclusion
criterion to the search results. The exclusion criteria were
mutually exclusive, exhaustive, and hierarchical in the fol-
lowing manner (see Figure 1):

(1) not original research;
(2) not comparative;

(3) does not include both costs and outcomes.

If an article was excluded under the first criterion, it
would not be further scrutinized for adherence to the second
or third criteria, and if it adhered to the first but not to
the second, it would not be further scrutinized for adher-
ence to the third criterion. Those that reached this final
exclusion criterion and adhered to all three criteria were
included in the final systematic review database. To ensure
the comprehensiveness of our database, we performed two
additional searches using the same queries and criteria via
the Tufts Medical Center Cost-Effectiveness Analysis Registry
(TUFTS) and the National Health Service Economic Evalu-
ation Database (NHSEED). Additional articles that were not
found in the initial search and adhered to our three-point
criterion were added to the final database.

2.3. Quality Assessment of Health Economic Analyses. We
quantitatively evaluated the quality of the MS DMT cost-
effectiveness studies in a systematic and transparent manner
through the use of the 16-item Quality of Health Economic
Studies (QHES) validated instrument [32]. Both authors
independently applied the QHES scoring instrument to each
of the articles included in the final database and came to an
agreement on all scores for each study. The final reconciled
scores were reported. Total QHES scores range from 0 to
100, with 100 representing a perfect score. Four categories
have been established to stratify the studies from lowest to
highest quality: lowest quality category 1 (total score: 0-25),
quality category 2 (total score: 25.1-50), quality category 3
(total score: 50.1-75), and highest quality category 4 (75.1-
100).

2.4. QHES Subdomains. We identified four main topics to
focus our discussion of the composition and quality of
the included cost-effectiveness studies: (i) model structure
(QHES items 1, 2, 8, 12, and 13), (ii) model inputs (QHES
items 3, 7, 9, 10, and 11), (iii) results/conclusions (QHES
items 6, 11, and 15), and (iv) study integrity (QHES items 5,
13, 14, and 16) [32]. Item 11 is included in both the model
inputs and results/conclusions subdomains. Appropriate
choice of model structure is of paramount importance in
determining the reach and applicability of the results and
conclusions of CEA studies. In addition, transparency and
justification of the model framework and its assumptions are
crucial to enable an unbiased peer review process as well
as in determining the usability and repeatability of the

Autoimmune Diseases

study and its findings [30]. Appropriate acknowledgment
of the type of data abstraction employed and justification
for the methodology allows users to replicate and validate
the analysis [30]. It is important that the model inputs are
appropriately matched to the model structure employed,
specifically with respect to the audience it is meant to
inform (study perspective) and the analytical time horizon
employed, in order to properly advance the knowledge pool
that decision makers draw from in developing protocols for
the treatment of MS. The main results of CEA studies are
presented via the ICER. This ratio describes the incremental
cost of an intervention for each additional unit of benefit.
This form of presenting CEA study results allows for a
standardized interpretation of cost-effectiveness between
comparators and is the cornerstone of quality studies in this
field. A negative ICER indicates that one of the alternatives is
more effective and less costly than the other and is considered
to dominate the other. A positive ICER indicates that one
alternative is both less costly and less effective or more
costly and more effective. An intervention is considered cost-
effective if it dominates its comparator or if it is both more
(or less) costly and effective, while falling below the decision
maker’s willingness-to-pay threshold [30]. The resulting
ICER and conclusion of a CEA study are only useful if it is
justified based upon the study results. The integrity of a study
relies on an explicit transparency with respect to uncertainty,
limitations, assumptions, and bias. Clearly describing uncer-
tainty with respect to individual variables in isolation (one-
way sensitivity analysis), as well as in conjunction (multiway
sensitivity analysis, probabilistic sensitivity analysis, etc.),
informs decision makers as to which inputs have the greatest
impact on results and indicates areas for future research.

