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Abstract: Multiple sclerosis (MS) is a common neurological disease with increasing incidence 

and prevalence. Onset of disease is most frequently in young adulthood when productivity is 

usually highest; it is of chronic nature and, in the majority of patients, it will result in accumula-

tion of disability. Due to loss of productivity in patients and caregivers as well as high expenses 

for medical treatment, MS is considered a disease with high economic burden for patients and 

society. Several drugs have been approved for treatment of MS. While treatment ameliorates 

the course of the disease, it is very costly; therefore, pharmacoeconomics, evaluating costs and 

effects of disease-modifying treatment in MS, has become an important issue. Here, we review 

the economic impact and treatment strategies of MS and discuss recent studies on pharmaco-

economics of early treatment with interferon beta.
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Introduction
Multiple sclerosis (MS) is considered a chronic inflammatory disease of the central ner-

vous system of autoimmune origin. Onset of disease is most frequently in young adult-

hood, between 20 to 40 years of age.1 Although many aspects of MS pathogenesis have 

been elucidated, the exact causal mechanisms are still not fully understood. An interplay 

between environmental factors in genetically susceptible individuals is assumed.2 This 

concept is supported by a wealth of research findings.3–5  Unambiguously, once the dis-

ease has developed, it continues lifelong, and there is still no cure. The course of the 

disease can be relapsing–remitting, which means that episodes with exacerbation of 

neurological symptoms alternate with periods of remission.6 Over time, these relapses 

often do not fully resolve, leading to a stepwise accumulation of  disability. Moreover, 

after 10–15 years, one-half of patients with initial relapsing–remitting disease course 

will develop a secondary progressive disease7 that is characterized by a progressive 

increase of disability, independent of relapses and predominantly caused by deteriora-

tion of walking ability. Only about 10%–15% of patients exhibit a primary progressive 

disease course, which is defined by at least one year disease progression from onset on.8 

A clinically isolated syndrome (CIS) is diagnosed in patients with a first clinical event 

suggestive of MS and evidence of disease dissemination in space, but not yet evidence 

of dissemination in time, thus chronicity of disease.

One of the hallmarks of MS is a high variability of the natural disease course. While 

some patients, apart from relapses, never experience any handicap, the majority of 

patients will ultimately develop disability to a variable degree and after a variable time 
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interval after onset of disease. As first shown by Confavreux 

et al9 and based on a concept of a two-stage disease with 

focal inflammation in the early stage and diffuse inflamma-

tion and neurodegeneration in a second-disease stage, Leray 

et al recently confirmed highly interesting data on time to 

disability accumulation in MS:10 while duration of the first 

stage from onset of disease until reaching a milestone of 

Kurtzke Disability Status Scale (DSS) 311 (corresponding 

to moderate disability) ranged from less than 3 years to 

more than 15 years, duration of Phase II (Kurtzke DSS 3 to 

DSS 6, the latter is defined by requiring unilateral assistance 

to walk 100 meters) remained nearly identical in all patients 

with 6–9 years, irrespective of the duration of Phase I. This 

observation suggests that, once a clinical threshold of irre-

versible disability is reached, further progression of disability 

becomes inevitable. Support of this hypothesis can be derived 

from two typical findings of the chronic progressive phase 

of MS. Even in the absence of new or contrast-enhancing 

magnetic resonance imaging (MRI) lesions, disability usu-

ally increases in the chronic progressive phase of the disease, 

and once the chronic progressive phase is reached, efficacy 

of disease-modifying therapies often declines.12,13

Although relapse rate and progression of the Expanded 

Disability Status Score (EDSS)11 are widespread parameters 

of disease activity, many patients with MS do not only suffer 

from physical disability; they also suffer from neurocogni-

tive decline, fatigue, or depression.14,15 Hence, the diagnosis 

of MS is a life-changing event with a significant impact on 

family, society, and the social welfare system. Fortunately, 

during the last decades, several disease-modifying therapies 

(DMT) have been licensed that ameliorate the course of the 

disease.16 The aim of these DMT is to reduce inflamma-

tion, disease activity as measured by MRI, and relapse rate. 

Thereby, a delay of transition into the secondary progressive 

phase and prevention of permanent disability ought to be 

achieved. Due to the chronic nature of MS, DMTs are usu-

ally applied continuously over many years, or even decades. 

To keep in mind, DMTs are applied in a preventive manner, 

since neuronal damage cannot be reversed.

Epidemiology and economic  
impact of MS
MS is the most frequent nontraumatic cause for disabil-

ity among young adults in North America and Europe.17 

Worldwide, about 2.5 million people are affected by MS; 

