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Abstract

Background Multiple sclerosis (MS) is a chronic, autoimmune, and inflammatory disease. The economic burden

of MS is substantial, and the high cost of Disease-modifying drugs (DMDs) prices are the main drivers of healthcare
expenditures. We conducted a systematic review of studies evaluating the cost-utility and cost-effectiveness of DMDs
for relapsing—remitting multiple sclerosis (RRMS).

Materials and method Searches were conducted in PubMed, Web of Science, Scopus, and Embase. The search cov-
ered articles published between May 2001 and May 2023. Studies that were written in English and Persian and exam-
ined the cost-utility and cost-effectiveness of DMDs in patients with MS were included in our review. Data extraction
was guided by the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) checklist, and the quality
of economic evaluations was assessed using the Quality of Health Economics Studies Instrument (QHES). All costs
were converted to 2020 U.S. dollars using Purchasing Power Parity (PPP).

Results The search yielded 1589 studies, and 49 studies were eligible for inclusion. The studies were mainly based
on a European setting. Most studies employed Markov model to assess the cost—effectiveness. The lowest and high-
est numerical value of outcome measures were -1,623,918 and 2,297,141.53, respectively. Furthermore, the lowest
and highest numerical value of the cost of DMDs of RRMS were $180.67, and $1474840.19, respectively.

Conclusions Based on the results of all studies, it can be concluded that for the treatment of patients with MS, care-
oriented strategies should be preferred to drug strategies. Also, among the drug strategies with different prescribing
methods, oral disease-modifying drugs of RRMS should be preferred to injectable drugs and intravenous infusions.
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Introduction

MS is a chronic demyelinating disorder of the central
nervous system that is clasified as an immune-mediated
inflammatory disease [1, 2]. The clinical course and
severity of the disease are variable, but the most com-
mon symptoms of the disease include paralysis, tingling,
weakness, impaired balance and gait, blurred vision or
diplopia, vertigo, cognitive impairment, fatigue, and uri-
nary bladder dysfunction [3]. The prevalence of MS has
increased in many parts of the world since 2013. The
number of patients with MS has increased from 2.3 mil-
lion in 2013 to 2.8 million in 2020 [4]. A meta-analysis
study in 2020 indicated that the annual prevalence of MS
had increased by 2.3% in the span of 1985-2018 [5]. The
disease usually occurs between 20-50 years of age and
women are twice as likely to have MS as men [6].

The course of MS is divided into four types: progres-
sive-relapsing MS (PRMS), RRMS, primary progres-
sive MS (PPMS), and secondary progressive MS (SPMS)
[7]. RRMS, the most common form of MS is marked by
worsening of neurological symptoms or unpredictable
relapses, (also knwn as exacerbations and attacks). A
relapse is followed by a remission. During a remission,
symptoms partly or completely go away [8]. About 85%
of people with MS are initially diagnosed with RRMS,
which is characterized by destructive attacks on neurigi-
cal function, followed by periods of remission, and with-
out progression of the disease. Approximately 50% of
patients with MS will eventually transition to SPMS. This
transmission is characterized by progressive worsening
of the disease [9]. SPMS affects women twice as often as
men [7]. Relapse and disability level are associated with a
higher risk for mortality, additional costs, and quality of
life (QoL) losses [10].

There are several pharmacological treatments for
RRMS. These disease-modifying therapies (DMTs) can
reduce the number of relapses, stop or slow the progres-
sion of residual disability [10] and delay the progression
of the disease but contribute to increased treatment costs
[11]. The main goal of different MS treatments is to pre-
vent or delay long-term disabilities. There is currently no
definitive cure for MS, but various drugs are being used
to control the disease, amongst which are interferon beta
and glatiramer acetate, oral drugs (dimethyl fumarate
(DMF), teriflunomide and fingolimod), natalizumab and
alemtuzumab [12].

MS imposes a substantial economic burden on the
healthcare system, patients, caregivers, and society
as a whole because of its chronic progressive disease
course [13]. The annual healthcare cost per MS patient
increased from $ 45,471 in 2011 to $ 62,500 in 2015.
In addition, the annual cost of purchasing medica-
tion for each MS patient increased from $ 26,772 to $
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43,606 during the same period [14]. The costs of DMDs
account for a large proportion of total medical costs
(64% to 91%) [15]. A study in Spain indicated that the
total cost of MS was € 1395 million per year, with an
average annual cost of € 30,050 per patient. In addition
to the costs, the disease significantly impacts patients’
QoL, and MS caused a loss of 13,000 quality-adjusted
life years (QALYs) annually [16].

A study in France in 2016 estimated the incremental
cost-effectiveness ratio (ICER) for delayed-release DMF
versus relevant MSDMTs available and demonstrated
from both the payer and societal perspectives DMF and
IEN beta-1a 44 mcg were the two dominant treatments.
IEN beta-la 30 mcg, IFN beta-1b 250 mcg, terifluno-
mide, glatiramer acetate, fingolimod were dominated
on the efficiency frontier. From the societal perspective,
DMEF versus IFN beta-1a 44 mcg incurred an incremen-
tal cost of €3,684 and an incremental quality-adjusted
life year (QALY) of 0.281, corresponding to an ICER of
€13,110/QALY [17]. A study in the US demonstrated
that over 10 years, peginterferon beta-la was dominant
(i.e., more effective and less costly), with cost-savings
of $22,070 and an additional 0.06 QALYs compared
with interferon beta-la 44 mcg and with cost-savings
of $19,163 and 0.07 QALYs gained compared with glati-
ramer acetate 20 mg [18]. A study in 2022 estimated the
effectiveness and cost-effectiveness of 360 treatment
sequences in RRMS using a microsimulation model
from a societal perspective. In this study, the most effec-
tive treatment sequence was peginterferon, followed by
DMEF for patients were at first-line treatment. Patients
with relapse or Expanded Disability Status Scale (EDSS)
progression on either peginterferon or DMF were then
switched to second-line treatment ocrelizumab, then
natalizumab, and finally third-line treatment alem-
tuzumab. This sequence yielded 20.24+1.43 QALYs.
Also, the most cost-effective sequence (peginterferon,
glatiramer acetate, ocrelizumab, cladribine, and alemtu-
zumab) yielded 19.59 +1.43 QALYs [19].

Given the increasing number of MS patients and avail-
able DMTs, and the considerable economic burden
associated with MS, it is impoertant to identify which
treatment options are most cost-effective. The cost-util-
ity and cost-effectiveness of different oral and injectable
DMTs has been evaluated in previous studies, but cost-
utility and cost-effectiveness analysis of RRMS treat-
ment sistematically has not yet been put forward in a
single study. Starting from this point, we aim to fill the
gap in the literature by conducting a systematic review to
analyze cost-utility and cost-effectiveness of DMDs for
RRMS. For this purpose, the present study aimed to ana-
lyze the cost-utility and cost-effectiveness of relapsing—
remitting drugs for MS.
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Methods

Study design

A systematic review was conducted in accordance with
the Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) 24-item checklist [20].

Search strategy

We searched Pubmed, Web of Science, Scopus, and
Embase databases for eligible studies published until
August 2023. The search covered eligible articles pub-
lished between May 2001 and May 2023. The search of
all databases was initially conducted in January 2020 and
was updated in August 2023. The search was conducted
using combinations of Medical Subject Heading (MeSH)
terms for “Disease-Modifying Drugs, Relapsing—Remit-
ting Multiple Sclerosis, Cost-Utility Analysis, Cost-
Effectiveness Analysis” to retrieve potentially relevant
publications (Additional file 1). Additionally, we searched
on Google Scholar based on keywords and examined the
reference lists of included articles and grey literatures for
additional relevant articles. The search procedure was
completed with hand searching.

Eligibility criteria

The articles included in this review met the Population,
Intervention, Comparison, and Outcome (PICOS) cri-
teria contained in WHO guidelines: P: The population
comprised patients with MS and taking the drugs for
RRMS; I: The intervention comprised DMDs of RRMS;
C: The comparison included using other types of drug
and treatment methods (if could be substituted); O: Out-
comes measure included ICER and costs per natural unit
of health measurement; S: Studies employed economic
evaluation. In our review, the articles were included if
they: (1) published until August 2023 and estimated the
cost-utility and cost-effectiveness of DMDs for patients
with RRMS. Studies were excluded if they were (1)
review, conference abstracts, protocols, letters to the edi-
tor, (2) were not published in English and Persian lan-
guages, (3) if their full text was not available, and (4) and
they did not conduct an original economic evaluation
(e.g. effectiveness evaluation, cost evaluation).

Study selection

After duplicate articles were removed using EndNote
software, two reviewers (NAG & MKH) independently
reviewed the title and abstract of all articles obtained
from the literature searches for eligibility and discussed
when discrepancies arose. Next, two reviewers (NAG
& MKH) independently evaluated the full-text articles
of all identified citations to establish relevance of the
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article according to the prespecified criteria. In the case
of disagreement in the selection process, any discord was
resolved by discussion with a third reviewer (NM).

Data extraction

NM, SS, AE, SH and SS extracted data, and NAG and
MKH checked the extracted data. For each study that
met the selection criteria, details extracted included the
first author’s name, year of publication, outcome meas-
ure, setting, study population, interventions, type of eco-
nomic evaluation, perspective, time horizon, willingness
to pay (WTP) threshold, discount rate, sensitivity analy-
ses, etc. All costs were converted to 2020 U.S. dollars
using Purchasing Power Parity (PPP).

Quality assessment

Quality assessment was done using the Quality of
Health Economics Studies Instrument (QHES).
QHES is a validated quality-scoring instrument (score
range =0-100; >75=high quality), and a practical quan-
titative tool which widely used in quality appraisal of
cost-effectiveness studies [21]. Using this tool, studies are
graded on whether they provide relevant information that
is standard to reporting in economic evaluations, such as
an explicit statement of the main objective, specify the
inclusion and exclusion criteria, the information sources
etc. The tool gives weighting scores to different quality
indicators (Table 1). In this review the quality scoring was
conducted independently by the first and second authors,
and then compared for agreement. Disagreements were
resolved through subsequent discussions. The agreement
on scoring was 77%.

Results

Study selection

As shown in Fig. 1, the literature search yielded 1589 arti-
cles. After the removal of duplicates, titles and abstracts
of 549 articles were screened, and 376 irrelevant articles
were excluded. Additionally, a further 5 relevant articles
were identified by hand searching. A total of 178 articles
were selected for full-text evaluation, of which 129 were
excluded because they did not meet one or more of the
inclusion criteria. Finally, 49 articles met eligibility crite-
ria and were included in our review.

Characteristics of included studies

Of the included studies, twenty-four studies were carried
out in European countries, seven in the United States,
four in Canada, six in Iran, four in Saudi Arabia, one in
Thailand, one in Colombia, one in Chile, and one in Leb-
anon. Thirteen studies conducted CEA using a Markov
model [18, 22-34], eight studies conducted CUA using
a Markov model [35-42], one study conducted CUA
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Table 1 The quality of health economic studies (QHES) instrument

Questions Weight
1 Was the study objective presented clearly and in a measurable manner? 7
2 Were the perspective of the analysis (health system, third-party payer, etc.) and reason for its selection stated? 4
3 Were variable estimates used in the analysis from the best available source (i.e. randomized control trial—best, expert opinion—worst)? 8
4 If estimates came from a subgroup analysis, were the groups prespecified at the beginning of the study? 1
5 Was uncertainty handled by: (1) statistical analysis to address random events; (2) sensitivity analysis to cover a range of assumptions? 9
6  Wasincremental analysis performed between alternatives for resources and costs? 6
7 Was the methodology for data abstraction (including the value of health states and other benefits) stated? 5
8  Did the analytic horizon allow time for all relevant and important outcomes? Were benefits and cost that went beyond 1 year dis- 7
counted and a justification given for the discount rate?
9 Was the measurement of costs appropriate and the methodology for the estimation of quantities and unit costs clearly described? 8
10 Were the primary outcome measure(s) for the economic evaluation clearly stated and were the major short-term, long-term, and nega-
tive outcomes included?
11 Were the health outcomes measures/scales valid and reliable? If previously tested, valid and reliable measures were not available, 7
was justification given for the measures/scale used?
12 Were the economic model (including structure), study methods and analysis, and the components of the numerator and denominator 8
displayed in a clear transparent manner?
13 Were the choice of economic model, main assumptions and limitations of the study stated and justified? 7
14 Did the author(s) explicitly discuss direction and magnitude of potential biases? 6
15 Were the conclusion/recommendations of the study justified and based on the study results? 8
16 Was there a statement disclosing the source of funding for the study? 3

—
= 1589 records retrieved from: PubMed,
=] ‘Web of Science, Scopus, and Embase
2
SE Number of studies excluded due to
= duplication
% (n=477)
—
Records after duplicates
removed
- (n=1112) Number of studies removed due to
R unrelated title
v (n=563)
o0 Number of studies to review the
=
% abstract
3 (n=549)
£~
3}
<] Number of records excluded due to
> unrelated abstract
(n=376)

A 4

i 129 Full-text articles excluded with
Full-text articles assessed for

—
o
>
N
=
= S Reasons:
) eligibility
E (n=178) -Review, conference, protocols,
letters to the editor
—
( ) Records identified by » -Not published in English and
E hand searching: n=5 d Persian languages-
= y -If their full text was not available,
S . L
2 Studies included in the and they did not condL_lct an original
= R economic evaluation (e.g.,
\ ) review: n=49 effectiveness evaluation, cost
evaluation).

Fig. 1 Flow chart of the study selection process
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using a 31-health-state Markov model [43], one study
conducted CEA using a 5-year cohort-based Markov
model [44], one study conducted CEA using a 1-year
cycle cohort-based Markov state transition model [45],
one study conducted CEA using a lifetime Markov model
[46], five studies conducted CEA [2, 47-50], two studies
conducted both CEA and CBA [10, 51], one study con-
ducted CEA using simulation model [52], one study con-
ducted CEA using a treatment-sequence model [53], one
study conducted CUA and budget impact analysis (BIA)
using a Markov state transition model [54], one study
conducted CEA using a published Markov structure
with health states based on the Expanded Disability Sta-
tus Scale (EDSS) [55], one study conducted CEA using a
Markov state transition model [56], one study conducted
CEA using a Markov economic model [57], five studies
conducted CEA using a cohort Markov economic model
[10, 13, 17, 51, 58], one study conducted CEA using a
microsimulation model [19], one study conducted CEA
using a discrete-time Markov model [59], one study con-
dcuted CEA using a cohort-based multi-state Markov
model [60], and one study conducted CEA using a proba-
bilistic Markov model (second-order Monte Carlo simu-
lation) [61] (Table 2).

One study was conducted from the UK societal cost
perspective [22], two from UK National Health Service
[2, 58], one from UK third-party payer perspective [55],
two from Canadian healthcare system perspective [13,
59], one from Chilean health care public sector perspec-
tive [38], one from Kingdom of Saudi Arabia payer’s per-
spective [56], two from Payer perspective [34, 45], one
from the Colombian healthcare system perspective [57],
one from Italian societal perspective [28], one from Ital-
ian National Healthcare System perspective [60], one
study from Swiss health insurance perspective [30], one
from Payer and societal perspective [17], eleven studies
from societal perspective [19, 27, 29, 31-33, 35, 42—-44,
51], three studies from Ministry of Health perspective
[50, 52, 64], one from Third-party payer perspective [23],
one from Saudi payer perspective [24], two from US
payer perspective [18, 37], one from US health care payer
perspective [47], one from both National Health Service
and Personal Social Services perspective [25], two from
Spanish National Health System [39, 61], one from third-
party payer perspective [63], one from both patients and
third-party payers perspective [26], one from healthcare
perspective [36], one from public healthcare perspective
[49], one from both National Health Service and Personal
Social Services perspective [41], one from both third-
party payer & Societal [46], and one from Finnish payer
perspective and Scenario analysis with a societal per-
spective [10], one from both health economics and soci-
etal perspective [53], one from Lebanese National Social
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Security Fund (NSSF) perspective [54], and one from
both healthcare sector & societal perspective [40].