3. Results

3.1. Literature Search Results. Of the 82 total studies that met
our initial MEDLINE search criteria [1, 3, 4, 23-25, 31, 33—
107], we included 20 in our review (Figure 1) [1, 33, 35, 38,
39, 48, 52, 55, 58, 59, 62, 66, 77, 78, 80, 84, 100, 101, 106,
107]. With respect to the PubMed filter exclusions, seven of
80 studies were not published in English and 27 others were
published before January 1, 2004. The most common reason
for excluding studies matching our initial search queries
and filters was not reporting original research (i.e. reviews,
methods papers, letters, and editorials were excluded). 21
studies were excluded due to this primary objective-based
exclusion (3, 23, 25, 31, 34, 43-45, 49, 53, 60, 67, 69, 72, 75,
86, 87,91, 97, 99, 105]. Three other studies were deemed not
comparative [4, 54, 83] and an additional four studies did
not include both costs and outcomes [36, 65, 71, 88]. We
located two articles [108, 109] in the TUFTS and NHSEED
databases that met all of our criteria, resulting in a final total
of 22 articles included in our review.

3.2. Results by Model Type. Table 2 contains characteristics
of each study, including details pertaining to the model type
chosen. 20 of the 22 studies were simulation models: 19 of
these 20 were cohort simulation models (CSM) [1, 33, 35, 39,
48, 52, 58, 59, 62, 66, 77, 78, 80, 84, 100, 101, 106—-108] and
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one was a patient-level simulation [55]. Of the 19 CSM, 14
were Markov models [35, 48, 52, 58, 59, 62, 77, 78, 84, 100,
101, 106-108]. Within the Markov models employed, four
studies utilized one-month transition periods [35, 48, 59,
84], two studies utilized three-month transition periods [62,
108], two used six-month transition periods [106, 107], and
six studies utilized one-year transition periods [52, 58, 77, 78,
100, 101].

We identified two patient-level trial-based studies: one
based on an open-labeled head-to-head clinical trial [109]
and one using data from a retrospective multivariate cohort
analysis [38].

3.3. Results by Geographic Region and Perspective. 12 of the 22
studies were based upon data from the USA [1, 33, 35, 38, 39,
48,55, 77, 80, 84, 100, 106]. Of these USA studies, seven were
performed under a payer/health care system perspective [1,
33, 38, 39, 55, 80, 100], four were from a societal perspective
[35, 77, 84, 106], and one included both perspectives [48].
There were two studies based upon data from the UK, one of
which was from a societal perspective [52] and one was from
a payer perspective [101]. There were two studies based upon
data from Italy, one of which was from the payer perspective
[109] and one included both societal and payer perspectives
[66]. Two studies were derived from Swedish data and
were performed from a societal perspectives [62, 107]. One
study was derived from Canadian data and was performed
from both societal and payer perspectives [58]. One study
was derived from French data and was performed from
both societal and payer perspectives [108]. One study was
derived from Balkan data and was performed from a societal
perspective [59]. One study was derived from German data
and was performed from a societal perspective [78]. A total
of nine studies utilized a payer perspective in their base-case
analysis [1, 33, 38, 39, 55, 80, 100, 101, 109], nine studies
utilized a societal perspective in their base-case analysis [35,
52, 59, 62, 77, 78, 84, 106, 107], and four studies included
both perspectives in their base-case analysis [48, 58, 66, 108].

3.4. Results by DMT Type. Of the included studies, 16
included an interferon product [1, 33, 35, 38, 39, 52, 55, 58,
59, 66, 77, 78, 84, 100, 106, 107], 12 included glatiramer
acetate [1, 33, 35, 38, 39, 48, 52, 59, 77, 78, 84, 100], six
included natalizumab [33, 39, 48, 52, 62, 80], two included
mitoxantrone [101, 109], and one included fingolimod [80].
The cost-effectiveness of each DMT varied greatly depending
upon the study design, perspective, and treatment com-
parisons chosen. However, natalizumab was found to be
cost-effective or dominant in all studies it appeared in [33,
39, 48, 52, 62, 80], with one exception being the lifetime
cost-effectiveness study from a healthcare perspective by
Earnshaw et al. [48]. Mitoxantrone was not compared to
another DMT in either of the studies in which it was included
(101, 109].