although traditionally, the incidence is supposed to vary by 

geographical latitude.18 The highest prevalence with more 

than 30 MS patients per 100,000 inhabitants can be found in 

northern Europe and North America. A medium  prevalence 

of 5–30 per 100,000 is observed in southern Europe and the 

southern United States; whereas, a low prevalence of fewer 

than 5 per 100,000 has been reported for Asia and South 

America.19 Population genetics, the geographically deter-

mined physical environment, and socioeconomic structures 

have been proposed as possible reasons for continental 

differences in MS prevalence.20 In the United States alone, 

about 400,000 individuals suffer from MS; each week, more 

than 200 persons are newly diagnosed with the disease.18 

According to estimates for 2010, MS has been diagnosed 

in 540,000 subjects of the European population.21 However, 

recent epidemiological studies found an increasing incidence 

and prevalence of MS, especially in women.20 This seems to 

be the case also in areas of the world that were formerly clas-

sified as low-prevalence regions. For example, MS prevalence 

was recently reported as 31–55 per 100,000 inhabitants in the 

Arabian Gulf Region and 0.83–21.5 per 100,000 individuals 

in Latin America and the Caribbean.22,23 Factors contribut-

ing to an increasing incidence of MS have not been fully 

elucidated. Earlier MS diagnosis, due to revised diagnostic 

criteria; better ascertainment of diagnosis; less sunlight 

exposure; higher standards in hygiene; and cigarette smoking, 

have all been proposed as likely candidates.20,24

The economic impact of MS can be divided into direct 

costs and indirect costs. Direct costs account for health care 

costs, such as pharmaceuticals, inpatient care costs, outpa-

tient care costs, additional treatments like physiotherapy, and 

medical aids. In contrast, indirect costs are caused by pro-

ductivity loss of patients and caregivers.25 This might be due 

to sick leave, reduced daily working time, unemployment, or 

premature retirement. In Europe, mean annual cost per person 

with MS is estimated to be around €27,000, ranging from 

€7,227 in Bulgaria to €44,565 in Luxembourg. On average, 

about two-thirds of the totals are caused by direct costs, while 

approximately one-third are derived from indirect costs.21 In 

1998, all-over costs of MS in the United States were US$6.8–

$11.9 billion annually, which averages about US$34,000 per 

patient, per year.26 In a survey among patients receiving DMT 

in the United States in 2004, total average costs per patient 

and year were estimated as high as US$47,000.27 Of these, 

63% accounted for direct costs, including 34% of total costs 

(US$16,000) for DMT. Of note, patients having suffered a 

relapse were found to have higher costs than patients without 

relapse.27,28 Furthermore, several studies have shown that 

total costs rise with increasing disability.28–32 In line with this 

result, a secondary and primary progressive disease course 

was found to be more costly than a relapsing–remitting one, 
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due to a rise of indirect costs. Besides degree of physical dis-

ability, age, depression, and fatigue have been identified as 

independent factors of an increase of costs.32 Quality of life 

remarkably and constantly declines with advancing stages of 

disability, and the occurrence of relapses negatively affects 

quality of life measures.28,31

Efficacy of early initiation of DMT  
in MS using interferon beta
It was in 1993 that interferon beta-1b was introduced as the 

first DMT of MS. Still, it represents a very common first-line 

treatment that is widely used. Interferon beta is approved for 

the treatment of CIS, relapsing–remitting MS, and secondary 

progressive MS with superimposed relapses.33

There are three different recombinant interferon beta 

preparations on the market. Interferon beta-1b (Betaferon®, 

Bayer HealthCare Pharmaceuticals, Berlin, Germany; Beta-

seron®, Bayer HealthCare Pharmaceuticals, Berlin, Germany; 

Extavia®, Novartis, Basel, Switzerland) is recombinantly 

expressed in Escherichia coli and is subcutaneously injected 

every other day. Interferon beta-1a is recombinantly expressed 

in Chinese hamster ovary cells and is identical to the human 

interferon beta.34 There are two preparations of interferon 

beta-1a. Rebif® (Merck Serono, Geneva, Switzerland) is 

subcutaneously administered three times a week. Avonex® 

(Biogen Idec, Cambridge, MA, USA) is applied once weekly 

as an intramuscular injection. Placebo-controlled trials have 

demonstrated a significant reduction of disease activity for all 

three interferon beta preparations.35–37

The pivotal trial on efficacy of interferon beta-1b in MS, 

which led to the initial approval of the drug for treatment of 

MS, demonstrated an annual relapse rate of 1.27 for placebo 

and 0.84 for 250 µg interferon beta-1b.35 Similar results were 

observed for interferon beta-1a. In the Prevention of Relapses 

and Disability by Interferon beta-1a Subcutaneously in Mul-

tiple Sclerosis (PRISMS) trial on subcutaneous interferon 

beta-1a, the annual relapse rate was 1.28 for placebo, 0.91 

for 22 µg, and 0.87 for 44 µg.37 Intramuscular interferon 

beta-1a reduced the annual relapse rate to 0.61, compared 

with 0.90 in the placebo group.36 These findings are supported 

by significant reduction of MRI disease activity in all three 

trials, while only in the latter two trials, a beneficial effect 

on disability progression was recorded during this 2-year 

study period.

While these therapies have been introduced, a better 

understanding of MS pathophysiology – especially the 

knowledge of unrecoverable axonal loss already in early 

stages of the disease – has prompted a fundamental shift 

in the MS treatment approach and provided the rational for 

early MS treatment.33,34 Based on this consideration, DMTs 

are initiated early in the course of the disease and before 

irreversible neuronal damage and disability have occurred. 

Following the concept of early MS treatment, interferon beta 

treatment has been investigated in patients with CIS and has 

shown a beneficial effect in terms of conversion to definite 

MS, EDSS progression, and MRI disease activity.38–41

In the Betaferon®/Betaseron® in Newly Emerging 

Multiple Sclerosis for Initial Treatment (BENEFIT) trial,40 

patients with CIS were randomized to receive interferon 

beta1-b or placebo for 2 years, or until clinically definite 

multiple sclerosis (CDMS) was diagnosed, according to the 

Poser et al criteria.42 Within the 2-year study period, 45% of 

patients in the placebo group versus 28% of the interferon 

beta group progressed to CDMS, according to Poser et al; and 

85% of the placebo versus 69% of the interferon beta group 

were diagnosed with definite MS, according to the McDonald 

criteria of 2001.43 Both results reached statistically significant 

difference. Results of these clinical primary endpoints were 

supported by the MRI data. These data revealed a significant 

lower number of newly active lesions, cumulative number of 

new T2-weighted MRI lesions and gadolinium-enhancing 

lesions, as well as  cumulative volume of gadolinium-enhanc-

ing lesions in the interferon beta-treated patients group. Of 

note, there was no change of health-related quality of life 

observed during the 2 years. No difference of health-related 

quality of life was found between groups. After having fin-

ished the placebo-controlled core study, patients were offered 

to enroll in an open-label interferon beta-1b 250 µg follow-up 

trial to investigate effects of early treatment in CIS, versus 

delayed treatment after diagnosis of CDMS or after 2 years 

on study. Three years after initial randomization, 37% of the 

early treatment group versus 51% of the delayed-treatment 

group have developed CDMS (risk reduction of 41%); 16% 

of the early treatment group versus 24% of the delayed-

treatment group experienced confirmed EDSS progression 

(risk reduction 40%).44 A subgroup analysis revealed lower 

treatment effects in patients with less clinical or MRI activity 

at the time of the first event; patients with initial multifocal 

presentation and high lesion load would benefit more from 

early treatment. In the 5-year active treatment extension 

follow-up study, risk reduction of CDMS remained 37% in 

the early treatment group; whereas, no statistically significant 

difference in confirmed disability progression was observed 

any more between early and delayed interferon beta treat-

ment.45 In both treatment groups, median EDSS remained 

1.5 during the 5-year study period. Finally, in the BENEFIT 
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extension trial, a long-term international observational study 