Twenty-seven studies were conducted under the spon-
sorship of a pharmaceutical/biotechnoloy company [10,
13,17, 18, 22, 23, 25, 27, 28, 30, 33, 34, 38, 39, 41, 42, 47,
48, 53-56, 58—61, 64]. Seven studies had no sponsorship
[24, 26, 35, 44, 46, 51, 63]. The time horizon was variable;
in some articles, it was between 5—-10 or over [18, 23, 26,
51] years, while in others, it was 50 years or over [28, 39,
41, 42, 54, 56]. Discount rates were very similar, mostly
between 3% and 5—6%. For more details, see Table 2.

Sensitivity analyses were done in the majority of the
studies. Sensitivity analyses methods varied with two
studies using one-way deterministic sensitivity analysis
[23, 26], nine studies using one-way and probabilistic
sensitivity analyses [24, 29, 37, 51, 56, 59, 60, 63, 64], one
study using one-way, scenario and probabilistic sensitiv-
ity analyses [40], two studies using one-way determinis-
tic and probabilistic sensitivity analyses [30, 34], seven
studies using probabilistic sensitivity analysis [10, 13, 18,
19, 25, 48, 53], three studies using univariate sensitivity
analysis [22, 46, 61], one study using Multivariate Monte
Carlo sensitivity analysis [2], three study using sensitivity
analysis [36, 47, 52], one study using Multiple univariate
sensitivity analysis [31], four studies using both univariate
and probabilistic sensitivity analysis [17, 27, 35, 57], one
using univariate deterministic and probabilistic sensitiv-
ity analyses [28], nine studies using both deterministic
& probabilistic sensitivity analysis [32, 38, 39, 41, 43-45,
54, 58], one study using both univariate deterministic and
multivariate probabilistic [42], one study using two-way
sensitivity analysis [50], one study using three-way-multi-
nomial-propensity-score—matched analysis [55], and one
study using scenario and probabilistic sensitivity analyses
[33] (Table 2).

Eight studies analyzed the injectable DMDs of RRMS
[2, 18, 25, 26, 46, 47, 50, 52], in three studies symptom
management [31, 36] and supportive care [27] were
included in the cost-effectiveness analysis in addition to
injectable form of medication; three studies analyzed the
oral DMDs of RRMS [39, 41, 45], eleven studies analyzed
both injectable and oral DMDs for RRMS [10, 17, 24, 30,
35, 42, 48, 51, 59, 60, 64]. In three studies, in addition to
these two forms of medications, the best supportive care
(BSC) strategy [10, 30] and symptom management [24]
were included in cost-effectiveness analysis. Eight stud-
ies analyzed both oral and intravenous infusions DMDs
of RRMS [32, 38, 40, 44, 54, 55, 57, 58]. Ten studies ana-
lyzed all three types of DMDs of RRMS [13, 19, 23, 33,
34, 37, 49, 53, 56, 64]. In four studies, in addition to these
three forms of medication, the BSC strategy was included
in cost-effectiveness analysis [13, 33, 34, 37]. and three
studies analyzed the injectable and intravenous infusions
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DMDs for RRMS [22, 28, 63]. In two studies, symptom
management [63] and BSC [22] strategies were analyzed
in addition to these two forms of medications. Three
study analyzed only intravenous infusions DMDs for
RMS [29, 43, 61, 62] (Table 2).

Quality of included studies

The studies included in the literature review were of
variable quality (Table 2). Forty-four studies were graded
high, 2 were thought to be fair and 1 was poor.

The proportion of studies that met the criteria for
reporting of economic evaluations used in the quality
index tool is shown in Table 3.

All the studies expounded their purpose clearly, and
economic evaluation was the primary objective the
most included studies. Most of them calculated costs
appropriately and made a straightforward description of
the methodology used. Most of the studies gave details
of the economic model used and of the numerator and
denominator components of the ICER, and also reported
incremental cost and incremental cost-effectiveness ratio
(ICERs) per different natural units particularly the quality
of life years (QALYs). Most of them justified their conclu-
sions based on the results obtained. The study perspec-
tive was stated in all articles except for one study did not.
Most of them provided a justification for the discount
rate. Also, most of the studies disclosed their funding
sources except for seven studies did not.

Page 17 of 37

Outcome and cost estimates

Most of the included studies reported incremental cost
and incremental cost-effectiveness ratio (ICERs) per dif-
ferent natural units particularly the quality of life years
(QALYs). The numerical value of outcome measures
ranged from -1,623,918 to 2,297,141.53. In a study by
Sawad et al., the lowest numerical value was related to the
comparison of strategies 4 (symptom management (SM)
and alemtuzumab) and 3 (SM and natalizumab), and the
highest numerical value was related to the comparison of
strategies 2 (symptom management (SM) and IFN-f-1a)
and 1 (SM alone) [63]. In a study conducted in Italy, the
highest value for the total lifetime cost per patient treated
with IFN beta-1b—250 mcg was $1,474,840.19 [42],
Table 4.

The incremental cost-effectiveness ratio of the included
studies

As the outcomes and protocols of each study were too
heterogeneous to allow a statistical analysis of grouped
data, we presented the results using a descriptive analy-
sis approach (Table 4). Ten studies analyzed the first
line of treatment [10, 24, 27, 35, 42, 47, 48, 51, 55, 64],
three studies looked at both first- and second-line treat-
ment [13, 17, 53], and two studies focused on first-, sec-
ond- and third-line treatment [19, 63]. One study looked
at both first- and second-line treatment of RRMS as well
as first-line treatment of PPMS [37]. One study looked at
for the treatment of both RMS and PPMS [33]. Moreover,

Table 3 Proportion of studies that met the selected criteria for grading economic evaluations

Questions N
1 Was the study objective presented clearly and in a measurable manner? 49
2 Were the perspective of the analysis (health system, third-party payer, etc.) and reason for its selection stated? 48
3 Were variable estimates used in the analysis from the best available source (i.e. randomized control trial—best, expert opinion—worst)? 37
4 If estimates came from a subgroup analysis, were the groups prespecified at the beginning of the study? 49
5 Was uncertainty handled by: (1) statistical analysis to address random events; (2) sensitivity analysis to cover a range of assumptions? 47
6 Was incremental analysis performed between alternatives for resources and costs? 43
7 Was the methodology for data abstraction (including the value of health states and other benefits) stated? 45
8 Did the analytic horizon allow time for all relevant and important outcomes? Were benefits and cost that went beyond 1 year discounted 46

and a justification given for the discount rate?
9 Was the measurement of costs appropriate and the methodology for the estimation of quantities and unit costs clearly described? 43

10 Were the primary outcome measure(s) for the economic evaluation clearly stated and were the major short-term, long-term, and negative 47

outcomes included?

11 Were the health outcomes measures/scales valid and reliable? If previously tested, valid and reliable measures were not available, was justifi- 49

cation given for the measures/scale used?

12 Were the economic model (including structure), study methods and analysis, and the components of the numerator and denominator 43
displayed in a clear transparent manner?

13 Were the choice of economic model, main assumptions and limitations of the study stated and justified? 47

14 Did the author(s) explicitly discuss direction and magnitude of potential biases? 46

15 Were the conclusion/recommendations of the study justified and based on the study results? 41

16 Was there a statement disclosing the source of funding for the study? 42




Page 18 of 37

:12

(2024) 14

Gallehzan et al. Health Economics Review

L'c— Lcl9 LS¥'le $1£°€85'T8L Splwounyus]
675— €0L9 LSY' LT $LE/89901'L qewnzijeleN
90L— 6L LS¥'Le $79618'er8 ql-e19q uoiapLu|
sJo1eledwiod Jualeyp Jsulebe pauted £y— 5ez9 IS’z $1915l's6/ (WI) eL-833q UCIBLIRW
s1eak-3y1 paasnipe-Aijenb uad 9ze 57z . . . . e1-150 UOIOLIBIU
oAl IPNES JO POYS3ILL B 18 2AD2Y2 €C— [7A LS¥'Le SL918Y'YvLL (3s) eL-e39q 449}
-1502 BuIaq Jo Ajigeqoid 9500 01 96l — L6C9 LSY'LT $8€° 109768 powtjobuiy
918 UB PaMOUS S19]GeY dUIGLP.|D - rd B L££9 LSt'Le $Y/T0v'€98 ajesewny Aypawig
s101e1edWOD BY1 ||B SNSIDA (SADYD )
210U pue A;3502 s3] ‘al) Abarens vel— vel's LS¥'le SPEBIL'198 qewnznjwa|y YED)]
1UBUIWIOP a1aM S13|ge) sulqupe|D- 9OUI9oY 8/EL LSy'Le $¥CSTS'6SL auiquped B A1°A1V0 [95] (1202) ‘|2 32 ebajyog
(AvO/€€8'62$ ¥3DI)
geuwnz||eleu SNSISA SUIQLPE|D JO
Y3DI 243 Ul 3583103p B PAMOYs INg
‘Al[enueisgns synsal syl AJipow Jou
PIP JUNODSIP %01 € JO SISA[eue oLeu
-325 7 "2UIqUpe|d AQ pa1eulop sem
QeWNZNIWS|e pue ‘qewnzijeleu pue
aulquped Aq paeuiwlop A|pa
-puUBIXa SeM gewWINZIRIDO (198'/€$ suIqupe|) Ag pareulwoq $ $7'8879- 98/°01 - $ 7' 160'S0€ qewnzmuws|y
[43DI] 0181 SSOUDAINIDYS-1SOD [e) $987/L'EE oLl - $6//97'10€ auiqupe|d
-usawaioul) AjAdadsal ‘'s/g'| pue
686'0/550 JO SKIVD PUB 51509 (pareuiop papua) )
[EIUSWAIDUI YUM PIIRIDOSSE SeM Sul $85°8C€09 66 - SEEILTLST qewnzi|3150
-QUpej> ‘qewnzijeleu yum paledwiod 0$ 6156 - $¥5905'£T¢C qewnzijejeN H¥3ID1'AIVO [8€] (1Z07) ‘|2 32 ezoulds3
(1uaned Jad $1502 Jamo| €4,8'07F pue
SATVO J2ub1y €570) sisAjeue
SSOUBAIIDRY-1S0D 35I-35e( AU Ul
POWIOBUY (51503 JAMO] PUB SKTYD (JueuIWIOQ) qewnzijeleN vy S0z (3s02103uIp [e10]) § £6TTET0L powijobuly o
J3yB1y) pateurop gewnzijeleN ediwog JA YA SO0 (1502 122uIp [e101) § LO°618'LL9 qewnzijejeN B A1°A1V0 [55] (z20T) *1e 33 uewjads
pauteb AIv0 Jod asn 0007z 40
PlOYsaly1 e 1e ‘gewinzijeleu pue
‘powiljobuy ‘gewnzniws|e o) pased
-W0d Uaym AbBarens dnnadelsy) Jueu lueulwop sulglpey S99 Sraqv4 $99'€9€'90¢ qewnzijejeN
-IWIOp £][e21WoU0d3 Ue a1 $)3|qel aul 1UBUILIOP BUIgLPRD 0519 Sceoe $ 1'696'60€ pouwijobuiy
-qupe)d ‘sisAjeue 10edwl 196png pue ,
sisKjeue ALIARISUSS ‘sisA[eue ased aseq ueulwop suiglped LV6'9 STT0T $T6'S18'LLT qewnzmuwa|y o
‘'sisAjeue A11jn-1502 ayy 01 bulpIOdDY Uiy 98lL S¢coc $ L91760'6€C si9|qe} auiqupe|d B A1°A1V0 [7S] (zzZ0T) "2 30 luzey
SUI[-PUODSS PUB -151Y Ul
geunuiniejo SNSIsA 9A1109)9-150D
Bulsq gewnzi2100 Jo Aljigeqoid ay |-
S Buisdejas ul aull-puoas 1o
-1s1y Jaylle Ul qeuwnuwiniejo pue
gewnz|[2120 Yum ssdusnbss jo . .
SSOUDAIIDRYD-1S0D B} Ul 9dUd B 58l - $ 8T'€C9TC9 qewnwniejo
-I94Ip Je3|> OU sem 319y |- - 6l - $2002€'S€9 qewnzi|p>0 SATVO [€5] (€20T) "|e 32 s1vWIS
AV0 9TA
ainseapy
3nsai utepy ED)] DIA/ATVO $150) SUOIUAAISU| awodnQ (Je3A) dwieu s Joyne isii4

$S3IPN1S PIPN|DU JO SISO PUR SAWODINO ¥ 3jqeL



Page 19 of 37

:12

(2024) 14

Gallehzan et al. Health Economics Review

S1esewny [AyIswIp Yum pasedwiod
‘1uaned Jad ssausAndLys Jaiealb pue

$1507 JOMO| UM JUSLIE3I JURU - 15979 S6LYoYLLY ajesewny jAypawig
-IWIOP 34 24oM S19]qel SuIqUpe D ueuiwog 11599 - $05'18Y'66C si3|qe3auiqupe]d  Y3Id1 B ATVO [19] (€20T) "|e 39 |e3sauID
pauieb
AIVO 42d 6798913 18 159MO| sem
©[-P)3 UOIIR1UI JejndSsnwieul Jo)
SY3DI @Y "B |-P19Q UOISIS1UI SNO
-3UeINdgNS PUe ‘g | -813q UOISHIaIU| . . .
3121308 JSWEINBD) AG PaMO]j0) e $L190'87S JARS! - S ¥6785°09L ajejade Jswellie|n
-P13q UOI3JI31Ul JR[NDSNWIRIUL YUM el-ejaq
159MO| 3Jam 53502 Juaned-Jad uesw $007/9'687 Sgel - $18'7€C'6/8 uoJiajia3ul snoauelndqng
PUL S1LI9JL ISWRIREID PUE GL-€199 $ 1052078 8/€l - $ V855804 q1-e32q uosaLIR|
uoiapiaiu| ;m—‘muwﬂ Uolaj=1ul snoau
-e1n2qns AQ pamo)|o} ‘e | -e13q U0IS) elL-e12q
-121U] JBINSNWERIUI YlIM 15218316 $CTS0E'6LC yeel - SLrlolovs uoJajlajul Jejndsnweliu]
2Jam1uanied Jad paureb sATvO [e0L ERICIEIEN] L0€L - $7L69L'9%6Y aie>annoddnsisag  HIDIB AIVO [£7) (#L0T) |e 39 oquiag
pauled A1v0 4ad 000'0€ 3 01
000'0Z 3 Wouy Aed 03 ssaubull|im 1oy
9%1'96 PUB %976 U9amIaq pabuel
powljobuy 01 pasedwiod 9IRS
150D Sem S13|qe auIqUpe|D 18yl Aljiq
-eqoJd ay] "powlijobuy 01 pasedwiod
(SATVD L 1°L ) 9AnD242 210U pue (S1RUIWIOP) BUIGUPED 876 - (150> [e10L) $ /8/10'T6€ pouwijobuly
(3 9£5'98—) 51502 JaMO| JUSUI ] (3502 [e10])
JURUILIOP 3} SeM S13|qle) dUIGLP.D Sreuiwog 6£01 - $ 8Y'607'€ST auiquped ATV0 [6€] (LZ0T) *|e 32 BPaAOY
(19815 —=43DI)
11 Buneuiwop ‘powjobuy ueyl ,
(P6T A L0E) PIRIK KTYO J2uBIy pue : ot : § 9r6rT90L poutjobury
(£€1 86 ASN SA #20 08 ASN) S350 S8 10C-
[B10} JoMO] Pamoys geunzijeleN ‘a1euiwiog Loe - $15TL8'SL qewnzjjeieN Y4318 AIVO [£5]1(020T) |e 32 elAjeseq
AjoAndadsal
‘ploysaiyy Jo sy Jaybiy pue ,
13MO| 18 96985 PU %S/ G JO Ajiqe $ 00679,
-qoid e YIM ‘Uel| Ul 9A11D9443-150D Auaned Jad
319m Osfe pue 1uaned 1ad SATVO sa1euIwoq aulqupeD jspediad gl SS9Y 150D P3UNODSIP [R10] qewnzijeieN
[eUOIIPPE £00'0 PUR BuInes1S0D $00Tr8'69
asn £09'9 pap|alk pue gewnzijeieu auaned sad ED)|
pa3eulliop sis|gel aulqupe;s sreuiwoq 1waned sad 07/C SS9 1502 Pa1UNOdsIp [e10]. auiqupe|d B DA1°AIVO [¥] (LZ0T) ‘e 18 nedy
(£T°0) S\IVO J3yb1y pue saleulWoQ
"(#00°0) DA1496U0| ‘ASN 1£69 JO qewnz|2i00 61S 1258 $9/SPL9LL qewnzijeieN
SBUIARS-1S0D UM PIRIDOSSE SeM pue HER]|
gewnz|[eleu Pajeullop Gewnzi2i00 Sreuwog 657'S 5758 $61'620'601 qewnzijanN0 B DAT'AIVO [e] (1Z0T) 12 3 ey
Av0 9TA
ainseapy
1 nsai urey FED)| D1A/AIVO $350) SUONUAAIDIU| awodInQ (4e3)) dweu saoyine 314