3.5. Results by Primary Outcome and Time Horizon. The
most prominent primary effectiveness outcome chosen was
QALYs, which was represented in 13 of the 22 studies

(35, 48, 52, 59, 62, 66, 77, 84, 100, 101, 106—108]. The next
most prevalent primary effectiveness outcome was relapses
avoided, which was represented in six studies [1, 33, 39, 55,
78, 80]. Two studies included relapse rate reduction as a
primary outcome [38, 109]. Reduction in EDSS score [109],
cost to health plan [39], relapse free days gained [55], and
quality-adjusted monosymptomatic life years (QAMLY) [58]
were chosen as primary outcomes each in one study. The
studies with QALYs as the primary outcome had time
horizons that ranged from 10 years to lifetime. The studies
with relapses avoided as the primary outcome had time
horizons of either two or four years.

3.6. Quality Assessment of Health Economic Analyses Results.
Table 1 presents the QHES scores for each cost-effectiveness
study. No studies were assigned quality category 1, four stud-
ies were assigned quality category 2 [33, 38, 59, 109], three
studies were assigned quality category 3 [58, 66, 108], and 15
studies were assigned the highest quality category 4 [1, 35,
39, 48, 52, 55, 62, 77, 78, 80, 84, 100, 101, 106, 107].

3.7. QHES Subdomain Results

3.7.1. Model Structure. In 21 of the 22 studies, the objective
was “presented in a clear, specific, and measurable manner”
(QHES item 1) [1, 35, 38, 39, 48, 52, 55, 58, 59, 62, 66,
77, 78, 80, 84, 100, 101, 106-109]. 12 studies appropriately
stated and justified the perspective employed (QHES item
2) [1, 39, 52, 55, 78, 80, 84, 100, 101, 106—108]. 16 studies
justified the time horizon chosen as appropriate to capture all
important and relevant outcomes (QHES item 8) [1, 35, 39,
48, 52, 55, 59, 62, 66, 78, 80, 84, 100, 101, 106, 107]. In
14 studies the economic model, methods, and analysis were
transparent and repeatable (QHES item 12) [1, 35, 48, 52,
58, 62, 77, 78, 84, 100, 101, 106-108]. 14 studies properly
justified the model chosen (QHES item 13) [1, 35, 39, 48, 52,
55, 62, 77, 80, 100, 101, 106—108].

3.7.2. Model Inputs: Cost and Effectiveness Measures. Inputs
were drawn from the best available source in 20 of the 22
studies (QHES item 3) [1, 33, 35, 38, 39, 48, 52, 55, 58, 62,
66, 77, 78, 80, 84, 100, 101, 106—-108]. The data abstraction
methodology was adequately stated and repeatable in 20
studies (QHES item 7) [1, 35, 39, 48, 52, 55, 58, 59, 62, 66,
77, 78, 80, 84, 100, 101, 106—109]. The estimation of costs
was appropriate and repeatable in 20 studies (QHES item 9)
(1,33, 35, 39,48, 52, 55, 58, 59, 62, 66, 77, 78, 80, 84, 100, 101,
106-108]. In 16 studies the primary outcome measure was
clearly stated and negative outcomes were included, or
justification was given for their omission from the analysis
(QHES item 10) [1, 35, 39, 48, 52, 55, 58, 66, 78, 80, 84, 100,
101, 106, 107, 109]. 19 studies chose valid primary outcome
measures and justified them adequately (QHES item 11)
[1, 33, 35, 38, 39, 48, 52, 55, 62, 66, 77, 78, 80, 84, 100, 101,
106, 107, 109].