of patients having completed the initial placebo-controlled 

core study, data on follow-up for more than 8 years are 

available.46 At the discretion of the physician and according 

to local standards, patients were treated with any of the 

disease-modifying drugs or received no treatment. During 

the study periods, 5.1% of patients received no treatment; 

77.6% received no other drug than interferon beta-1b; 6%, 

interferon beta-1a; 5.8%, glatiramer acetate; and 6.6% of 

patients received any escalation therapy. In the overall study 

population, disability – as quantified by the EDSS – changed 

only slightly over 8 years, with the median EDSS remaining 

1.5 at year 8. However, 55.5% of patients, who had received 

early interferon beta treatment in the core study, developed 

clinically definite MS, while clinically definite MS was 

diagnosed in 65.8% of patients with delayed interferon beta 

treatment. Moreover, a difference of the overall annualized 

relapse rate was still observed over the 8-year period – 0.20 

early treatment versus 0.26 delayed treatment.47 Placebo-

controlled clinical trials on interferon beta-1a in CIS have 

yielded very similar results,38,41 suggesting a class effect of 

interferon beta treatment in early MS and CIS.

By numerous investigational trials and the clinical 

experience in interferon beta for two decades, safety and 

tolerability profile of this drug is well-known and has 

proven favorable, also, in long-term application. Side effects 

mainly include injection site reactions, flu-like symptoms, 

leukopenia, and liver-enzyme elevation.48 Moreover, up to 

40% of patients develop antibodies against interferon beta, 

which antagonize bioactivity in a significant proportion of 

patients.49–51 If neutralizing antibodies against interferon beta 

persistently occur, therapeutic efficacy of the drug is reduced 

or abolished.52–56

Besides interferon beta glatiramer acetate ([GA], 

 Copaxone®, Teva, Petah Tikva, Israel) represents a common 

first-line therapy with daily subcutaneous injections, which is 

approved for treatment of patients with relapsing–remitting 

MS, as well as for patients with CIS and typical MRI features 

of MS. The PreCISe (early glatiramer acetate treatment in 

delaying conversion to clinically definite multiple sclerosis 

in subjects Presenting with a Clinically Isolated Syndrome) 

study demonstrated that GA reduced the risk of developing 

clinically definite multiple sclerosis by 45%, compared with 

placebo during a 3-year study period.57

Interferon beta and GA are the only agents that are licensed 

for treatment of CIS. However, for the sake of completeness, it 

needs to be mentioned that there are several other therapeutics 

licensed for baseline and escalation therapy in definite MS, 

and more agents are likely to enter the market.16 Approval 

of all these agents is usually based on efficacy and safety 

data of a 2-year clinical trial. In MS Phase II and Phase III 

interventional clinical trials, a duration of about 6 months 

to a few years has become common, since demonstration of 

efficacy usually needs several months of treatment. On the 

other hand, duration of clinical trials longer than 2 years will 

make a well-controlled trial less feasible to accomplish and 

might hold back an effective treatment from MS patient care. 

Given an increasing number of available DMT in MS, trials 

investigating the long-term efficacy are needed.

Methodological aspects  
of pharmacoeconomic analyses
Pharmacoeconomic analyses evaluate costs and conse-

quences of pharmacological health interventions. A wide 

range of methodological approaches are used in this field. 

This is to briefly summarize the terms and types of pharma-

coeconomic evaluations used in the studies reviewed here 

(adapted from Clifford Goodman unless cited otherwise).25 

Cost-effectiveness analyses (CEA) measure costs in monetary 

units and consequences in natural units, such as life-years 

gained, or relapses avoided.58 In cost-utility analyses (CUA), 

a variant of CEA, consequences are measured in terms of 

preference-based measures of health,58 most commonly 

based on quality-adjusted life-years (QALY).59 A QALY 

is a unit that adjusts gained or lost life-years subsequent 

to an intervention by the quality of life during those years. 

Gained or lost life-years are multiplied by a weighting fac-

tor (utilities) ranging from 0.00 (representing death) to 1.00 

(representing a perfect health state). CEA and CUA always 

involve comparison of alternative interventions, expressed 

as incremental cost-effectiveness ratio (ICER) and incre-

mental cost-utility ratio (ICUR), respectively. Therefore, 

incremental costs are divided by the change of effectiveness 

or utility (eg, QUALYs gained). Depending on the perspec-

tive of pharmacoeconomic evaluations (eg, society overall, 

third-party payers, patients), different types of costs are of 

interest. Costs need to be corrected for effects of inflation; 

both costs and outcomes should be discounted. Discounting 

reflects the fact that costs and benefits tend to have less value 

in the future than in present.

Pharmacoeconomic analyses are based on primary 

data methods or integrative methods. The former approach 

involves collection of original data (eg, randomized controlled 

studies). The latter combines data from existing resources. 

Integrative methods comprise meta-analyses, reviews, 

and model-based analyses. Quantitative modeling-based 
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pharmacoeconomic analyses simulate costs and conse-

quences of pharmacological interventions, based on existing 

data and estimates of key variables where there are no data 

available. In this type of analysis, the Markov model60 is 

frequently applied. It is based on predefined sets of health 

states (eg, EDSS levels). Its time horizon is divided into 

equal increments of time, referred to as Markov cycles. 