(PanuNUOd) ¥ 3jqey



Page 20 of 37

:12

(2024) 14

Gallehzan et al. Health Economics Review

L¥9'LE $>J0

Ploysalyl 8yl Joj SUONeINWIS 3y JO
9001 Ul sjuaned ay3 10 dAIYD
-1S0D 210U SPM qeuixnill 1eyl
pamoys os|e s1o0|d Janeds ay| (/5T
‘SAG1'|) gewnzijeieu o) paledwiod
JaMO| Sem gewlixnil Ag asdejal Jo
3DU3PIdUI 3Y1 ‘UONIPPE U] (597 "SA
££'() SKIVO 210w pue (584/ 1'7SE

§ 7S £6-L0E85 §) SI509 JoMO| (3ueuILOP) gNWIXNIY ‘0 S9'L - $50'L18'9€ qewnzijelen
pey gewixniy Buiaiedal syuafeqd ueuiwoq ‘'szLo LLL - $€0TLSS qewixnyy 43212 AIVO [67] (ZzZ0T) "2 1o 99ez3Y
ATvD/000'0€3 JO plo
-ysaiy Aed-03-sssubul||im pardsdoe
AJUOWWIOD 3Y) 18 BAIIDDY3-1S0D Sem 689'cE €87 9791 S Y8679 1SY aplwounyua)
pouwiiuodis 1eyy paiedipul (££8'G13) . . . I
alelewny [AYIawip pue (£€0'017) LE8'S1 [4:24 99l $ STYCE L9y ajesewny j[Ayrawiq
powlijobuy ‘(09/'¥3) qewnzi[2130 €€00L 18T 979l $S1T0STULY powiobuly
‘(JUBUILIOP) GRWNZI[R1eU SNSIDA 09/ 617 9791 SYOSLLLLY qewnzi|p1>0
pouijuodis 10} ‘ATVO Jad 150D se paie| ) ) .
-n2Jed ‘sy3D)| ‘sio1eseduwlod [|e SNSIdA ueuiog 69°¢ scol $ (820066 qewnzijeleN H3DI [85]
powiuodis 10} 1238316 218M SATVO - Sr'e 6€91 $ 9659’18y powyuodis B SATATVO (zZ07) "|e 33 A13wobuop
SING Jayio 01
paledwod (000'0¥3) ploysaiyy Aed Secely'/L
-01-ssaubul|im pa1dande sy) mojsq “powjobuy SA Geuwnzniwa)y SLS - SLLS6LL19 pousjobuly
buiaq jo pooyX| 153ybiy Y1 ¢ /808911
pallied geWNZNIWa|Y 's9sAjeue ased :geuwNz||eleu SA qewnZNiwaly 809 - $¥991'259 gewnzi|eieN
-35eq ||e Ul S| Jau10 ay3 03 pased )
1105 51503 559] SAYD [Pluswanul S PEE/L9 1 NdI SAGewnzmuae 65 - $SL/SSPS el-g N4| snosueindgng
'SATVO 10w pap|RiA qewunzniwaly ediwog (A - S LL18E0VS qewnzmuwsly 432178 ATVO [7€] (6102) "|e 33 Jisiuels
S1B9A € 1XaU Y} Ul paseadul
126pNq ||BIAO 9| UBYY SS3] YUM
‘3|geuteIsns pue syuaned NS Ul ] ] ; o
AIR-1507 9 0} sWwass powuodss 168'8C 6t'S s0'8l $TLYOLYST powiuodis —
‘1 -£19q UOI3}Ia1UI 0} pasedio) - 1444 LLL] S$¥/600CLT qL-e13q uoJajlalu] 8 SA1°ATVO [09] (z20T) "2 39 159310
si01e|npowou (,ABa1ens
-NWWI [BUOUSAUOD 0} A|]31enbspe Buiydms, ) 3e3308
puodsai Jou op oym sjuaped ueujwoq Ds3 196 1961 (1502 |PI0L) § LOTET'SHO'L Jaweune|6/suoiapiau|
SINYY Ul 'slolejnpouiounwiwl buouse
BUIYDIMS "SA JURUIWIOP S| (,(353) A631eNS ED]]
ClPWINZI[PIBU O] UOIR[edS Al1e] Jueuiwog 6LLL oLoz (102 [e10) § ¥9'00L'£L0"L uole|esss,) qewnzijeleN 2 SATATVO [87] (6L0T) ‘| 3@ uauIn4
A0 914
aanseapy
3nsai urepy ED)] 9IA/ATVO $150) SUONUAAIRU| awomnQ (1e3A) Sweu s Joyine 1si14

(penunuod) fajqeLr



Page 21 of 37

:12

(2024) 14

Gallehzan et al. Health Economics Review

(bw 0v7)
$00'89+'88 - - - ?jesewny [Ay1dwig
$0068/7L - - $00/¥8'7L (6w 5°0) powitjobuty

$00€EL'SOL - - $009E0LL  (Bw 0f) a1e390R JoWeRIR|D
$005€07S1 - - $00%S5L'8SL  (Bw 0g) 2103908 JaWeIe|D
$00065'€EE - - $009£9'86€  (Bow pp) e-€13q UOIBLIBIU]
$00891'€C8 - - $00%89'cv8  (Bow O€) e1-219q UOIBLIRU|
$006l6'2EY - - - (6w gg) e1-e19q UOIBYIRIU|
(6w 0527)
$00'LEE V6L - - - qL-e33q UoJdj193u|
asnuoljiw 1 4036png e uo paseq $00T50'vT - - $ 00695652 (6w 1) apiounynia)
(b1 0¢ ©|-B19Q UOISHIDIUI SA) £G78% 01 ) ,
(pounjoBuy sA) g/ | 7$ woj Buibues $00°€09'08Y - - $0098L°L6Y (6w £) spiwounpyuay
SBUIARS 150D a1eDY1[e3y [ENUUE YIIM $ 00789'€H8
P31ID0SSE SeM POWIUBZO ULIM JUSW paploAy asdejay 1ad $150D
-1e311 S| N 13410 UM pasedo) $00'891'€C8 - - 2iedy}jesH pajejay-SIN [eI0L (6w 1) pownuezo 431 [87] (€20T) "|e 33 Jojue)
$ €E756'S01
:paploae asdejas Jad $150D
‘e1ep 419|dwod Jeaf-g ay)
Buisn sisAjeueas ayy uj -
$58'609'901
:paplone asdejas sad
- - - 51502 ‘|opowl [eUIBLIO 3Y3 U|- ?)e19de JIsWeRIIR|D
$S0L11SY0L
:paplone asdejas Jad s150D
‘e1ep Jo19|dwod Jeak-z ay1
Buisn sisAjeueas ayy U -
$€0°C0L'S0L
:paplone ssdejas sad ql-elaq
- - - u0J3}J33ul Snoduendqns
$06°€CL'9%
:paploae asdejas uad s150D
‘e1ep Jo19|dwod Jeak-z syl
Buisn sisAjeueal ayi U -
$88'88C'L6
:paplone ssdejas sad el-ejaq
- - - 51502 ‘|opouW [euIbLIO ay3 U|- u0J3}J393ul snoaduendqns
961 UYL $S3| Aq S3nsal SYT6ELY6
|eulblIo ay3 Woly pasayip saidesayy :paplone asdejai Jad s350D
€ J2Y10 243 10§ SNS3I Pa1eaidal aYd ‘e1ep 4912|dW0d 13-z )
sealaym ‘siskjeue [eulblio ay3 Ul ueyy Buisn sisAjeueas ayy U -
19MO| %Gt Al@1ewixoidde sem $€8:880'LLL
e -P12q U0I3}J31Ul Je[NdSNUIRIIUL IO} :paplone asdefas sad el-e1aq
paplone asdejai Jad 1502 ay | - - - 150D ‘[opow [eulfbLo Su) Ul- u0J3}J91ul Jejndsnwellu| - [/+) (LLOT) “|e 3 433dag
A0 PAVN
ainseapy
1nsai urepy ¥l STA/AIVO 5150 SUOIUAAIDU| awodnQ (Jed)) Swieu s Joyine 3sii4

(PanuNUOd) ¥ 3jqey



Page 22 of 37

:12

(2024) 14

Gallehzan et al. Health Economics Review

powijobuld :saidesayy aul

JUBUIWIOP gewnwnigjO [4a4’] LS8 $9L°€/5'(T9 -puo0>as 3y} 104 3503 |e30]
qewnzijeje :saidesayy aui|
JUBUIWIOP qewnwnieglo 8E1'6 788 $GTI8E'90/  -PuU0d3s 3Y) 1041503 |eJ0)
aulqupe|) :saidesay sui|
SEEL6E LY [a74°%] L1€8¢ $ ST6ET'L8S -puo0d3s ayj 1041503 [e101
ale)
aAnJoddng 3sag :saidesayy
S ¥86¥L'TT L9€/ €/0'8C $ 08'6€6'65S dUl|-351Y 3Y) 104 3505 |ejo|
eine)x3 :saidesayy
JUBUIWIOP GewnwiniegjO €08 68187 $9/9G1'EL9  DUII-1SIY By} 1041500 [e30L
uoiaselag :saidesay)
JUBUILIOP GPUINWINIRO) 1708 681'8C S/8LTI'L19 1514 9Y3 10§ 150D |e10]
i 199y :sardesayy
1UBUILLIOP qeuwnwingo 766/ 8/1'8¢C $ 08'8687€9 dUl|-351Y 3Y) 104 3503 |ejo]
T Jqay :saidesayy
1UBUlWOD gqewnwiniejo G808 0C'8e $8LLL6'€19 -1514 943 10§ 350D |ej0)
SUIGUPE[D SNSI9A 696'05 JO XaUoAY :saidesayy
43D Ue ul pa3jnsal pue poulljob JUBUIWOP gewnwiniejO 8LL'8 917'8¢C $1/09%¥'SC9  @ull-1siy 3y} 10§ 350D |30l
-UY pue gewnzieleu pajeuluop
gewnwN1eyo ‘(sisAjeue oleusds) said sjejade
-BI2Y1 2UI[-PUODI3S BUOWY DA1D3Y Jaweane| :saidesayy
1502 Bulaq Jo Aljiqeqoid g9 e S 19€r961 9508 061'8¢C S €6 E0V'6LS 9UI|-351Y 3Y] 10§ 150D |ejo)]
pey qewnwniejo ‘A1v0D/000'0S$ JO
ploysaiyy Aed-03-ssaubul|jim e 1y . .qu_mEE
AloAn2adsal KIVO/#L0'8C$ pue UeUIWOP geuwNwINIe : : el aul m_L_ ,_wwsnm .mwwuummuy
ATVO Jad S1ejop UeIpeue 681476 JO ueulwop q o) L7€'8 8€C'8C $89€r1979 11-354Y 3Y3 104 350D €30
SY30 UL Painsal GRLNUNIE0 aplwounpid) :saidesayy
‘aled anoddns 1s8q pue a1eiade . ) I ; X X
- UBUILIOP GeuwNWNIE, 3UI|-1SIY 33 10§ 150D |e]0,
Jaweiel Uy pareduwon qewnz Jeuiwop q 180 056/ 0£1'8¢C $ 12608819 11-3544 9Y3 10} 150 €301
-1[2120 pue ‘a1elewny |Ayiawip qewnzija.0Q :saidessyy
‘SUOJBJI21UL ‘BPILLIOUN|JLIS) JSAO JUBUIWOP qewNWNiglO Srl'6 €8€'8C $€6'75€'L€9 3ul|-1s4Y 3Y3 10§ 350D |10
(51502 19MO| ‘9AI1D3Y 2I10W) 1UeU
-IWOP SeM GRUINWINIRJO ‘SINYY 0§ qewnuwnie)Q :saidesayy ¥IDI
saidelayy pajesipul dul-isly buouwy - LLT6 90¥'8¢ $ €8'€6£'€09 3Ul|-351Y 343 10§ 150D €10 BIAAIVO  [€1](ZZ0T) '|e 39 Hoouleyeg
A1V 91A
aunseapy
1nsai urepy ¥IdI S1A/ATVO 5150) SUONUAAIIU| sawomnnQ (1e9A) Bweu sJoyine 1si14

(PanUNUOd) ¥ 3jqey



Page 23 of 37

:12

(2024) 14

Gallehzan et al. Health Economics Review

s|WQ pased

-WOD 2410 Y1 01 dA11e|al (sasdejal)
SHDBE JO JaquInU 2y 9oNpal ued
gewnz|[2/20 pue gewnzijeleu yiog -
D54 01 ARl (S1B3A 6577