3.7.3. Results and Conclusions. 20 of the 22 studies performed
an incremental analysis for costs and outcomes between
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alternatives (QHES item 6) [1, 33, 35, 39, 48, 52, 55, 58, 59,
62,66, 77,78, 80, 84, 100, 101, 106-108]. 15 studies provided
stated conclusions that were justified and based upon study
results (QHES item 15) [33, 35, 38, 52, 58, 62, 66, 77, 80, 84,
100, 101, 106—-108].

3.7.4. Study Integrity: Uncertainty, Limitations, Assumptions,
Bias, and Funding. 20 of the 22 studies addressed uncertainty
(QHES item 5) [1, 33, 35, 38, 39, 48, 52, 55, 58, 59, 62,
66, 77, 78, 80, 84, 100, 101, 107, 109]. 14 studies explicitly
stated and justified the assumptions and limitations of the
chosen model (QHES item 13) [1, 35, 39, 48, 52, 55, 62, 77,
80, 100, 101, 106-108]. Nine studies explicitly discussed the
magnitude and direction of potential biases (QHES item 14)
(48, 52, 62, 77, 100, 101, 106-108]. 21 studies provided a
statement disclosing the source of funding for the study
(QHES item 16) [1, 33, 35, 38, 39, 48, 52, 55, 58, 59, 62, 66,
77,78, 80, 84, 100, 101, 106-108].

4. Discussion

Clinical guidelines for the treatment of MS with DMTs
remain underdeveloped and lacking in comprehensive un-
derstanding and consensus regarding what DMT should be
used for what type of MS patient. The American Academy of
Neurology (AAN) and the MS Council for Clinical Practice
Guidelines have not published comprehensive guidelines
including all current DMTs for the US since 2002 (guidelines
were reaffirmed in 2008) [110]. In the UK, the National
Institute for Clinical Excellence (NICE) relies on guidelines
for the treatment of MS that were published in 2003 [111]. In
parallel to the development of current and accurate clinical
guidelines is the need for quality and consistency in CEA of
DMTs for MS. We compare our systematic review findings
with past recommendations and highlight areas of progress
and those in need of further development.

There was a preponderance of simulation models within
our included studies. Simulation modeling allows for the
projection of short-term data to reflect the chronic nature of
MS. The use of simulation models in lieu of long-term DMT
studies indicates progress in the field and is consistent with
previous recommendations regarding the use of simulation
modeling when long-term cost and outcome studies are lack-
ing. The large majority of these simulation models employed
a Markov structure, which allows for long-term analysis,
up to lifetime in scope. Markov modeling also allows for
transition between disease states for cohorts of patients,
which reflects the natural disease progression within MS.
This further indicates a positive trajectory in the cost-
effectiveness evaluation of DMTs for MS.

The past recommendations supporting use of the long-
term time horizons and societal perspectives harmonize well
with the use of QALYs as the primary outcome measure, as
was suggested by Kobelt [26]. The majority of studies utilized
long-term time horizons. More than half of the studies
included a societal perspective in their base-case analysis and
utilized QALYs as their primary outcome measure indicating
progress, albeit with room for improvement in adhering to

past recommendations. However, there were a significant
number of studies that utilized a two- or four-year time
horizon, payer perspective, and relapses avoided as their
primary outcome measures. The short-term time horizon
studies provide evidence for example to USA insurers who
may have 2- to 4-year average insured time horizons for
their populations. Past recommendations can be advanced by
suggesting that CEA studies on DMTs for MS should pri-
marily adopt a long-term time horizon, societal perspective,
and QALYs as the fundamental recommendation, with the
option to supplement the study with an added analysis using
short-term time horizons, payers perspectives, and clinical
effectiveness (or safety) measures such as relapses avoided.
A cost-consequences approach would allow for more than
one effectiveness (or safety) measure to be compared across
DMTs and should be considered depending upon the deci-
sion makers’ needs.