For each cycle, costs, outcomes, and transition probabilities 

of moving from one state to another or of remaining in 

the same state are estimated.60 Finally, sensitivity analyses 

determine robustness of results of model-based analyses by 

varying the estimates of key variables within plausible ranges 

(eg, by applying a multivariate approach).

Literature search and quality 
assessment
We conducted a systematic literature search in MEDLINE 

(PubMed) on December 14, 2012, applying the medical sub-

ject headings (MeSH) terms “multiple sclerosis” and “costs 

and cost analysis.” We deliberately chose the comprehensive 

MeSH term “costs and cost analysis” to cover all potentially 

relevant studies. Four hundred fourteen publications met 

our search criteria, including 40 non-English publications, 

which were excluded; titles and abstracts of the resulting 

374 publications were reviewed by FC and DB.

Inclusion criteria were as follows: (1) original research 

on the pharmacoeconomics of DMT in MS; (2) compara-

tive study; and (3) comparators (initiation of DMT at the 

time of the first demyelinating event versus treatment after 

CDMS). Because our search strategy resulted in no more 

than four  relevant studies,61–64 we did not exclude the study 

by  Curkendall et al,62 although the authors only report on 

costs and not on health-outcome measures of DMT in CIS. 

The remaining three studies were rated for quality of health-

economic analyses, based on the quantitative scoring system 

that has been proposed by Chiou et al (range 0–100; 0 rep-

resenting the lowest; 100 representing the highest quality).65 

The 16-item weighted scoring system was independently 

applied by FC and DB. Our scoring results were in accordance 

with the results reported by Yamamoto and Campbell, who 

chose the same approach (Table 1).66

Early treatment with interferon 
beta from a pharmacoeconomic 
perspective
As outlined before, early initiation of DMT with interferon 

beta or GA has been proven to reduce time to CDMS, 

relapse rate, and disease progression. This observation led 

to the approval of interferon beta and GA for treatment of 

relapsing–remitting MS, as well as CIS. Therefore, initia-

tion of DMT may be started even before definite diagnosis 

of MS is established.

To date, four studies have been published that address the 

economic impact of starting DMT at the time of the incident 

CIS versus after conversion to CDMS (Table 1).61–64 The 

Swedish study by Caloyeras et al estimates cost-effectiveness 

of interferon beta-1b if initiated in CIS compared with 

delayed treatment after the diagnosis of CDMS has been 

made.61 The authors applied a Markov model analysis, based 

on twelve health states defined by EDSS scores, the assigned 

diagnosis (ie, CIS versus CDMS), and the course of disease 

(ie, relapsing or nonrelapsing forms of MS, and death). 

 Transition probabilities after 6-month cycles were estimated 

for a lifetime time horizon of 50 years. The authors assumed 

that treatment discontinuation rates would not differ between 

both treatment arms; all hypothetical patients would discon-

tinue DMT after roughly 25 years. Switching to another DMT 

and therapeutic escalations were not taken into account. The 

core input data for the statistical model were derived from the 

BENEFIT trial.40,44,45 Moreover, extrapolations of BENEFIT 

data and best available data from the published literature were 

used as model parameters. All costs were reported in 2009 

Swedish kronor (SEK). Results of the CUA demonstrate 

that, during a 50-year time horizon, patients assigned to the 

early treatment group gained 12.9 QALYs, as compared with 

12.4 QUALYs in the delayed-treatment group. On average, 

patients in the delayed-treatment group progressed 2 years 

earlier to CDMS (estimated conversion rate 99.54%), com-

pared with patients in the early treatment group (estimated 

conversion rate 99.31%). Direct medical costs (ie, interferon 

beta-1b drug costs, costs for inpatient and outpatient care, 

and costs related to testing, other drugs, and relapse events) 

were higher in the early treatment arm, whereas indirect costs 

(ie, costs related to early retirement and short-term absence) 

and direct nonmedical costs (ie, informal care, services, 

investments) in the delayed-treatment group exceeded those 

in the early treatment group. When all costs were summed 

up over the 50-year time horizon, total costs in the delayed-

treatment arm were higher than those in the early treatment 

arm (difference of approximately 344,000 SEK per patient). 

In summary, the Markov model-based estimation revealed 

that early interferon beta-1b treatment may decrease total 

costs and increase QALYs. However, sensitivity analyses 

revealed that costs per QALY gained were very high for short 

time horizons. In fact, only for time horizons longer than 10 
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years, early treatment was less costly and more effective with 

respect to QALYs gained. This study reached the highest 

Quality of Health Economic Studies (QHES) score of the 

articles reviewed here (99 points).

Curkendall et al applied a different approach to assess 

the pharmacoeconomics of early DMT.62 Their analysis was 

based on insurance claims data in the United States for the 

years 2000–2008, extracted from the Thomson Reuters Mar-

ketScan Commercial and Medicare Supplemental databases; 