SAGL'GT) A165°0 Aq srusned SNdd Jo

jueUILIOQ

JueUIWOQg

S 18%06'£C

$98919'GL

$¥8'798TL

STlere'st

S LY6CLEEL

C6'CSINY 104
SL'CSNY o4

9L'C SIWY 404

C0'C-SINY o4

60°C SIWY 404

L' SINY 104

£1'0°SINdd 104

LTS L SIWY Jo4
90'GL :SINY 404

90'SL *SWY 104

¥0'GL 'SINY 104

80'GL ‘SWY 104

SO'S L SINY Jo4

¥6'€L ‘SWdd 104

$9/'5/6'865 ‘SINY 104
$ LL195'€65 ‘SINY 104
$ 06097 7LS

SWY 104

$ T6'86C'STS

SIY 104
SYLLLOCES

SINY 104
$SLLLSTLS

SINY 104

$069CL'LSY
‘SWdd 104

qewnzijeleN

pouwijobuly

aplwounyual

?jejade JPWeRINR|D

9jesewny [Ayrpwig

el-g uoiayialu|

osd

Adoueidadxa 3| (paaunodsipun) LT'|'SINdd 104 €11 SWdd 104 $S2'601'85S ‘SWdd 104 431
95€310Ul 01 PA123AX3 S| GeWNZIRI0- - CTE SN Jo4 TS SINY 104 S 6V 6£07YS ‘SINY 104 qewnzijp»0 B SAK1°A1V0 [€€] (€20T) e 39 suney
suope|NwWiIs ay1 Jo
9%/°86 Ul JUBUIWOP SeM pue ATV Jad
3 18£'L€—J0 Y3D| UPSWI B Ul pa1jnsal
sisAjeue AARISUSS D1SI|Iqeqo.ld
'3 GE6'GT JO 9582109P 150D B pue
SAIVO 680 Jo uteb e ur bunnsas
‘uolssaiboud ul Aejap e yim pare ueudlwoq duiquped 85T - $6LTrL oY powijobuly
-I>0sse a1am si3|qel aulqupe|D lueujwoqd we - $L99pS'TEE s19|qey duiquped  Y3IdI B ATVO [S¥] (020T) e 33 oa13yuld
€cle 07’9 oA STYLEL 9L
:9ADadsiad [eldos - -dadsiad |e3aidos - :9A1dadsiad |eyaos -
ezl esaned cor'9siuaiied SS9zl
pasuaLadxa SINYY pasuauadxe SNYY :syuaiied
:3A1dadsiad 103 :aA1dadsiad 103 padusLadXa SIAYY :BAIR
(SAIVO 0870+ PUe 18778/93 — A 08%°0 -39s aJedy3|esH- -39s aJedyyjesH-  -dadsiad 101d9s aiedyy|esH -
->adsiad |e12120s Wm\ﬂd\o 087’0+ pue
897013 —:2Andadsiad 101095 €09°¢ 901’9 oAl $78/81'C51L
21edy1[eay) susned padusuadxs :9Andadsiad |eyaos - ->adsiad jeyanos - :9Anadsiad [e1aos -
'SA JuBUIWOP A|BUOI)S Sem €09°¢ :s;uaned anleu 909 Siualied aAleU $/0vL1'9TL
s1ualed SAIRU SAMY Ul 9pIwou SINYY :oAndadsiad  SYY :@ARdadsiad :syuaned aABU SINYY :BAIY ED)]
-NJISY 1Y) SMOYS YN auljaseg - 10109 3JedY)|EdH-  J01J9s diedyyjedH-  -dadsiad 101d9s aiedyyjesH - aplwounyua) 8 SA1'SAIVO [ov] (2Z0T) ‘|e 1® osezze
AIVO0 9TA
2insea|\
1nsai urepy ED)] DIA/AIVO 5150 SUOIUAAISU| swomnnQ (JeaA) Swieu s Joyine 3sii4

(penunuod) ¢ 3|qeL



Page 24 of 37

:12

(2024) 14

Gallehzan et al. Health Economics Review

s1eak om Jo uoziioy

| e Jan0 ATVD/988'€C VD J0 YDl
Ue 0] PUE 51502 [EIUDWSIDUL LM

SKTYD Ul 35831UI U O} pa| pow AIA 9/E'L - $ 1068195 eL-q N4l
-lobuy ‘e 1-g N4| ysm pasedwo) 988'€C 00S'L - $¥0'1SL'8S pouwjobuly 432178 AXTVO  [65] (020T) ‘|2 39 4nodieysjeN
ATV-S°EVTD
- 6061 - $ 7007679 -4D0-7LY31-0STANAI
31v-4D0
- 8778l - $9EL1LY'8T9 -G'EV1D-02Y19-0SCANAI
v
- elel - $8ETELT8Y  -SEVID-HDO-4IA-0STANAI
2duanbas FIV-SEVDD
1USWI1LSI] DAIIDAYS 1SOW AL Ueyl - 061 - $ STHIY'Or9 -4D0-02V19-0SZAN4I
1502 53| /71 863 Ul Pa3Nsal Inq v
‘(s3sdefal $99 SAIVO 656 1) - €6l - SLUIPSLS9  -4DO-§'EVID-¥LYIL-O3d
1uaized Jad S2WODINO Y1|eay 3SIoMm . o, .
N Ay - 9g61 - $€8005659  ITV-UDO-S'EV1D-410-D3d
-9UIqIPe|D-CPWINZI|9100-9]P190r v
Jawelie|b-uoiapiaiuibad) aousnbas - 1961 - $90LT6%L9 -S"EV1D-4D0-¥1Y3L-D3d
SAI1D3J3-1502 150U 3y ‘Geuwnzn) v
“Wsje-qewnzijeled-gewinzyieo - 6761 - $9677EYS9  -HDO-S'EV1D-0ZY1D-93d
-31eJewny |Ay1awip-uolaauibad
35U3Nbas 3 Yiim paraiye - 5961 - $/T00£'9/9  ITV-§'EVID-HIO0-41a-93d
2JoMm (sasdejal | 1'9 ‘SATYO #7°02) v
$9W021IN0 Yjeay awnay lewndo - 6561 - $ 0818079 -§'EV1D-4D0-0ZV19-53d 312173 AIVO (611 (Z0T) ‘1232 yba31sIaA
Adeiayy paseg-N4| 01
uosedwod Ul $1502 JaMO| pue
S9W0DINO Ja)1aq U} pa1|nsal
syuabe pasisiuiuupe AjjelQ 1502
J9yBIY Yum 1ng ‘susbe passisiuiuipe
AJ[e10 pue (g)igay “6-9) Adesayy paseq
-N4I y10q 031 uosuedwod ur Adesayy
SAID3YJD 1SOW 31 3 01 UMOYS Sey
uone|ndod juaned bunoA ayy buowe
SINYY Jo Juswabeurw ay1 Ul SgyIA JO
35N Y| "SSAUBAIIBYS JO 318l Jaybly
%L Le PUB G IBEL dSN JO IS0
|enuue [euonippe abeiane ue Yim
'SS9USAIID3Y9 JO 1l JaNeg e INg
1500 Jayb1y Yim pajeidosse aiam
SGVIN ‘gdl02Y O3 uospedwod ul
S@VIA JO 95N ay) 01 prebal Yam
/1994 Ym paieduiod usym ssau (SaYW)
~2M13443 4O d1ed 13UbIY %1 18 pue - - - $ 0z Lzyol $31poqIlue [eUO|DOUO\
§99£€y—ASN 4O sbulnes 1503 o
Jenuue sbessae Yyum ‘(K3sod sse| pue R _ _ $01'890'S 1 uosapIS|
A0y 210w “63) JUPUILIOP SBM
SJuabe paJaIsIuWIpe A||eIo JO 35N Ay | ueUIWOg - - $9/61801 syuabe [ei0 - [6¥] (LZ0Z) *|e 39 eyIny|y
AIVO P2VN
aunseapy
1nsai urepy ¥IDI SIA/AIVO $150) suonuaAIRU| |awomnno (1e97) dweu soyine 1si14

(panunuod) ¢ ajqey



Page 25 of 37

:12

(2024) 14

Gallehzan et al. Health Economics Review

SIUBWIIRAI) 353U} JO SSBUBANDYS
-1502 3y} JO JUBUIULIRIIP 3|qeyIpow
£33 3L SBM 3D1id “[BURISNS SEM
$391eWsa Julod punole Aurenadun

ATvO 42d 000 #0173 S! 2(q
-BIOARJ 15R3| 341 pue ATV Jod
000 GEF S! 21eWINSS B|grIOAR)
150W a1 ADedY)3 JO S1RWINSD
20U3PYUOIUI [BIDISWUIOD)

pauteb A1v0 J2d 000 86F 0}
000 73 wouj buibuel 1oamo|
A|payJeul a1am uozioy awi
1834-07 B YIM S91eWNs ay |

%S/ punoie paujet
ATVO J2d 1502 2y paseaidu)

urewop 21gnd sy ul
uoleWIOJUl ABDLYYS UO paseq
000 863 01 (0€9 1978 ‘69t 999)
000 73 Woly pabuel susw
-1ea11 4NoJ Y1 Jo Aue buisn Aq

a|dinw
aAIssalboad Liepuodas
104 91e)DE JdWeIR|D

Se19q U034

Bumiwai-buisde|as
104 d)e}dR J3WeIR|D

“SUOIIUAIDIUI B} UDIMID] A|pa pauleb Jeak-ay1| parsnipe Ayjenb
-{JeU PILBA SSOUSAINDYS-1S0D) - - - -Aujenb Jad 1500 ased aseq ay | se1aq uoJayalu| 19d150) [] (€00T) |2 3@ ‘NodIYD
'AIVO Jad 005
GZF 21om sy3D| 2y ‘sAndadsiad 150>
2/BD [BID0S PUB Y3|eay B WOl{ ATYD Jod
00783 sem a1ed aaioddns 153q Yaim
paJedwod gqewnzijeleu 1oy Y3D)| sy - - - aied aAnsoddns ysag
ATVO 42d 001
073 249M SY3D| 3y ‘SAndadsisd 1500
2JBD [BIDOS PUP Y1|eay B Wol{ ATYD Jod
00077 Sem 21e1a0e Jaulelie|b yim
pasedwod gewinzieieu Joj Y3d| 3y - - - ?)e19dR JISWeRIRD
SINYY Yiim siusiied |e Joj Jusw
-183.) SAI123)J3-1502 B 3G 01 A|9 ATVO Jod
gewnzijeleu Jey s1sabbns siskjeue 00/ 81F 213M s3I 343 ‘SAd3dsiad
S14AVO Jod 000 973 Ueu aiow 150D 24BD [BIDOS PUB Y1jeay e Wolq
Ked 03 Bul|jim a1e $92IAISS [BID0S pue AIVO 12 00£TF Sem g-uoiapiaiul Lpim
ajeatt 10 v Jad 00783 ey pasedwod gewinzieieu Joj Y3D| 3y - - - g-uouayianu|
210U Aed 031 Bul||im S| 121008 SN I - - - - qewnzijejeN  Y3IDI B AIVO [¢Z] (8007) "2 3@ “lueD
qewnzieleu yum
paiean Asnoiaaid syuaned buowe
uolssaibo.d aseasip Jo salel ayl
MOIS 0} W35 10U PIp GRWNZIRI20) R _ R S Z6TTTse qewnzipno
“SINYY JO JusWwsbeurW 2y Ul
gewnzieleu uey) Asod sss| pue 1UBUILIOP ‘qewixniy - - S 161061 qewnzijeleN
SAI1D2YD 2I0UI SBM GRWIXNLIY ueuIwog - - $ €0V9EL qewixniy - [29] (€£207T) "|e 3@ Ueyeq|y
95BISIP DAIDR YUM
SINGS Yum siuaned 1jnpe ssims - S06'S L8l $69165€6E DS puUR BL-B13q U0I3IRU]
Buiieal) 10§ 9A1103)9-150 39 Aew DI
powiuodis ‘siskjeue ase-aseq a3 uj lueujwogd S6v'L 968'81 $9968/'C9% Dsg pue powquodls R SA]‘SATVO [0€] (120T) "' 32 4nydS
AIVO 1A
ainseapy
}nsai uieyy HED)| DIA/AIVO 51500 SuonUAAIRIU| awo2nQ (4e3)) Bweu saoyine 1siiy4

(penunuod) fajqeL



Page 26 of 37

:12

(2024) 14

Gallehzan et al. Health Economics Review

SY3DI || 10} ‘Ajanndadsal ‘N4| pue
‘¥O ‘NI4 03 paiedwlod (9And3Yd
210W puUe A[IS0D $S3|) IUBUILIOP 2I9M
93d Pue 4Wa ‘ZLN "(vD) LST'919$ 01

06£'£€$-N4I SA H3d
150D [ejuaWaIdU|

¥T5'SES-
NI4SAZIN
150 [R3UBWIAIOU|

L£€'€/$ 1500 Bnig [enuuy

9£108$ 3500 Bnuq [enuuy

/6/'/4$ 1500 Bnig [enuuy

2£0'7.$ 1502 BnuQ [enuuy

7T6'L4$ 1502 BnuQ [enuuy

(dWa) aresewny [Ayiawig

Ajiep 6w 0z ‘yo)
9jelade Jawelne|n

(6>w ¥ ‘NdI) eL-219q
uoJ34131ul SnoaueINdgNS

(93d)
e|-e13q UoJaIRUIBa

(NI4) powtjobury

(ZLN) ££1'195$ woly pabuel $150D) - - - €//'1/% 1502 Bbnig [enuuy (Z1N) qewnzijeieN S$SAa3a B ¥3adi [€71(£10) ‘|2 12 ‘ehexzog
€89'L$'SW Yum uosiad
19 S3|_I\ 10§ 21025 S5O
||B 10} 51502 24EDY1[E3Y (10|
9L6'L$ 'S Yyum uosiad d3IdI-€
134 S3|eWa 10j $21025 S5O3 papioae
||B 10} 5150 21EDY)|R3Y [E10] -7 uonequadexa
ybiy a1nb s yyy Ul 965 12 BunuNodsIp Jse 19d3s50) -
JUSWILSI] ¢ |-B197 UOI34Ia)UI 0} aNP G6E'L8LS PURT68YTLS S (VAQ)
paplone 1eak Ayijigesip Jad 1503 ‘ajeds Bununodsip aiojaq paploae papioae sieak
snjeis Aljigesig papuedx3 ayi Buisn - - - Jeak Aujigesip 1ad 150D -| qL-813q UOIBIAU| Aunqesig-1 [25] (0002) ' 32 ‘umoag
D54 Yim paiedwod UsYm 000'2r$ - - - el —gndl
PauIED ATYD J2d 057§ JOPIOYSBIUY g ym patedwiod USUM 0007 1S 5% - - qL—gnal
dLM e UO paseq pue|iey Ul SINYY 104
JUSUIEBI] SAII3Y3-1500 150W B4 59 Yum pa1edwiod USUYM 000'€€$ (819%) 9T’ 0801 000'587$ =150 153YBIY 3y1 powijobuy
3Q 01 SUlWI DS ‘SIUSWIRAI UOIS) 000'G£¢$ =150 [s€1(910T)
-133u pue powijobuy yum paieduwod - %6t - 159MO| 33 pey DSg osg ED) ‘|e 12 ‘Jesenneueyd
- Lco's - S90L6'£9T'L $ pouwiobuly
- L¥0'S - L0'12S'T6LL S splwounyuial
EAEMY]
- 056 - ¥S'€CO'B0C'L $ Jsweine|n
- 6181 - L9'161'20T'L § 6>w0SzZ ‘qL-e19q N4
- L6617 - SoCIT'lel'L S 6owQg eL-e12qN4|
Bowpy
Januoy Auspyye - 0667 - 9£'58r'S8L'L $ e|-e39q N4
941 U0 s1 11 Se uondo aAn23)3-1500 e
paI3pISuOd 3 Ued Sjelewny [Ayiwiq - LLCS - €EE0TL6LLS dWa Y4313 AIVO [£1](91L02) “|e 32 431jeADYD
AV0 PAVN
ainseapy
3nsai utepy ED)| 9IA/ATVO 5150) SUONUAAIIU| awodno (1e97) BWeu soyine 1si14