The assumptions employed in the simulation models
were diverse and inconsistent between studies indicating
much room for improvement in conforming to past recom-
mendations with respect to consistency in modeling. This
diversity is a factor in the wide range of cost-effectiveness
estimates for the same DMTs across studies. The generally
poor performance of studies in explicitly stating and properly
justifying model assumptions, discussing the magnitude and
direction of potential biases, employing transparent and
repeatable models/methods, and justifying their choice of
model (QHES items 12, 13, and 14) further indicates a lack
of adherence to proper guidelines within the field for con-
sistent and appropriate modeling methodology. We call for
more efforts in the standardization of cost-effectiveness stud-
ies within MS and for studies to provide rationale for why
the design and assumptions may differ from previous cost-
effectiveness studies.

The lack of head-to-head randomized controlled trials
(RCTs) between DMTs and absence of long-term observa-
tional data serve to drive the need for cost-effectiveness
studies to employ multiple assumptions since the appropri-
ate long-term comparative data do not exist. The currently
available RCT data are generally specific to individual
DMTs and are based upon different patient populations and
different study characteristics such as treatment adherence,
dropout rates, and adverse outcomes. Therefore, the results
of individual studies are contingent upon which RCT data
are employed, along with the assumptions included in the
model. This heterogeneity makes comparing the results
across studies difficult. More comparative head-to-head
RCTs among DMTs and prospective observational studies
are needed and will generate less heterogeneity in cost-
effectiveness model structures and inputs yielding less uncer-
tainty in cost-effectiveness results. It is important that proper
guidelines for cost-effectiveness modeling [112] are utilized
by researchers to maintain consistency and comparability
within the field. Progress of this order is necessary to satisfy
the recommendation that standard modeling is employed
across studies, which we found to still be largely unfulfilled
in recent studies.

Finally, there was a lack of cost-effectiveness studies on
fingolimod. There is a need for studies including fingolimod



10

as a comparator, specifically coupled with traditional DMTs
(interferons and glatiramer acetate) to determine this new
treatment’s value as a therapy option in MS. Given the high
annual treatment cost of fingolimod, the cost-effectiveness
evidence as compared to other DMTs becomes even more
important. There were no studies that included all approved
DMTs as comparators indicating a need for a comprehen-
sive study including all appropriate DMTs for particular
MS patient populations. A comprehensive cost-effectiveness
study of this nature would help to alleviate the problems
of comparing cost-effectiveness across different studies that
employ different methodologies and study assumptions.

5. Conclusion

The cost-effectiveness body of evidence of DMTs for the
treatment of MS has shown progress in responding to
the recommendation of past reviews, while there remains
room for improvement in many areas. The area of greatest
advancement is in the use of simulation models that repre-
sent the chronic nature of the disease. This appears to be
the dominant trend in current studies. To a lesser degree,
the field has shown progress in adhering to the recommen-
dation that long-term time horizons, societal perspectives,
and QALYs are utilized, albeit with room for further
improvement. We recommend that studies utilize lifetime
horizons, societal perspectives, and QALYs as the primary
standards in CEA studies of DMTs for MS, with the option
to supplement the base-case analysis by including short-
term horizons, payer perspectives, and a cost-consequences
approach. This recommendation conforms to the sugges-
tions of past reviewers, while adding the ability for individual
studies to inform multiple decision makers. There is a great
need for improvement in the standardization of modeling
procedures and data inputs. We recommend that modeling
and input assumption standards are developed within MS
cost-effectiveness studies to aid comparability across future
studies. The recommendation to perform head-to-head
RCTs between DMTs and collect long-term prospective
observational data would improve study consistency in the
future. Finally, we recommend that comprehensive studies
comparing all approved DMTs in concert are performed
to help control for the inconsistencies between studies and
provide meaningful results for decision makers.
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