therefore, only health care expenditures and utilizations were 

analyzed. All costs were reported in 2008 US dollars. Health 

outcome measures were not included in the analysis. The 

core inclusion and exclusion criteria were as follows: (1) no 

diagnosis of MS during 12 months before and at the time of 

a cerebral MRI; this MRI scan was defined as start date of the 

12-months observation period; (2) at least one symptom that 

was documented 6 months before or 1 month after the index 

date and that was likely to be attributable to MS; (3) initiation 

of treatment with interferon beta-1a, interferon beta-1b, or 

GA sometime during the follow-up period. Thus, CIS patients 

who may have received DMT after the follow-up period were 

not included. Patients were categorized into two groups – an 

early DMT and a delayed DMT group – depending on whether 

they received DMT before or after the diagnosis of MS. MS 

diagnosis was defined as one inpatient claim or two outpatients 

claims coded with ICD-9-CM diagnosis code 340. Three 

thousand nine hundred fifty one patients were enrolled; 227 

and 3,724 were assigned to the early and delayed-treatment 

cohort, respectively. The mean follow-up was approximately 

3 years in both groups, yet the pharmacoeconomic analysis 

was restricted to the first year after the index MRI. The mean 

time interval between index MRI and initiation of DMT 

was, as expected, significantly shorter in the early treatment 

group than in the delayed-treatment group (122 days versus 

184 days). However, this difference was small, and more than 

90% of the patients assigned to the delayed-treatment group 

received DMT within the first year after index MRI. Within 

the observation period, the early DMT cohort had significantly 

fewer hospitalizations compared with the delayed DMT cohort 

(0.20 versus 0.33). Total drug expenditures were higher in the 

early DMT cohort; whereas, total MS-related expenditures 

were significantly lower in the early DMT group, compared 

with the delayed DMT group after taking out costs for DMT. 

Both all-cause and MS-related total financial expenditures 

were not significantly different between the two groups (all-

cause total expenditures US$31,184 in the early DMT group, 

US$30,051 in the delayed DMT group). The authors conclude 

that the high drug costs of early DMT might be compensated 

by savings in other medical expenditures. However, the 

observation period was short, and the analysis was conducted 

from a third-party payer’s perspective alone. The QHES 

quality score could not be applied to this study, as it does not 

report on outcome measures, thus not fulfilling the criteria of 

pharmacoeconomic analyses. In contrast to the other articles 

reviewed here, the strength of this study lies in the analysis of 

real costs, albeit restricted to health care expenditures.

Lazzaro et al applied an open cohort epidemiological 

model from an Italian perspective.63 Two treatment arms were 

analyzed. One group of patients received interferon beta-1b 

after diagnosis of CIS; the other group was treated with 

interferon beta-1b after diagnosis of CDMS. The “virtual” 

observation period lasted 25 years with 2,000 CIS patients 

being added to each treatment arm every year, resulting in 

two cohorts of 50,000 patients each. The model was based on 

several assumptions. Conversion to CDMS should not occur 

within 12 months after the first clinical event. The conver-

sion rates for years 1–2 were based on the BENEFIT data,40 

while the conversion rates for the remaining 22 years were 

assumed to decline asymptotically. The annual treatment dis-

continuation rate was estimated to be 17.7%. Nineteen years 

after CDMS diagnosis, approximately 50% of the patients 

would progress to secondary progressive MS. Moreover, the 

observation period was arbitrarily divided into four periods 

(year 0; years 1–10; years 11–20; and years 21–24). Based 

on the report by Kobelt et al,67 EDSS scores were converted 

into utility parameters, which were assumed to stay con-

stant within each period. Costs were adopted from both the 

Italian National Health Service (INHS) and the societal 

viewpoints. Most of the cost estimates were based on the 

Italian cost-of-illness study by Amato et al;68 all costs were 

reported in 2006 Euro.  According to this analysis, patients 

gained 7.84 and 7.49 QALYs in the early and delayed 

treatment arm, respectively; the difference of 0.35 QALYs 

reached the level of significance. The CUA showed that, 

from the INHS perspective (ie, only health care resources 

were considered), the ICUR for early versus delayed inter-

feron treatment was €2,575 per QUALY gained and lay 

considerably below a recently proposed Italian willingness 

to pay of €12,000–€60,000 per QALY.69 When patient and 

family resources (ie, the societal perspective) were addition-

ally taken into account, early treatment would be even less 

costly than delayed treatment (€220,416 versus €226,022 

per patient for early versus delayed treatment, respectively). 

A sensitivity analysis confirmed robustness of results. The 

authors conclude that, from the health service and societal 

perspective, early treatment with interferon beta-1b may 

be cost-effective, compared with treatment initiation after 

CDMS. However, this interpretation did not hold true for 
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short time horizons as there was a sharp decline in ICUR 

estimates over the first years; eg, from the societal perspec-

tive, the ICUR started from approximately €135,000 per 

QUALY gained at year 1, decreased below €60,000 after 

year 3, and, finally, became negative after year 6 onward. 

The QHES score of this study reached 75 points and lay 

considerably below the quality score of the Swedish study 

reviewed here.

Iskedjian et al performed a pharmacoeconomic analysis 

of treatment with interferon beta-1a administered intramus-

cularly once weekly in CIS patients; the study was conducted 

from a Canadian perspective.64 The aim of this study was 

to investigate: (1) cost-effectiveness of interferon beta-1a 

treatment based on the gain of additional monosymptomatic 

life-years (MLYs); and (2) cost-utility of long-term inter-

feron beta treatment based on the gain of quality-adjusted 

monosymptomatic life-years (QAMLYs). Monosymptom-

atic life-years were defined as years after diagnosis of CIS 

and before diagnosis of CDMS. For CIS patients, the model 

comprised two treatment arms. High-dose intravenous ste-

roid pulse therapy (plus tapering) for the index event (current 

treatment) and high dose intravenous steroid pulse therapy 

(plus tapering) for the index event plus interferon beta-1a. 

Once the diagnosis of CDMS was established, all patients 

received the same treatment regime with interferon and high 

dose steroids for treatment of relapse. The time horizon of 

the CEA and CUA was 12 and 15 years, respectively, start-

ing from diagnosis of CIS and extending to various EDSS 

stages of CDMS. For the CEA and CUA, two Markov models 

were developed: the state of CIS and various EDSS states 

defined the Markov cycles (cycle length, 1 year). The con-

version rate to CDMS was derived from the efficacy results 

of the Controlled High Risk Avonex Multiple Sclerosis 

Study (CHAMPS) study.38 Transition probabilities through 

the various stages of EDSS were derived from a Canadian 

MS study by Weinshenker et al.7 Cost analyses, including 

unemployment rates and the average hospital length of 

stay within each EDSS level, were based on data from the 

literature70–72 and Canadian health authorities. Costs were 

reported in 2002 Canadian dollars (CA$); total costs were 

estimated from the perspective of the Canadian Ministry of 

Health (MoH) and from the Canadian societal perspective. 