(PanUNUOd) ¥ 3jqey



Page 27 of 37

:12

(2024) 14

Gallehzan et al. Health Economics Review

SINYY Yim siusiied bunealy 1oy
SalIe|NWIOY 218D pabeuew 0}
uolIppe d|gen|eA e 3 pjnoys pue
Bw 0z 1e1908 Jowelne|b pue

oW # B |-819¢ UOIRLIIUI UM
pasedwod $3500 paonpail 1e
S9WO2INO [eDIU|D SaA0IdWl e|-e19q
uoJapuIbad YIM JUSWIeI] WD)

-bw oz

91e1908 Jawlelie|b yim
pasedwod uaym
pauieb sx1v0
'LO0PUBEIL6LS JO
sBuIAeS-1S0D Yum
"(Apsod sss| pue
9AIID3YJ3 2low “9')
JUBUIWIOp sem e|
-B19q UoIaRIUIB

1Rk (1 J9AQ SHNSY

Bowpy
©[-19q UOJRHIa1UI YIM
pa1edwod Usym SATVO

900 [euonippe ue pue
0£0'72$ 40 sbuines-150>
YUM (A1502 $S3] pue
EINRENIEEYCIIVEEY)]
JUBUIWIOP Sem B |
-e19q uosaUIbad

(Aj1ep uo 35
6w o) a1e1ade JIswelne|b

(1@am 12d sawny € DS
Bow p¥) e|-239q UOIBHIBIUI

el-eyq

-Buoj 1eyy s15966ns sisAjeue siy| - 's1eak 01 J9A0 SHNSDY - - uosauuIbad  YIDIB ATYO  [81](9102) ‘219 ZopueussH
000 00€$
anoqe
JLM B 18 9AND3Y3-150D g AJUO pinom
uondo Aj3sod e a1am sgNQ (10 18y}
BuIMOYS 1gY JO NN BY} Uey
19MO) SeM (000 S£EYYS) 0000016 JO
dLM B 18 QWA [e10 JO GINN YL -
J01e4edWOD UOWIWOD e SE JIgaY O} (dwa)
pasedwod AIVD/Z8T LEES JO anjeA 6C€'1€SS o0l - 0€0'9¢¥$ ajesewn |Ayldwiq
4301 159MO| 33 pariodal XaUOAY -¢ ) .
Aaigegoid 9656 Y 8EE'/1ES S00L - £09'165$ powijobuly
000 05$ JO d1M 1e Adessyy aandaye (B>w 0 XaUOAY)
1507 15U SU SEM JIQSH JBL PIMOLS z8TLEES 1001 - 205 L€S el uosapIRI|
SYNS3J UOLRINWIS OJ1eD) IO -7
sisAJeue st ut 000'001$ pareuiwoq ewe - 1£9'09€$ aplwounyia)
10 PIOYS3IYY dLM B 12 SWHY JO
JUBWIESI] U Ul SANDDYS-1S0D 3| 0} (Bow dnN
pUNO} 319M AN Y1 JO SUON-L - 86 - 768 867$ ¥ 5199Y) B|, UoIBLIAIW| puesyadl  [v7] (£107) 1010 Aqeebesyy
AIVO 91A
ainseapy
nsas urey FER) 9TA/AIVO 150D suonuanIdu| awodnQ (1e94) Bweu s Joyine 3sii4

(penunuod) ¢ 3|qel



Page 28 of 37

:12

(2024) 14

Gallehzan et al. Health Economics Review

sjuaned (219A3s Buljons

Ajpidel) §3y Ul qewnzijeleu SNSIaA euiwog 6,8 - 67049 $ qewnzijeyeN
SA1D3}42-350D pue ‘suaied (Aanoe JueUILOQ cceg B} So/6EL S powijobuy
aseasip ybly) QvH ul pouljob
-UY puUe GewNZNIwWa|e sNSIaA uediweg 616 ) PCESLLS qewnznwsly
SAI139}J9-1502 1€ $19|qel suIqUpe D ueulwog 8LE6 - L9081 $ si9|qe} duiquped HIADIBAIVO  [C€] (610T) 1232 SIPYdIN 5|3
1500
|e1019/6 pUe puNoJe aJam e|
19 UOJ9}I1UI ‘WiIe DB U] -7
80701 = (%) 21l aon BOE 05
wno3sip AN (A0 2d asn) 43D -€ ’ - -J9)ul ul1s0d mE;Ou.m, 210 @ (IEINE ]
09071 = (965) 212! 19'598 1Ul UL 350D P P[220} 193]
1UNO2sIP 3502 (A0 Jod dsn) ¥3DI -7 150D |B10) 9466 UOIRJI21Ul
SN yum syuaiied ueju UOJRI21UI 'SA UOIRJIRIUI-DT] -D3d JO 150D ‘Wi 42ed Ul-7
-BJ| JOJ JUSLUIRSI] SAI1I9Y2-150D B 5B au1 Joj pauteb A0 Jad (gsn) sie| asn
PaI19pIsu0d 8 pnod e- | B3  -|OP S LLL'LL PUNOIE Pa1eWNSS sem 88989 :UOIB)UI [97] (8L0T)
UoJRHIRIUI DI (Y301 -1 88'60/5 - -3 150 PajUNOISIp [€103 -| uo0Ja}IaUI-DId ATVO 1238 ‘Y lUDjysa-lwayseH
qewnzn
L0l - ¥T'586'0£955N -waje pue WS : ABajens
¢ ABajens oy qewnz
 ABe1ens buledwod 00'816'c79’L- 6901 - 09°€9Y'€0£5SN  -l|eyeu pue s :g ABajens
$3161e115 19410 YuMm pateduiod uaym ) eL-g-N4l
sis013s 3diyNW BuILBI-BUI 9901 - 99'059'155%5N pue s :z ABajens
-sdejai Jo usWIeaA] 31 Jo) ABa1eNIS | Abarens o1 ¢ (Juswabeuew
QAI1239)J2-1502 Y1 sem | ABarens AB21ens buneduwiod €511 1'/67'C 601 - 099€1'1915SN woldwiAs) WS :L ABarens  ¥ad| g AIVO [€91(£10T) "|e 33 pemes
06'9 :(JanIBa1ed
- -1uaned) SAVO [e10L - #7701 150D [e10]. Bw oz s1e31900 JaWele|D
88'9 :(1anIbaIeD
- -Juaned) SATVO (1oL - /G901 | 350D [PIO] qL-e19q UoJapIdu|
10°Z :(Janiba1ed
- -uaned) sAvO B0l - €7G'7111500 (eI BdowW iy B L-219q UOIYIIU|
66'9 :(19A1B21RD
PUEROS Ul - -uaned) sAvVO B0l - ¥19'GL1 500 [e10]  Bow ZZ e-B19q UOIBMIRIU]
SINYY JO USRI 31 JOJ STING
3|qe13(UI-[35 IO LM pasedwiod 880 :(JonIbaIed
SAI1294J3-1503 JO JUBUILIOP 1Y) 1l - -uaned) sKIvO [eloL - [STELLAsOd [PI0L  Bow o€ eL-e39q UOIRIA|
saxew 3|yoid 150 Sl 3|IYM ‘SSW0d
-1N0 [21UID saA0IdWl B|-B1DG UOID) 25/ ((enbaied
-12u16ad Yum Juswean uial-buo - -uaned) STV B0l - £48'901 150 [e10] el-elaq uossyRUIBad  YIDIRAIVO  [S7] (£10T) |e 39 Zopueusay
A1V 91A
aunseapy
1nsai urepy ¥IDI S1A/ATVO 5150) SUONUBAIIU| awomnnQ (1e9A) Bwieu soyine 1si14

(PanUNUOd) ¥ 3jqey



Page 29 of 37

:12

(2024) 14

Gallehzan et al. Health Economics Review

1UBWIeaI] AIIURARID OU YiIm paled
-WOD SSaUaAIIDal e Uw>O._QrE Yim
Pa1eID0SSE SI P19 UOIaL1Ul ybnoyie

67C

aAnD3dsiad JILOUGI3-URaY © WOl :dnoib Jusuiiean-ou - 9T6LESOL S juswWeal] SAnUSARAd ON
paynsnl A|inj 9q 10U Aew s1S049)2s e1aq
a(dninw yam syusned ul e1aq uoisy 78t U0J34I23UI YIIM JUSUIED)
-I2)Ul YUM JUSWeal] 9AUSASId AIVO 42d $09/0'901 § :dnoub uosapau] - 90'€LE'SSY $ ELGUEVEIN | 43D173 AIVO [9t] (Z00T) °|e 3® ualfinN
4301 9Y3 23e|Nd[ED 0} PISU OU S| TTO0YH [e1USWI 10§ 995
213} pue uondo JueUIWOp e S| 8 TODYH[RIsAYd Joj EW)]
Xap0uUN Jeu saijdw sty pouad S91eUILIOP XSAOUUID 605 - G1Gp$ 50D juaned-1ad [enuuy X3UOAY 2 (1004H)
ApN1s 91 J9AO XaUOAY UBY1 DA} JODYH [PIUSW JOJ €69 311 Jo Ayjenb
-D3JJ3 2I0W PUB dAISUIAXD S53| Sem 13 TODYH [e21sAyd 1oy palejpl
X9/\0UUID 1BU1 PAMOYS S1NSal 3y | EBIIEIEIENY 569 - 0lpgs 1sodusned-iad [enuuy Xxapouu) -yyesH [05] (#L0T) “|e 1@ yelen
s9leulwop 4Nd €56'G [¥S6l [8E6L'1TY'L S Buw | - aplwounyua)
sejeulwop 4Nd L7ES 65761 LE66ESY'L S B 0z - 21e193e IoWeIne|D
s9leulwop 4Nd 1548 (04461 €567E'89YL $ 1ne1x3 - qL-e39q N4|
SIAIBUISY[E SUISIY JAYI0 3Y) Yim sejeulwop 4JNd 13489 orr6L 6L0V8YLY'LS uoisjeiag - qL-e1sq N4l
pasedwiod ‘Ajey| ul SAYY 10} saleulwop 4Nd 6819 00961 58107601l $ Bow piy - eL-239q N4
JUSWIERI) SUsIy [ewndo ue s|
alesewny JALISLIP 1eU3 SWLLUOD S312UILIOP SN 985 3391 07€56'8L1'L $ Bow 7z - e1-e33q NI o
SIsK[eue SSOUBANDBYR-1S0 SIY | ERICIEIEN] 9759 vE961 £7°509'96€'1 $ ajesewny Ayrawiqg 9IAAIVO [zv] (610T) ueAGIURY
pue|bu3 Ul Sy VH 10}
pasinquiiai | NQ [e10 AJuo ay3 3¢ 03
11 P3| sty 1.y 22U3PIAS ay3 suoddns
[9POW SIL1 PUe 131ewW M 8y 03
4N JO uondNPoIIUL 3Y3 Buimol ) o,
104 SN (VL) aARIe AUBIY Ul €6 0L6EL'6YSS  4INQ) esewny [Kypawip [L¥]
9A123}§9-1502 sulewal powjjobuly 85Tl (A% - 9€'8YH'¥9S § pouwyjobuly  ¥3DI%B ATVO (S102) “|e 32 Yezdzsniep
Adeiayy A1010|npOowOUNWIWI JO B L o o
$193)y2 2sJ2Ape 0 anp Ajgeqoid GS0'SSF 0y EVF86 0LFv 9l L¥'861'558 $ qL-g N41DS pauieb
'SATIVO Ul uteb 01 a1e[suel) Jou saop ¥S8'19F LTSy YrF86 0LF¥91L 86'C/¥'0T6 S el-gNdIWI  steak oyl sad
s1eak ay-asdefes uj ueb sesspow SS8'19F0CSY YF86 0LF 9l 19780726 $ el-gNJIDs 502 [eusw
2y Adesayy 2y1 jo 2dA1 ay1 jo ss3| -a1ou| /pauteb
-pJebal ‘9A1D2)J9-150D 10U S| UoNIsURl) 965'SLFOVC'L vy+86 0L+¥9L 85CTL995 % VOOS  \qyp sadisod
JIWOU0D0120S Ul A13UNoD ues|eg e ul 0LF091L uswbeuew |ejuswa.nu|
SINYY J0 Adesayy L1oleinpowounww| dUIYRY [AET4) pauleb sieak )1 AR TAR4ES woydwAs /AIVO [1£] (6002) “Ie 33 21n0xuef
uel| ul sgng g0
S91RUILLIOP XSUOAY UIIM JUSWIeS)
‘SQING 12410 Buiaiedal syusied ueyy 6C7'0L0LS 0£L'6 - 87105 XxaouuD
SKIVO J2u61y Apybiis paundul
X9UOAY BUlAl9I2) sjuaied asnedag S1S99L'LS 6LT6 - OvL'TeTs 39y
51502 124P1y 32 3¢ Iuswabeuew SSEVLELS ¥876 - 1850825 uosayelag
woldwAs yim paseduwlod syyauaq pauleb
PISEaIdU] UM PIIRIDOSSE DIIM 1662095 86 _ 087'S71$ xauoAy A1VD 43d 150>
syuaned sy bumiwai—buisdelas ul |eauawa.nu|
(sQWQ) sbnip Buikjipow-aseasiq d0UDI94RY 1806 - - dwabeuely wordwAg /KIV0 [9€] (Z10T) “|e 33 1uew|
AIVO P2VN
ainseapy
3nsas utepy ED)] DIA/AIVO $150) SUOIUAAISIU| awomnnQ (1e3A) dwieu s Joyne isiiy4

(panunuod) ¢ ajqey



Page 30 of 37

:12

(2024) 14

Gallehzan et al. Health Economics Review

- 00L'LYESSN - ozl'Lyessn a1ed aAiioddng
SINYY JO
Jusuuiesll aul|-puodas J0j SUol do Au:UEumw._u auy
13410 PAIRUILIOP GeWNZNILIBY euiwog 66£'87955N - TS0'0855SN  -pu0das 10y) qewnznjwadly
‘SINYY 10 JUdWIRAI) BUI|-ISIY B se (SWYY J10j Jusuiean [/€]
9AND3Y 150D SeM GeWNZ|R100 euiwog 8€€'9914$5N - LEL/1T'1SSN dUI-ISIY Joj) qewnzian  SYIDIBSATYO  (8L0T) “[e 39 uuewsdwwizZ
S 1'/$ Jo onesssau
-9A1294J9-150 [RIUSWIRIOUI UB YIIM
‘21 g-N4I I Yum pasedwod Adelayy
9A1102)J9-150D 1SOW a3 sem apIud
-ounyS) ‘P1eIeWNy [AYIBWIP JOLY eLg-N4| eLg-(N41) uotsy
‘san(eA (d 1) Aed-o3-ssaubuljjim jo WISAGANT - BLG-N4I I SAYIDI Pee 909'€TTS -i23ul (1) Je[ndsnwesu| (4WNI)
abuel ayy 1ano saidesayy Jayio ||e 11908 $ JeuIwoq e Sh1'0078 sjesewny Ayrawng  WRURY Kiera
pajeUILOp dlelewny [AYIBWIa SINYY -uow 18U
abeuew 01 AB31LIIS JUBUILIOP B S| 08L6% $ SLULS 89¢ 5809275 splwounyliaL |euawia.nul
a1eJeWINy [AYILWIP ‘SQNQ 404 343 JO £95'9€ $ 8TEW $ 69°€ LV6'6ETS powijobuly 3 H¥IDI‘ATVO [15] (L0T) “Ie 32 Bueyz
Bow
/9018 019G oLzl YEL'OVZS (DS el g-uoiapIalul) JigdY
(vD) 230392y
SLNQ SUIHISIG I3UI0 O) 8LLYKS L5€S solet LrL6LTS Jlaweine|o
pasedwod uondo aAIDaYe-150D ERVEIETEN] 10DYH
€ PaI2pISU0d 2q ued JNd - S88'S Akl 6L0'ETS dNG ‘430178 AIVO [¥9] (910T) “le 32 NS
oqadeld
€€0/5'9€ S 259 'SA Les/ ¥8071 9€'57/'867  -(2$8) 3183 3Anoddns 3sag
asn auUed INOYIM
awi pue [eAinns paisnipe-Ayjenb ueuiwog 612002 $ 9S¥'L 880°CL SS66877S MO WI bw o€ eLg-N4I
[PIURWRIDUI 1596UO| BY3 LM Paleld
-SSP SEM SPIWLOUN|YLIS) ‘(AUSUISSISSe ueulliod wod €902 vL0CL L67TLLEL9 @03 2s bw 0sz qLg-N4I
JuBWISaAUL 1ed W) V|| 9y} U| ‘pauledb o ) ) .
ATVD/000'893 03 dn jo spjoysaiyy Aed euiwod vC019'/8$ S65'L 60Tl 96'C€8'LLS MILDS Bw v e1g-N4I
ovssaubuliim [enusiod yim s 1euWOQ PrTI9LLE S Stve [80T1 20807'ess  Aniep @duo ds b 0Z ¥
-eJay3 bulAypow-aseasip ayl buoule
159G-1S4Y BY3 SeM SpILIoUN|jLIa) Anep
(u1g) Buryuel uaunean UeIssheg o1 - apwounyyiat sa €€045'9€ § 6101 %6071 G58LETLS  9dU0 Bw L Spiwounya)
buipioddy 'SN4| 2y} pue a1eiade
Jowlele|b snsIsn ‘SATYO Jo1ealb yim 808/ 0S0v1'sTS
*Aps0d $53| sem apiuiounyuaL 0vTSSLL S ST6RL'LS 1aned/A1v0 [P0l 86071 $ luaned/s1s0o [e10L alg0d bW oy INA  ¥3DI'B ATVO [011(£102) “e 33 1u10S
AIV0 PAVN
aunsea|y
3 nsaa urepy FER]| D1A/AIVO $150D SUONUAAIRIU| awodInQ (4e3)) dweu saoyine 1si14

(PanuNUOd) ¥ 3jqey



Gallehzan et al. Health Economics Review (2024) 14:12

tweleve studies compared DMDs in patients with highly
active RRMS (HARRMS) [22, 32, 34, 38, 39, 41, 44, 45,
54-57, 61].

First-line medications
Dimethyl fumarate was evaluated in 3 studies [10, 42,
64], one study compared the cost-effectiveness of fin-
golimod, teriflunomide, dimethyl fumarate, and intra-
muscular interferon-bla [51], one study assessed the
cost-effectiveness of oral agents (e.g. fingolimod, teri-
flunomide, dimethyl fumarate) in RRMS compared to
interferon-based therapy (Avonex and Rebif) [24], one
study evaluated the cost-utility of MS treatments com-
pared with best supportive care [35], one study compared
the cost-effectiveness of injectable DMTs (interferon
beta-la, subcutaneous interferon beta-la, interferon
beta-1b and glatiramer acetate) [27], one study evaluated
the cost-effectiveness of first-line oral DMTs (ozanimod
fingolimod, dimethyl fumarate, and teriflunomide) and
injectable DMTs (interferon beta-la, interferon beta-
1b, and glatiramer acetate) [48], one study estimated the
cost-effectiveness of switching to natalizumab compared
with switching to fingolimod with inadequate response to
other DMTs [55], one study compared cost-effectiveness
of intramuscular interferon beta-1a versus subcutaneous
interferon beta-la, interferon beta-1b, and glatiramer
acetate [47], one study assessed the cost-effectiveness of
ofatumumab [13], one study compared the cost-effective-
ness of dimethyl fumarate, glatiramer acetate, interferon
-1a, interferon B-1b, peginterferon B-1a, teriflunomide,
natalizumab, fingolimod, and ocrelizumab [37].
According to Mantovani et al., Su et al. and Zhang et al.
[42, 51, 64] dimethyl fumarate was more cost-effective
and was associated with higher QALYs and YLs as com-
pared with IFN beta-la — 22 &44 mcg, IFN beta-1b —
250 mcg, interferon-b 1la, interferon-b 1b, glatiramer
acetate and teriflunomide, Rebif, natalizumab, fingoli-
mod, teriflunomide, dimethyl fumarate, and intramus-
cular interferon-bla. Chanatittarat et al. demonstrated
although fingolimod was not the most cost-effective
treatment, it was associated with higher QALYs and LYs
[35]. Alsaqa’aby et al., evaluated cost-effectiveness of oral
agents (fingolimod, teriflunomide, dimethyl fumarate) in
RRMS compared to interferon-based therapy (Avonex
and Rebif) in Saudi Arabia and showed Rebif was an
optimal therapy at a WTP threshold of $100 000. They
reported although Avonex had the lowest ICER value of
$337 282/QALY when compared to Rebif, it was not cost-
effective at acceptable universal WTP thresholds [24].
Spelman et al. showed natalizumab dominated fingoli-
mod (higher QALYs and lower costs) for UK patients
inadequately responding to first-line (interferon-based
therapies, glatiramer acetate, dimethyl fumarate, and
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teriflunomide (BRACETD)). They also showed switch-
ing to natalizumab was associated with a significant
reduction in annualized relapse rate and an increase in
improvement (CDI6M) compared to switching to fingoli-
mod [55]. According to Kantor et al. in the US, treatment
with ozanimod was associated with considerable reduc-
tions in annual drug costs and total MS-related health-
care costs to avoid relapses compared with fingolimod,
dimethyl fumarate, and teriflunomide, interferon beta-
la, interferon beta-1b, and glatiramer acetate. In other
words, treatment with ozanimod was associated with
annual healthcare cost savings ranging from $2178 (vs
fingolimod) to $8257 (vs interferon beta-1la 30 ug) [48].
Russell et al. showed intramuscular interferon beta-la
was more cost-effective than subcutaneous interferon
beta-1a, interferon beta-1b, and glatiramer acetate [47].
Dembek et al. showed interferon beta-1a was more cost-
effective and yielded greater QALY than subcutaneous
interferon beta-1a, interferon beta-1b, glatiramer acetate
and best supportive care [27].

According to Zimmermann et al. ocrelizumab domi-
nated the other DMTs (dimethyl fumarate, glatiramer
acetate, interferon P-1la, interferon p-1b, peginterferon
B-1a, teriflunomide, natalizumab, fingolimod) with an
ICER of US$166,338/QALY compared with supportive
care and can be cost-effective as a first-line treatment
for RRMS with a discounted price. They also reported
ocrelizumab, peginterferon -1a, and natalizumab added
more QALYs, but at higher costs than other DMTs [37].
Smets et al, in the Netherlands showed for first-line
treatment although ocrelizumab did come at a higher
cost than treatment with ofatumumab, it yielded more
QALYs than ofatumumab, and ofatumumab was better in
prevention of relapses for first- or secondline treatment
[53]. According to Baharnoori et al. in Canada ofatu-
mumab was dominant (more effective, lower costs) com-
pared with teriflunomide, interferons, dimethyl fumarate,
and ocrelizumab, and ofatumumab resulted in ICERs of
$24,189 Canadian dollars per QALY and $28,014/QALY
compared with glatiramer acetate and best supportive
care, respectively [13].

Furneri et al. evaluated cost-effectiveness of early esca-
lation to natalizumab vs. switching among immunomod-
ulators, and late escalation to natalizumab, in patients
with RRMS in Italy who have failed first-line treatment
with either interferon beta or glatiramer acetate. They
showed that early escalation to natalizumab in RRMS
patients who do not respond adequately to conventional
immunomodulators (interferon beta, glatiramer acetate)
led to both clinical and economic benefits, compared to
switching among immunomodulators (interferon beta,
glatiramer acetate) [28]. In contrast, Ayati et al. in Iran
demonstrated ocrelizumab was a more cost-effective
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option in terms of QALYs and YLg than natalizumab in
patients with RRMS who failed to respond to at least one
first-line DMT [43].

Second-line medications

Smet et al. compared differences in benefits between
anti-CD20 mAbs in the Netherlands from a health-eco-
nomic and societal perspective. They showed although
drug sequences with ocrelizumab in second-line therapy
were more cost-effective (higher cost but more QALYs)
than ofatumumab, this outcome was very uncertain,
according to the probabilistic analysis [53].

Baharnoori et al. evaluated the cost-effectiveness of ofa-
tumumab from a Canadian healthcare system perspec-
tive, and showed ofatumumab dominated natalizumab
and fingolimod and resulted in an ICER of $50,969 ver-
sus cladribine [13]. According to Zimmermann et al. for
RRMS second-line therapy, alemtuzumab dominated
natalizumab, fingolimod, and ocrelizumab, and was asso-
ciated with more QALYs and lower costs [37].

Third-line medications

Sawad et al. compared four strategies; symptom man-
agement (SM) alone, SM in combination with one of
the following: IFN-B-1a, natalizumab (after switching
from IFN- f-la) and alemtuzumab (after using IFN-
B-1a, then switching to natalizumab) in the US. They
showed although none of the DMTs were cost-effec-
tive with respect to the threshold (threshold of USD
50,000-100,000), alemtuzumab dominated over natali-
zumab, regardless of the WTP per QALY threshold [63].
Versteegh et al. (5W) focused on three line treatments
and compared 360 treatment escalation sequences for
patients with RRMS in terms of health outcomes and
societal costs in the Netherlands. They showed opti-
mal lifetime health outcomes were achieved with the
sequence peginterferon, dimethyl fumarate, ocrelizumab,
natalizumab and alemtuzumab. The most cost-effective
sequence (peginterferon- glatiramer acetate-ocreli-
zumab-cladribine-alemtuzumab) yielded numerically
worse health outcomes per patient but resulted in less
costs than the most effective treatment sequence [19].

DMDs in HAD RRMs patients
Eight studies evaluated the cost-effectiveness of cladrib-
ine tablets in HDA RRMs patients.

A study in Lebonan demonstrated cladribine tab-
lets were a cost-effective (less costly and more effec-
tive in terms of QALY) and budget-saving treatment
option for the treatment of HDA RMS patients when
compared with alemtuzumab, fingolimod, and natali-
zumab [54]. Similarly, Michels et al. in the Netherlands
showed treatment of RRMS with cladribine tablets was
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cost-effective versus alemtuzumab and fingolimod in
HDA patients, and cost-effective versus natalizumab in
rapidly evolving severe (RES) patients, at a threshold of
€50,000/QALY gained [32]. Bohlega et al. in Saudi Ara-
bia showed cladribine tablets as a treatment option for
patients with HDA compared with alemtuzumab, dime-
thyl fumarate, fingolimod, interferon beta-la (subcuta-
neous and intramuscular) and beta-1b, natalizumab, and
teriflunomide. Their analysis demonstrated cladribine
tablets as dominant strategy (less costly and more effec-
tive in terms of QALY) [56]. Poveda et al. in Spain com-
pared the cost-effectiveness of cladribine tablets with
fingolimod in patients with HDA and showed cladribine
tablets were the dominant treatment (lower costs and
higher QALYs) compared to fingolimod and could gener-
ate savings for the Spanish National Health System [39].
Ayati et al., in Iran compared the cost-utility of cladrib-
ine tablets in patients with HDA-RMS with natalizumab,
and showed cladribine tablets dominated natalizumab
with lower cost and higher QALYs per patient [44]. Pin-
heiro et al. assessed the cost-utility of cladribine tablets
versus fingolimod in patients with highly active RRMS in
Portugal. They showed cladribine tablets was less costly
and more effective and also was associated with higher
QALYs and a delay in progression than treatment with
fingolimod [45]. Ginestal et al. evaluated the cost—effec-
tiveness treatment of RRMS with cladribine tablets and
dimethyl fumarate in Spain. They showed cladribine tab-
lets treatment was found to be a dominant treatment and
was associated with lower costs and greater QALY com-
pared with dimethyl fumarate [61]. Conversely, a study in
Chile demonstrated, that although cladribine was associ-
ated with better QALYs in HDA MS patients, it was not
a cost-effective alternative compared with alemtuzumab,
natalizumab, and ocrelizumab [38].

Moreover, 5 studies evaluated the cost-effectiveness of
DMTs in patients with highly active RRMS [22, 41, 55,
57]. Stanisic et al. in Italy assessed the cost-effectiveness
of alemtuzumab in comparison with subcutaneous IFN
B-la, natalizumab and fingolimod in management of
RRMS. Thy showed alemtuzumab yielded more QALYs
and less costs compared to the other DMTs, and carried
the highest likelihood of being below the accepted WTP
threshold (€40,000) compared to IEN B-1a, natalizumab
and fingolimod. They also reported alemtuzumab can be
considered as a preferable treatment option in the man-
agement of active or highly active RRMS [34]. Gani et al.
in the UK compared the cost-effectivness of natalizumab
with other DMTs (interferon-f, glatiramer acetate and
best supportive care) and showed natalizumab was a
cost-effective treatment and was associated with higher
QALY for all patients with highly active RRMS (HAR-
RMS) [22]. Spelman et al. in the UK in a comparative
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effectiveness analysis showed switching to natalizumab
improves clinical and economic outcomes relative to
switching to fingolimod in patients with HA-RRMS with
inadequate response to BRACETD, and results in higher
QALYs and lower costs [55]. Lasalvia et al. evaluated the
cost-effectiveness of natalizumab compared with fingoli-
mod for treating highly active RRMS patients in Colom-
bia with failure of first-line therapy with interferons and
showed natalizumab dominated fingolimod with lower
costs and higher QALYs [57]. Conversely, one study in
the UK demonstrated fingolimod was a cost-effective
treatment and was associated with higher QALYs than
dimethyl fumarate in HAD patients [41]. Cost, QALY,
threshold and ICER values of all included studies are pre-
sented in Table 4.

DMTs in patients with PPMS & SPMS

One study evaluated the cost-effectiveness of ocreli-
zumab versus supportive care for first-line treatment of
PPMS [37]. One study evaluated the cost-effectiveness
of ocrelizumab versus supportive care for the treatment
of PPMS and versus interferon -1a, dimethyl fumarate,
glatiramer acetate, teriflunomide, fingolimod, and natali-
zumab for the treatment of RMS [33]. Three studies [30,
58, 60] evaluated the cost-effectiveness of siponimod ver-
sus other DMTs in patients with SPMS.

Montgomery et al, in the UK evaluated the cost-
effectiveness of oral siponimod versus continued oral or
infused RRMS DMTs (natalizumab, ocrelizumab, fin-
golimod, dimethyl fumarate, teriflunomide) for patients
with active SPMS. They showed siponimod was more
cost-effective, yielded greater QALYs and offered a clini-
cally beneficial treatment approach compared with the
continuation of oral or infused RRMS DMTs [58]. Schur
et al. evaluate the cost-effectiveness and budget impact
of siponimod compared to interferon beta-la for adult
patients with SPMS with active disease. They showed
siponimod may be cost-effective and yeilds more QALYs
and YLs for treating Swiss adult patients with SPMS with
active disease [30]. Cortesi et al. estimated the siponi-
mod cost-effectiveness profile and its relative budget
impact compared with interferon beta-1b for patients
with SPMS. They showed siponimod resulted in the
most effective treatment (more QALY) but also more
expensive compared with interferon beta-1b [60]. Zim-
mermann et al. in the US demonstrated, for PPMS, ocre-
lizumab had an ICER of US$648,799/QALY compared
with supportive care but was not cost-effective for PPMS
[37]. A study by Martins et al. in Portugal demonstrated
ocrelizumab could provide important health benefits as
a therapy for both RMS and PPMS. Ocrelizumab was
among the most effective treatment options for RMS
patients compared with other DMTs and compared with
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BSC for PPMS patients and yielded more LYs and QALYs
for RMS and PPMS patients [33].