The former perspective was limited to direct medical costs; 

the latter additionally covered direct nonmedical and indirect 

costs. The input parameters tested in the sensitivity analyses 

comprised the progression rate to CDMS, the indirect costs 

associated with the duration from CIS diagnosis to CDMS, 

the time horizon, the discount rate, and the utilities. The CEA 

demonstrates that the incremental cost-effectiveness ratio 

(ICER) of interferon beta per MLY gained was CA$53,110 

and CA$44,789 from the MoH and societal perspectives, 

respectively. As opposed to the MOH perspective, inter-

feron beta treatment was considered cost-effective from the 

societal perspective, as costs of current treatment per MLY 

gained were higher (CA$75,444) than the ICER of interferon 

beta treatment. The CUA was conducted, based on the util-

ity estimates derived from both a Canadian and a Swedish 

study.30,70 From the MoH perspective, incremental cost of 

interferon beta per QAMLY gained (ICUR) was CA$227,586 

(CA$116,071 for the Swedish utility estimates); whereas, 

from the societal perspective, incremental cost of interferon 

beta reached CA$189,286 (CA$91,228, Swedish utility esti-

mates). The sensitivity analyses showed that both the CEA 

and CUA were sensitive to variations of the time horizon 

with shorter horizons producing higher ICER/UCER and 

vice versa. The multivariate sensitivity analysis of the CEA 

showed that in 87% and 6% of the resulting scenarios the 

ICER of interferon beta therapy would be lower than the 

costs of current treatment per MLY gained from the societal 

and MOH perspective, respectively. Therefore, the authors 

conclude that interferon beta treatment in CIS may be cost-

effective. However, this conclusion could be drawn from the 

CEA of the societal perspective, only. Moreover, concerning 

the results of the cost-utility analysis, the authors omit to 

address the issue of decision makers’ willingness to pay. 

Of the three pharmacoeconomic studies reviewed here, this 

study got the lowest quality rating (69 of 100 points).

Conclusion
MS is a chronic disease with high economic burden on 

patients, families, the health system, and society. Worldwide 

incidence and prevalence seems to be increasing with a total 

of about 2.5 million individuals currently being affected by 

MS. As reviewed here, several studies have demonstrated 

that progression of disease severity is accompanied by a rise 

of total costs as well as a change in the distribution of costs. 

During early stages of the disease, direct costs, which are 

mainly caused by DMT, dominate the total costs; whereas, 

with accumulation of disability during later stages of the 

disease especially indirect costs significantly increase.73 

Moreover, occurrence of relapses has been associated with 

a peak of costs. Noteworthy, quality of life is substantially 

reduced with increase of disability and during relapse.

Due to a better understanding of MS pathogenesis and 

the experience that efficacy of available DMT is high in early 

stages of MS but declines in the progressive phase of the 
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disease, the concept of early MS treatment has been estab-

lished. Therefore, DMTs are usually initiated after diagnosis 

of relapsing–remitting MS or even before definite diagnosis 

of MS is made at the stage of CIS.

Since DMTs are, in general, considered as rather expen-

sive treatments, there has been much debate whether it is eco-

nomically justifiable to widely prescribe these drugs. A major 

concern is that clinical trials for approval of DMT – even 

though they have clearly demonstrated efficacy on param-

eters such as relapses, MRI activity, and sometimes also on 

EDSS progression during the trial – have hardly addressed 

long-term disability.

Numerous studies have investigated the pharmacoeconom-

ics of DMT in MS, though only few have explicitly analyzed the 

pharmacoeconomic effect of early initiation of DMT in CIS.61–64 

These studies indicate that early versus delayed treatment with 

interferon beta may be overall cost-effective in the long term. 

Reduction of relapses, hospitalization, and indirect costs and a 

gain of QALYs seem to outweigh the costs of DMTs. However, 

to keep in mind, all these analyses and models highly depend on 

estimates of the applied input parameters. For instance, Becker 

et al74 recently demonstrated the impact of cohort selection by 

replicating a previously published model-based analysis75 on the 

cost-effectiveness of interferon beta in MS. Based on a different 

patient cohort with longer follow-up, costs per relapse avoided 

turned out to be approximately 45% lower than in the original 

model. In their study reviewed here, Iskedjian et al showed that, 

from the Canadian societal perspective, estimated incremental 

costs of early interferon beta treatment would be 189,286 CAD 

per QAMLY gained. When applying different utility estimates, 

the same analysis resulted in 91,228 CAD, which is less than 

50% of the former result.64 However, it seems to be ambigu-

ous which of the applied utility estimates may be more valid 

than the other. Thus, results of pharmacoeconomic studies 

and inferences that may be drawn by decision makers largely 

depend on the analysis approach, the applied simulations and 

estimations, the perspective of the analysis, and particularly 

on the quality of the pharmacoeconomic analysis. As shown 

in our review and for instance in the recent work by Yamamoto 

et al, the latter has turned out to be considerably variable.66 We 

believe that this is especially critical in a chronic, heteroge-

neous, and complex disease, such as MS. In this context, one 

should note, that several pharmacoeconomic studies in MS, 

including the four studies reviewed here, have been funded by 

manufacturers of DMT (Table 1). Obviously, the results of all 

four reviewed studies cannot be readily generalized to other 

national settings as several key input data (eg, costs) were  

country-specific.76

Besides interferon beta and GA, new DMTs have been 

introduced, which are used as baseline and/or escalation 

therapy. The wider range of DMTs, as well as escala-

tion strategies, needs to be taken into account in future 

pharmacoeconomic studies, which will be even more 

challenging.

Given limited resources to allocate pharmacoeconomics 

will remain of high importance. Therefore, we need more 

data on long-term efficacy of DMT and costs in MS in the 

real-life setting. Biomarkers, which will help to stratify 

patients at early stages with respect to severity of the disease 

course and response to therapy, are of great need from an 

economic point of view and even more so for patient care.

Disclosure
The authors report no conflicts of interest in this work.

References
 1. Compston A, Coles A. Multiple sclerosis. Lancet. 2002;359(9313): 

1221–1231.
 2. Korn T. Pathophysiology of multiple sclerosis. J Neurol. 2008; 

255(Suppl 6):2–6.
 3. Keegan BM, Noseworthy JH. Multiple sclerosis. Annu Rev Med. 

2002;53:285–302.
 4. Ascherio A, Munger KL. Environmental risk factors for mul-

tiple sclerosis. Part I: the role of infection. Ann Neurol. 2007;61(4): 
288–299.

 5. International Multiple Sclerosis Genetics Consortium; Wellcome Trust 
Case Control Consortium 2; Sawcer S, Hellenthal G, Pirinen M, et al. 
Genetic risk and a primary role for cell-mediated immune mechanisms 
in multiple sclerosis. Nature. 2011;476(7359):214–219.

 6. Lublin FD, Reingold SC. Defining the clinical course of multiple 
 sclerosis: results of an international survey. National Multiple Sclerosis 
Society (USA) Advisory Committee on Clinical Trials of New Agents 
in Multiple Sclerosis. Neurology. 1996;46(4):907–911.

 7. Weinshenker BG, Bass B, Rice GP, et al. The natural history of multiple 
sclerosis: a geographically based study. I. Clinical course and disability. 
Brain. 1989;112 (Pt 1):133–146.

 8. Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for 
multiple sclerosis: 2010 revisions to the McDonald criteria. Ann Neurol. 
2011;69(2):292–302.

 9. Confavreux C, Vukusic S, Moreau T, Adeleine P. Relapses and progres-
sion of disability in multiple sclerosis. N Engl J Med. 2000;343(20): 
1430–1438.

 10. Leray E, Yaouanq J, Le Page E, et al. Evidence for a two-stage disability 
progression in multiple sclerosis. Brain. 2010;133(Pt 7):1900–1913.

 11. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an 
expanded disability status scale (EDSS). Neurology. 1983;33(11): 
1444–1452.

 12. Fitzner D, Simons M. Chronic progressive multiple sclerosis –  
pathogenesis of neurodegeneration and therapeutic strategies. Curr 
Neuropharmacol. 2010;8(3):305–315.

 13. Filippini G, Del Giovane C, Vacchi L, et al. Immunomodulators and 
immunosuppressants for multiple sclerosis: a network meta-analysis. 
Cochrane Database Syst Rev. 2013;6:CD008933.

 14. Ruet A, Deloire M, Charré-Morin J, Hamel D, Brochet B. Cognitive 
impairment differs between primary progressive and relapsing– remitting 
MS. Neurology. 2013;80(16):1501–1508.

 15. Ziemssen T. Multiple sclerosis beyond EDSS: depression and fatigue. 
J Neurol Sci. 2009;277 Suppl 1:S37–S41.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment 2013:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1348

Castrop et al

 16. Buck D, Hemmer B. Treatment of multiple sclerosis: current concepts 
and future perspectives. J Neurol. 2011;258(10):1747–1762.

 17. Alonso A, Hernán MA. Temporal trends in the incidence of multiple 
sclerosis: a systematic review. Neurology. 2008;71(2):129–135.

 18. Tullman MJ. Overview of the epidemiology, diagnosis, and disease 
progression associated with multiple sclerosis. Am J Manag Care. 
2013;19(Suppl 2):S15–S20.

 19. Kurtzke JF. Epidemiology of multiple sclerosis. Does this really 
point toward an etiology? Lectio Doctoralis. Neurol Sci. 2000;21(6): 
383–403.

 20. Koch-Henriksen N, Sørensen PS. The changing demographic pattern of 
multiple sclerosis epidemiology. Lancet Neurol. 2010;9(5):520–532.

 21. Gustavsson A, Svensson M, Jacobi F, et al; CDBE2010 Study Group. Cost 
of disorders of the brain in Europe 2010. Eur  Neuropsychopharmacol. 
2011;21(10):718–779.

 22. Bohlega S, Inshasi J, Al Tahan AR, Madani AB, Qahtani H, Rieckmann P. 
Multiple sclerosis in the Arabian Gulf countries: a consensus statement. 
J Neurol. Epub March 17, 2013.

 23. Cristiano E, Rojas J, Romano M, et al. The epidemiology of multiple 
sclerosis in Latin America and the Caribbean: a systematic review. Mult 
Scler. 2013;19(7):844–854.

 24. Ascherio A, Munger KL. Environmental risk factors for multiple sclero-
sis. Part II: Noninfectious factors. Ann Neurol. 2007;61(6):504–513.

 25. Goodman CS. HTA 101 Introduction to Health Technology Assessment. 
Falls Church, Virginia, USA: The Lewin Group; 2004. Available from: 
http://www.nlm.nih.gov/nichsr/hta101/hta101.pdf. Accessed March 1, 
2013.

 26. Whetten-Goldstein K, Sloan FA, Goldstein LB, Kulas ED. A compre-
hensive assessment of the cost of multiple sclerosis in the United States. 
Mult Scler. 1998;4(5):419–425.

 27. Kobelt G, Berg J, Atherly D, Hadjimichael O. Costs and quality of 
life in multiple sclerosis: a cross-sectional study in the United States. 
Neurology. 2006;66(11):1696–1702.

 28. Karampampa K, Gustavsson A, Miltenburger C, Eckert B. Treatment 
experience, burden and unmet needs (TRIBUNE) in MS study: results 
from five European countries. Mult Scler. 2012;18(Suppl 2):7–15.