Discussion

We systematically reviewed the literature with the objec-
tive of analyzing recent published evidence on cost-utility
and cost-effectiveness of DMDs for RRMS. To the best of
our knowledge it is the first systematic review to exam-
ine the cost-ctility and cost-cffectiveness of DMDs for
RRMS.

In this review ICER values exhibited a broad variability,
even within one same treatment and using the same con-
trol medication. This variability can be due to the param-
eters selected to develop the pharmacoeconomic model,
and /or the WTP per QALY threshold established.

Our results showed that the most important injectable
DMDs for RRMS were interferon beta-la (Avonex and
Rebif) and beta-1b (Betaferon and Extavia), peginter-
feron beta-la, intramuscular interferon beta-la, glati-
ramer acetate (Copaxone), and ofatumumab.

Concerning interferon Beta, studies showed that inter-
feron Beta (e.g. interferon beta-1b) can reduce reduce
lifetime disability years by 10% [52] and is associated
with an improved effectiveness compared with preven-
tive treatment [46]. Additionally, the cost-effectivness of
peginterferon beta-1a was studied in the US and Iran [18,
25, 26]. They demonstrated peginterferon beta-la was
a cost-effective strategy and was associated with lower
cost and more QALY compared with interferon beta-1a,
interferon beta-1b and glatiramer acetate in the treat-
ment of RRMS.

In this review, the most important oral DMDs for
RRMS were found to be teriflunomide (Aubagio), mon-
omethyl fumarate (Tecfidera), fingolimod, cladribine,
siponimod, ponesimod, DMF, diroximel fumarate, oza-
nimod, and cladribine tablets. The most important intra-
venous infusions DMDs of RRMS were alemtuzumab,
mitoxantrone, ocrelizumab, natalizumab, and rituximab.

Ten studies [13, 19, 23, 33, 34, 37, 49, 53, 56, 64] evalu-
ated the cost-effectiveness of all three forms of DMDs
for RRMS, the oral DMDs. The results varied between
studies. The difference in the results can attributed to
several factors such as the patients selection criteria,
age groups studied, medications studied, availability of
drugs in each country, treatment line, setting, disease
severity, demographic and socio-economic determinants
measured. Eleven studies [10, 17, 24, 30, 35, 42, 48, 51,
59, 60, 64] evaluated the cost-effectiveness of injectable
and oral DMDs for RRMS and reported oral drugs were
more cost-effective than injectable drugs. Likewise, eight
studies [32, 38, 40, 44, 54, 55, 57, 58] evaluated the cost-
effectiveness of oral and intravenous infusions DMDs of
RRMS, of which 5 studies reported oral drugs were more
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cost-effective than intravenous infusions DMDs. In gen-
eral, oral medications are preferred by patients to other
forms of medication due to their being non-invasive
nature.

In two studies, the cost-effectiveness of injectable drugs
and intravenous infusions was analyzed by symptom
management. In both studies, symptom management
was more cost-effective and was associated with higher
QALYs and YLs when compared with IFN-B-1a, natali-
zumab, alemtuzumab, glatiramer acetate subcutaneous,
and intramuscular interferon B-1b. This can be attributed
to the lower cost of drugs and equipment [31, 63].

In our review, for the first-line treatment, dimethyl
fumarate [42, 51, 64], natalizumab [55], ozanimod [48],
interferon beta-la [27], ocrelizumab [37, 43, 53], ofa-
tumumab [13] and teriflunomide [10] were found to
be more cost-effective and was associated with higher
QALY. Studies in this review suggested, natalizumab was
a dominant option for HDA RRMS and RRMS patients
who failed first-line treatment with either fingolimod or
interferons/glatiramer acetate [28, 57].

For the second-line treatment, ofatumumab [13] and
alemtuzumab [37] were found to be more cost-effective
and yielded more QALY. Smets et al. showed although
treatment with ocrelizumab was associated with higher
cost than that of ofatumumab, it yielded more QALY
than ofatumumab [53].

Of 8 studies that evaluated the cost-effectiveness of
cladribine tablets in HDA patients, 7 studies demon-
strated cladribine tablets were a cost-effective option
(less costly and greater QALY) compared with alemtu-
zumab, fingolimod, natalizumab, dimethyl fumarate,
interferon beta-la (subcutaneous and intramuscular),
beta-1b, natalizumab, and teriflunomide in HDA patients
[32, 39, 44, 45, 54, 56, 61]. Previous systematic reviews
and meta-analyses also demonstrated that cladribine tab-
lets can be an effective and safe drug and an alternative
to other DMTs in achieving better treatment for RRMS,
active RRMS and for a subgroup with high disease activ-
ity (HRA + DAT) populations [65, 66]. This can be due to
the oral posology of cladribine tablets where the treat-
ment effect is expected to last for up to 4 years with
only 2 years of treatment [67]. This drug has no costs of
administration and lower monitoring costs compared to
other drugs. Also, induction therapies, such as cladribine
have low discontinuation rates owing to the prearranged
schedule for treatment administration [13].

Considering DMTs in HAD patients, 3 studies dem-
onstrated natalizumab was a cost-effective treatment
and was associated with higher QALY as compared with
interferon-p, glatiramer acetate, best supportive care and
fingolimod [22, 55, 57]. It seems natalizumab can be con-
sidered as a cost-effective treatment in HDA patients.
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Considering the cost-effctivness of siponimod versus
other DMTs in patients with SPMS, studies conducted in
the UK, Switzerland and Italy demonstrated siponimod
was more cost-effective and yielded greater QALYs [30,
58, 60] and YLs [30] for treating patients with SPMS with
active disease when compared with natalizumab, ocreli-
zumab, fingolimod, dimethyl fumarate, teriflunomide [58],
interferon beta-1a [30] and interferon beta-1b [60]. More-
over, studies in this review demonstrated ocrelizumab can
provide important health benefits as a therapy for RMS
and PPMS patients compared with supportive care, yield-
ing more LYs and QALYs [33, 37]. A previous systematic
review and network meta-analysis compared ocrelizumab
with other treatments for RMS and demonstrated the effi-
cacy and safety of ocrelizumab in a direct comparison with
interferon B-1a 44 pg (Rebif 44 mg) [68]. This medication
was approved by the US Food and Drug Administration
in March 2017 and by the European Medicines Agency in
January 2018 for the treatment of RMS and PPMS [68].

In this review, 3 studies evaluated the cost-effective-
ness of rituximab and showed RRMS patients receiving
rituximab had lower costs and more QALYs when com-
pared with natalizumab [29, 62]. Smet et al. in the Neth-
erlands suggested rituximab would already be the most
cost-effective anti-CD20 mAb if its efficacy on 6-month
CDP is comparable to traditional first-line therapies such
as interferon-beta but there are no accurate estimates of
rituximab’s effect on disability progression [53]. Although
rituximab has not yet been approved by the United States
Food and Drug Administration (USFDA) for treating MS,
it has been used extensively as an off-label medication for
MS control and management. Moreover, rituximab has
shown more efficacy in managing RRMS when compared
with fingolimod and a better safety profile than natali-
zumab [69, 70]. Nonetheless, some studies have shown
that the use of rituximab, natalizumab, ocrelizumab, inter-
ferons, or other injectable DMTs is associated with higher
rates of nonadherence in MS managment among patients,
especially those with chronic health conditions [71, 72].

Limitations

Our review has some limitations. First, our review was
limited to English and Persian language publications, and
there is a chance of publication bias. So future reviews
should include additional languages, if feasible. Sec-
ond, several studies in this review received funding from
pharmaceutical or biotechnology companies. Industry
sponsorship can be a source of bias as they may support
a particular agenda and be influential at multiple stages
of research design and implementation and influence the
choice of research priorities [73]. Third, the included stud-
ies were from different countries which have varied health-
care systems which effects the overall bias of the review.
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Conclusions

We found that, of the evaluated DMTs, cladribine tablets
and natalizumab were the optimal choices for patients
with highly active RRMS. Siponimod was also found
to be a cost-effective option for patients patients with
SPMS. Among the drug strategies with different prescrib-
ing methods, oral DMDs for RRMS should be preferred
to injectable drugs and intravenous infusions for various
reasons such as their non-invasiveness and greater con-
venience for patients, and lower cost. This review showed
that care-oriented strategies such as BSC and SM strate-
gies should be preferred to drug strategies and be consid-
ered a valuable early treatment option for patients with
RRMS.

Of note, the outcomes of a cost-effectiveness analy-
sis frequently exhibit country-specific characteristics
since treatment and healthcare costs data can diverge
substantially across nations. Moreover, it is noteworthy
that incremental costs and QALYs may vary between
different settings, even if the same fundamental mod-
eling approach is employed. Although studies show MS
is a costly disease, cost estimates vary between nations.
Therefore, health policy makers, neurologists, and other
involved parties should base their decisions on local find-
ings with regards to the financial burden caused by MS
and the cost-effectiveness of DMTs.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513561-024-00478-7.

[ Additional file 1. Search Strategy. }

Acknowledgements
None.

Authors’ contributions

NAG, MKH and AR contributed to design of the study. HJ, NM and MKH con-
tributed to literature search, the screening and articles selection procedures.
NM, MKH, SS, SH and AE contributed to data extraction. MKH, NM, SS, SH and
SE contributed to the drafting of the manuscript. HJ, NM, NAG, MKH, KHJ and
AR contributed to the writing of the manuscript, and critically reviewed the
manuscript. All authors read and approved the final manuscript.

Funding
This study did not receive any financial support.

Availability of data and materials

All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Page 35 of 37

Competing interests
The authors declare that they have no conflict of interest.

Author details

"Health Management and Economics Research Center, Health Management
Research Institute, Iran University of Medical Sciences, Tehran, Iran. 2Faculty
of Medicine, Zabol University of Medical Sciences, Zabol, Iran. *Depart-

ment of Health Services Management, School of Health, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz, Iran. “Department of Medical Library
and Information Science, School of Health Management and Information Sci-
ences, Iran University of Medical Sciences, Tehran, Iran. °Health Management
and Economics Research Center, School of Health Management and Infor-
mation Sciences, Iran University of Medical Sciences, Tehran, Iran. ®Student
Research Committee, Tabriz University of Medical Sciences, Tabriz, Iran.

Received: 25 March 2023 Accepted: 11 January 2024
Published online: 16 February 2024

References

1. Sperandeo K, Nogrady L, Moreo K, Prostko CR. Managed approaches
to multiple sclerosis in special populations. J Managed Care Pharm.
2011;17(9 Supp C):1-215.

2. Chilcott J, Miller DH, McCabe C, Tappenden P, O'Hagan A, Cooper NJ,
et al. Modelling the cost effectiveness of interferon beta and glati-
ramer acetate in the management of multiple sclerosis. Commentary:
Evaluating disease modifying treatments in multiple sclerosis. BMJ.
2003;326(7388):522.

3. Tullman MJ. Overview of the epidemiology, diagnosis, and disease pro-
gression associated with multiple sclerosis. Am J Manag Care. 2013;19(2
Suppl):S15-20.

4. Walton C, King R, Rechtman L, Kaye W, Leray E, Marrie RA, et al. Rising
prevalence of multiple sclerosis worldwide: insights from the atlas of MS.
Mult Scler J. 2020;26(14):1816-21.

5. Etemadifar M, Nikanpour Y, Neshatfar A, Mansourian M, Fitzgerald S.
Incidence and prevalence of multiple sclerosis in Persian gulf area: a
systematic review and meta-analysis. Multiple Scleros Related Disord.
2020;40:101959.

6. Solaro C, Gamberini G, Masuccio FG. Depression in multiple sclero-
sis: epidemiology, aetiology, diagnosis and treatment. CNS Drugs.
2018;32(2):117-33.

7. Lublin FD, Reingold SC. Defining the clinical course of multiple sclerosis:
results of an international survey. Neurology. 1996;46(4):907-11.

8. Lublin FD, Reingold SC, Cohen JA, Cutter GR, Serensen PS, Thompson AJ,
et al. Defining the clinical course of multiple sclerosis: the 2013 revisions.
Neurology. 2014;83(3):278-86.

9. Markowitz CE. Identifying and addressing unmet therapeutic needs in
MS. J Clin Psych. 2015;76(3):0.

10. Soini E, Joutseno J, Sumelahti M-L. Cost-utility of first-line disease-modify-
ing treatments for relapsing-remitting multiple sclerosis. Clin Therapeut.
2017,39(3):537-57 e10.

11. Huygens S, Versteegh M. Modeling the cost-utility of treatment
sequences for multiple sclerosis. Value Health. 2021;24(11):1612-9.

12. Thompson AJ, Baranzini SE, Geurts J, Hemmer B, Ciccarelli O. Multiple
sclerosis. Lancet (London, England). 2018;391(10130):1622-36.

13. Baharnoori M, Bhan V, Clift F, Thomas K, Mouallif S, Adlard N, et al. Cost-
effectiveness analysis of ofatumumab for the treatment of relapsing-
remitting multiple sclerosis in Canada. PharmacoEconomics-Open.
2022,6(6):859-70.

14. KimY, Krause TM, Blum P, Freeman L. Disease modifying therapies
continue to drive up health care cost among individuals with multiple
sclerosis. Multiple Scleros Relat Disord. 2019;30:69-75.

15. Weng W, Liang Y, Kimball E, Hobbs T, Kong S, Sakurada B, et al. Drug
usage patterns and treatment costs in newly-diagnosed type 2 diabetes
mellitus cases, 2007 vs 2012: findings from a large US healthcare claims
database analysis. J Med Econ. 2016;19(7):655-62.

16. Ferndndez O, Calleja-Herndndez MA, Meca-Lallana J, Oreja-Guevara C,
Polanco A, Pérez-Alcantara F. Estimate of the cost of multiple sclerosis
in Spain by literature review. Expert Rev Pharmacoecon Outcomes Res.
2017;17(4):321-33.


https://doi.org/10.1186/s13561-024-00478-7
https://doi.org/10.1186/s13561-024-00478-7

Gallehzan et al. Health Economics Review

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

(2024) 14:12

Chevalier J, Chamoux C, Hammeés F, Chicoye A. Cost-effectiveness of
treatments for relapsing remitting multiple sclerosis: a French societal
perspective. PLoS ONE. 2016;11(3):e0150703.

Hernandez L, Guo S, Kinter E, Fay M. Cost-effectiveness analysis of
peginterferon beta-1a compared with interferon beta-1a and glatiramer
acetate in the treatment of relapsing-remitting multiple sclerosis in the
United States. J Med Econ. 2016;19(7):684-95.

Versteegh MM, Huygens SA, Wokke BW, Smolders J. Effectiveness and
cost-effectiveness of 360 disease-modifying treatment escalation
sequences in multiple sclerosis. Value Health. 2022,25(6):984-91.
Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg

D, et al. Consolidated health economic evaluation reporting standards
(CHEERS)-EXPLANATION and elaboration: a report of the ISPOR health
economic evaluation publication guidelines good reporting practices
task force. Value Health. 2013;16(2):231-50.

Chiou C-F, Hay JW, Wallace JF, Bloom BS, Neumann PJ, Sullivan SD, et al.
Development and validation of a grading system for the quality of cost-
effectiveness studies. Med Care. 2003;41(1):32-44.

Gani R, Giovannoni G, Bates D, Kemball B, Hughes S, Kerrigan J.
Cost-effectiveness analyses of natalizumab (Tysabri® compared

with other disease-modifying therapies for people with highly active
relapsing-remitting multiple sclerosis in the UK. Pharmacoeconomics.
2008,26(7):617-27.

Bozkaya D, Livingston T, Migliaccio-Walle K, Odom T. The cost-effective-
ness of disease-modifying therapies for the treatment of relapsing-remit-
ting multiple sclerosis. J Med Econ. 2017;20(3):297-302.

Alsaga‘aby MF, Vaidya V, Khreis N, Al Khairallah T, Al-Jedai AH. Cost-
effectiveness of oral agents in relapsing-remitting multiple sclerosis
compared to interferon-based therapy in Saudi Arabia. Ann Saudi Med.
2017,37(6):433-43.

Hernandez L, Guo S, Toro-Diaz H, Carroll S, Syed Farooq SF. Peginterferon
beta-1a versus other self-injectable disease-modifying therapies in the
treatment of relapsing-remitting multiple sclerosis in Scotland: a cost-
effectiveness analysis. J Med Econ. 2017;20(3):228-38.
Hashemi-Meshkini A, Zekri HS, Karimi-Yazdi H, Zaboli P, Sahraian MA,
Nikfar S. Pegylated versus non-pegylated interferon beta 1a in patients
with relapsing-remitting multiple sclerosis: a cost-effectiveness analysis.
Iranian J Neurol. 2018;17(3):123.

Dembek C, White LA, Quach J, Szkurhan A, Rashid N, Blasco M. Cost-
effectiveness of injectable disease-modifying therapies for the treatment
of relapsing forms of multiple sclerosis in Spain. Eur J Health Econ.
2014;15:353-62.

Furneri G, Santoni L, Ricella C, Prosperini L. Cost-effectiveness analysis

of escalating to natalizumab or switching among immunomodulators

in relapsing-remitting multiple sclerosis in Italy. BMC Health Serv Res.
2019;19(1):1-9.

Rezaee M, Morowvat MH, Poursadeghfard M, Radgoudarzi A, Keshavarz
K. Cost-effectiveness analysis of rituximab versus natalizumab in patients
with relapsing remitting multiple sclerosis. BMC Health Serv Res.
2022;22(1):118.

Schur N, Gudala K, Vudumula U, Vadapalle S, Bhadhuri A, Casanova A,

et al. Cost effectiveness and budget impact of siponimod compared

to interferon beta-1a in the treatment of adult patients with secondary
progressive multiple sclerosis with active disease in Switzerland. Pharma-
coeconomics. 2021;39:563-77.

Jankovi¢ SM, Kosti¢ M, Radosavljevi¢ M, Tesi¢ D, Stefanovic¢-Stoimenov

N, Stevanovic |, et al. Cost-effectiveness of four immunomodulatory
therapies for relapsingremitting multiple sclerosis: a Markov model based
on data a Balkan country in socioeconomic transition. Vojnosanit Pregl.
2009;66(7):556-62.

Michels RE, de Fransesco M, Mahajan K, Hengstman GJ, Schiffers KM,
Budhia S, et al. Cost effectiveness of Cladribine tablets for the treatment
of relapsing-remitting multiple sclerosis in the Netherlands. Appl Health
Econ Health Policy. 2019;17(6):857-73.

Martins P, Vandewalle B, Félix J, Capela CM, Cerqueira JJ, Salgado AV, et al.
Cost-effectiveness analysis of Ocrelizumab for the treatment of relapsing
and primary progressive multiple sclerosis in Portugal. PharmacoEco-
nomics-Open. 2023;7(2):229-41.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

Page 36 of 37

Stanisic S, Bertolotto A, Berto P, Di Procolo P, Morawski J. The cost-
effectiveness of alemtuzumab in the management of relapse-remit-

ting multiple sclerosis in Italy. Glob Region Health Technol Assess.
2019;2019:2284240319838524.

Chanatittarat C, Prayoonwiwat N, Siritho S, Pasogpakdee P, Apiwattanakul
M, Riewpaiboon A, et al. Cost-utility analysis of multiple sclerosis treat-
ment in Thailand. Int J Technol Assess Health Care. 2018;34(6):584-92.
Imani A, Golestani M, Tabrizi J, Janati A. Cost-utility analysis of disease-
modifying drugs in relapsing-remitting multiple sclerosis in Iran. Value
Health. 2013;16(7):A624.

Zimmermann M, Brouwer E, Tice JA, Seidner M, Loos AM, Liu S, et al. Dis-
ease-modifying therapies for relapsing-remitting and primary progres-
sive multiple sclerosis: a cost-utility analysis. CNS Drugs. 2018;32:1145-57.
Espinoza MA, Rojas R, Zaupa A, Balmaceda C. A model-based economic
evaluation of cladribine versus alemtuzumab, ocrelizumab and natali-
zumab for the treatment of relapsing-remitting multiple sclerosis with
high disease activity in Chile. PharmacoEconomics-Open. 2021;5:635-47.
Poveda J, Trillo J, Rubio-Terrés C, Rubio-Rodriguez D, Polanco A, Torres C.
Cost-effectiveness of Cladribine tablets and fingolimod in the treatment
of relapsing multiple sclerosis with high disease activity in Spain. Expert
Rev Pharmacoecon Outcomes Res. 2020;20(3):295-303.

Lazzaro C, Bergamaschi R, Zaffaroni M, Totaro R, Paolicelli D. Cost-

utility analysis of teriflunomide in naive vs. previously treated patients
with relapsing-remitting multiple sclerosis in Italy. Neurol Sci.
2022;43(8):4933-44.

Maruszczak MJ, Montgomery SM, Griffiths MJ, Bergvall N, Adlard N. Cost-
utility of fingolimod compared with dimethyl fumarate in highly active
relapsing-remitting multiple sclerosis (RRMS) in England. J Med Econ.
2015;18(11):874-85.

Mantovani LG, Furneri G, Bitonti R, Cortesi P, Puma E, Santoni L, et al. Cost-
effectiveness analysis of dimethyl fumarate in the treatment of relapsing
remitting multiple sclerosis: an Italian societal perspective. Farmecon
Health Econ Therapeut Pathways. 2019;20(1). https://doi.org/10.7175/fe.
v20i1.1437.

Ayati N, Taheri S, Sahraian MA, Nikfar S. Cost-effectiveness of ocrelizumab
for treatment of Iranian patients with relapsing multiple sclerosis. Curr J
Neurol. 2021;20(3):154.

Ayati N, Fleifel L, Sharifi S, Sahraian MA, Nikfar S. Cladribine tablets are a
cost-effective strategy in high-disease activity relapsing multiple sclerosis
patients in Iran. Curr J Neurol. 2021;20(3):146.

Pinheiro B, Guerreiro R, Costa J, Miguel LS. Cost-effectiveness of cladribine
tablets versus fingolimod in patients with highly active relapsing multiple
sclerosis in Portugal. J Med Econ. 2020;23(5):484-91.

Nuijten MJ, Hutton J. Cost-effectiveness analysis of interferon beta in mul-
tiple sclerosis: a Markov process analysis. Value Health. 2002;5(1):44-54.
Becker RV IIl, Dembek C. Effects of cohort selection on the results of cost-
effectiveness analysis of disease-modifying drugs for relapsing-remitting
multiple sclerosis. J Manag Care Pharm. 2011;17(5):377-81.

Kantor D, Pham T, Patterson-Lomba O, Swallow E, Dua A, Gupte-Singh K.
Cost per relapse avoided for Ozanimod versus other selected disease-
modifying therapies for relapsing-remitting multiple sclerosis in the
United States. Neurol Ther. 2023;12(3):849-61.

AlRuthia Y, Balkhi B, Alkhalifah SA, Aljarallah S, Almutairi L, Alanazi M, et al.
Real-world comparative cost-effectiveness analysis of different classes of
disease-modifying therapies for relapsing-remitting multiple sclerosis in
Saudi Arabia. Int J Environ Res Public Health. 2021;18(24):13261.

Najafi B, Ghaderi H, Jafari M, Najafi S, Kiadaliri AA. Cost effectiveness analy-
sis of avonex and cinnovex in relapsing remitting MS. Global J Health Sci.
2015;7(2):139.

Zhang X, Hay JW. Cost-effectiveness of Fingolimod, Teriflunomide, dime-
thyl fumarate and intramuscular interferon beta-1a in relapsing-remitting
multiple sclerosis. Value Health. 2014;17(3):A59-60.

Brown MG, Murray TJ, Sketris IS, Fisk JD, LeBlanc JC, Schwartz CE, et al.
Cost-effectiveness of interferon beta-1b in slowing multiple sclerosis
disability progression: first estimates. Int J Technol Assess Health Care.
2000;16(03):751-67.

Smets |, Versteegh M, Huygens S, Corsten C, Wokke B, Smolders J. Health-
economic benefits of anti-CD20 treatments in relapsing multiple sclerosis


https://doi.org/10.7175/fe.v20i1.1437
https://doi.org/10.7175/fe.v20i1.1437

Gallehzan et al. Health Economics Review

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

(2024) 14:12

estimated using a treatment-sequence model. Multiple Scleros J-Exper
Transl Clin. 2023;9(3):20552173231189400.

Matni M, Yamout B, Koussa S, Khamis C, Fleifel L, Sharifi S, et al. Economic
evaluation of cladribine tablets in high disease activity (HDA) relapsing
multiple sclerosis (RMS) patients in Lebanon. Multiple Scleros Related
Disord. 2022;67:1041609.

Spelman T, Herring WL, Zhang Y, Tempest M, Pearson |, Freudensprung U,
et al. Comparative effectiveness and cost-effectiveness of Natalizumab
and Fingolimod in patients with inadequate response to disease-mod-
ifying therapies in relapsing-remitting multiple sclerosis in the United
Kingdom. PharmacoEconomics. 2022;40:1-17.

Bohlega S, Elboghdady A, Al-Johani A, Mahajan K, Mughari MK, Al-
Saga'aby M, et al. Economic evaluation of Cladribine tablets in patients
with high disease activity—relapsing-remitting multiple sclerosis in the
Kingdom of Saudi Arabia. Value Health Regional Issues. 2021;25:189-95.
Lasalvia P Herndndez F, Castaneda-Cardona C, Cuestas JA, Rosselli

D. Cost-effectiveness of natalizumab compared with fingolimod for
relapsing-remitting multiple sclerosis treatment in Colombia. Value
Health Regional Issues. 2020,23:13-8.

Montgomery S, Woodhouse F,Vudumula U, Gudala K, Duddy M, Kroes
M. Stick or twist? Cost-effectiveness of siponimod compared with
continuing existing disease-modifying therapies in the treatment of
active secondary progressive multiple sclerosis in the UK. J Med Econ.
2022;25(1):669-78.

Nakhaipour HR, Vudumula U, Khurana V, Sébire G, Mah JK, Pohl D,

et al. Cost-effectiveness of fingolimod versus interferon-B1a for the
treatment of pediatric-onset multiple sclerosis in Canada. J Med Econ.
2020;23(12):1525-33.

Cortesi PA, Antonazzo IC, Gasperini C, Nica M, Ritrovato D, Mantovani

LG. Cost-effectiveness and budget impact analysis of siponimod in the
treatment of secondary progressive multiple sclerosis in Italy. PLoS ONE.
2022;17(3):e0264123.

Ginestal R, Rubio-Terrés C, Moran OD, Rubio-Rodriguez D, Los Santos HD,
Ordonez C, et al. Cost—effectiveness of cladribine tablets and dimethyl
fumarate in the treatment of relapsing remitting multiple sclerosis in
Spain. J Compar Effect Res. 2022;12(2):e220193.

Alharbi MA, Aldosari F, Althobaiti AH, Abdullah FM, Aljarallah S, Alkha-
wajah NM, et al. Clinical and economic evaluations of natalizumab,
rituximab, and ocrelizumab for the management of relapsing-remitting
multiple sclerosis in Saudi Arabia. BMC Health Serv Res. 2023;23(1):552.
Sawad AB, Seoane-Vazquez E, Rodriguez-Monguio R, Turkistani F. Cost—
effectiveness of different strategies for treatment relapsing-remitting
multiple sclerosis. J Compar Effect Res. 2017;6(2):97-108.

Su W, Kansal A, Vicente C, Deniz B, Sarda S. The cost-effectiveness of
delayed-release dimethyl fumarate for the treatment of relapsing-remit-
ting multiple sclerosis in Canada. J Med Econ. 2016;19(7):718-27.
Siddiqui MK, Khurana IS, Budhia S, Hettle R, Harty G, Wong SL. Systematic
literature review and network meta-analysis of cladribine tablets versus
alternative disease-modifying treatments for relapsing-remitting muilti-
ple sclerosis. Curr Med Res Opin. 2018;34(8):1361-71.

Nabizadeh F, Mohamadi M, Rahmani S, Rajabi R, Afrashteh F, Najdaghi S,
et al. Safety and efficacy of cladribine in multiple sclerosis: a systematic
review and meta-analysis. Neurol Sci. 2023;44:1-13.

Hawton A, Green C. Multiple sclerosis: relapses, resource use, and costs.
Eur J Health Econ. 2016;17:875-84.

McCool R, Wilson K, Arber M, Fleetwood K, Toupin S, Thom H, et al. Sys-
tematic review and network meta-analysis comparing ocrelizumab with
other treatments for relapsing multiple sclerosis. Multiple Scleros Related
Disord. 2019,29:55-61.

Chisari CG, Sgarlata E, Arena S, Toscano S, Luca M, Patti F. Rituximab for
the treatment of multiple sclerosis: a review. J Neurol. 2021;269:159-83.
Gajofatto A, Benedetti MD. Treatment strategies for multiple sclerosis:
when to start, when to change, when to stop? World J Clin Cases: WJCC.
2015;3(7):545.

Bergvall N, Petrilla AA, Karkare SU, Lahoz R, Agashivala N, Pradhan A, et al.
Persistence with and adherence to fingolimod compared with other
disease-modifying therapies for the treatment of multiple sclerosis: a ret-

rospective US claims database analysis. J Med Econ. 2014;17(10):696-707.

Katsarava Z, Ehlken B, Limmroth V, Taipale K, Patel SN, Niemczyk G, et al.
Adherence and cost in multiple sclerosis patients treated with IM IFN

73.

Page 37 of 37

beta-1a: impact of the CARE patient management program. BMC Neurol.
2015;15:1-10.

Fabbri A, Lai A, Grundy Q, Bero LA. The influence of industry sponsor-
ship on the research agenda: a scoping review. Am J Public Health.
2018;108(11):e9-16.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Cost-utility and cost-effectiveness analysis of disease-modifying drugs of relapsing–remitting multiple sclerosis: a systematic review
	Abstract 
	Background 
	Materials and method 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Search strategy
	Eligibility criteria
	Study selection
	Data extraction
	Quality assessment

	Results
	Study selection
	Characteristics of included studies
	Quality of included studies
	Outcome and cost estimates
	The incremental cost-effectiveness ratio of the included studies
	First-line medications
	Second-line medications
	Third-line medications
	DMDs in HAD RRMs patients
	DMTs in patients with PPMS & SPMS

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