 29. Grima DT, Torrance GW, Francis G, Rice G, Rosner AJ, Lafortune L. 
Cost and health related quality of life consequences of multiple sclerosis. 
Mult Scler. 2000;6(2):91–98.

 30. Henriksson F, Fredrikson S, Masterman T, Jonsson B. Costs, quality of 
life and disease severity in multiple sclerosis: a cross-sectional study 
in Sweden. Eur J Neurol. 2001;8(1):27–35.

 31. Kobelt G, Berg J, Lindgren P, Fredrikson S, Jönsson B. Costs and 
quality of life of patients with multiple sclerosis in Europe. J Neurol 
Neurosurg Psychiatry. 2006;77(8):918–926.

 32. Reese JP, John A, Wienemann G, et al. Economic burden in a German 
cohort of patients with multiple sclerosis. Eur Neurol. 2011;66(6): 
311–321.

 33. Stüve O, Bennett JL, Hemmer B, et al. Pharmacological treatment of 
early multiple sclerosis. Drugs. 2008;68(1):73–83.

 34. Hemmer B, Stüve O, Kieseier B, Schellekens H, Hartung HP. Immune 
response to immunotherapy: the role of neutralising antibodies to 
interferon beta in the treatment of multiple sclerosis. Lancet Neurol. 
2005;4(7):403–412.

 35. IFNB Multiple Sclerosis Study Group. Interferon beta-1b is effective 
in relapsing–remitting multiple sclerosis. I. Clinical results of a multi-
center, randomized, double-blind, placebo-controlled trial. Neurology. 
1993;43(4):655–661.

 36. Jacobs LD, Cookfair DL, Rudick RA, et al. Intramuscular interferon 
beta-1a for disease progression in relapsing multiple sclerosis. The 
Multiple Sclerosis Collaborative Research Group (MSCRG). Ann 
Neurol. 1996;39(3):285–294.

 37. PRISMS (Prevention of Relapses and Disability by Interferon 
beta-1a Subcutaneously in Multiple Sclerosis) Study Group. Ran-
domised double-blind placebo-controlled study of interferon beta-1a 
in relapsing/remitting multiple sclerosis. Lancet. 1998;352(9139): 
1498–1504.

 38. Jacobs LD, Beck RW, Simon JH, et al. Intramuscular interferon beta-1a 
therapy initiated during a first demyelinating event in multiple sclerosis. 
CHAMPS Study Group. N Engl J Med. 2000;343(13):898–904.

 39. Comi G, Filippi M, Barkhof F, et al; Early Treatment of Multiple Scle-
rosis Study Group. Effect of early interferon treatment on conversion to 
definite multiple sclerosis: a randomised study. Lancet. 2001;357(9268): 
1576–1582.

 40. Kappos L, Polman CH, Freedman MS, et al. Treatment with interferon 
beta-1b delays conversion to clinically definite and McDonald MS in 
patients with clinically isolated syndromes. Neurology. 2006;67(7): 
1242–1249.

 41. Comi G, De Stefano N, Freedman MS, et al. Comparison of two dosing 
frequencies of subcutaneous interferon beta-1a in patients with a first 
clinical demyelinating event suggestive of multiple sclerosis (REFLEX): a 
phase 3 randomised controlled trial. Lancet Neurol. 2012;11(1):33–41.

 42. Poser CM, Paty DW, Scheinberg L, et al. New diagnostic criteria for 
multiple sclerosis: guidelines for research protocols. Ann Neurol. 
1983;13(3):227–231.

 43. McDonald WI, Compston A, Edan G, et al. Recommended diagnostic 
criteria for multiple sclerosis: guidelines from the International Panel on 
the diagnosis of multiple sclerosis. Ann Neurol. 2001;50(1):121–127.

 44. Kappos L, Freedman MS, Polman CH, et al; BENEFIT Study 
Group. Effect of early versus delayed interferon beta-1b treat-
ment on disability after a first clinical event suggestive of multiple 
sclerosis: a 3-year follow-up analysis of the BENEFIT study. Lancet. 
2007;370(9585):389–397.

 45. Kappos L, Freedman MS, Polman CH, et al. Long-term effect of early 
treatment with interferon beta-1b after a first clinical event suggestive 
of multiple sclerosis: 5-year active treatment extension of the phase 3 
BENEFIT trial. Lancet Neurol. 2009;8(11):987–997.

 46. Montalban X, Hartung HP, Eda G, et al. The Use of Disease-Modfying 
Therapy in the BENEFIT Extension Study [abstract]. ECTRIMS 
October 22, 2011. Mult Scler. 2011 2011;17(10 suppl):S53–S276.

 47. Edan G, Kappos L, Montalban X, et al. Long-Term Effect of Early Treat-
ment With Interferon Beta-1B After a First Clinical Event Suggestive of 
Multiple Sclerosis: 8-year Observational Extension of the Phase 3 BEN-
EFIT Trial [abstract]. ECTRIMS October 22, 2011. Mult Scler. 2011;17(10 
Suppl):S277–S505.

 48. Reder AT, Ebers GC, Traboulsee A, et al; Investigators of the 16-Year 
Long-Term Follow-Up Study. Cross-sectional study assessing 
long-term safety of interferon-beta-1b for relapsing–remitting MS. 
 Neurology. 2010;74(23):1877–1885.

 49. Sorensen PS, Koch-Henriksen N, Ross C, Clemmesen KM, Bendtzen K; 
Danish Multiple Sclerosis Study Group. Appearance and disappearance 
of neutralizing antibodies during interferon-beta therapy. Neurology. 
2005;65(1):33–39.

 50. Bertolotto A, Deisenhammer F, Gallo P, Sölberg Sørensen P. 
 Immunogenicity of interferon beta: differences among products. J Neurol. 
2004;251 Suppl 2:II15–II24.

 51. Farrell RA, Giovannoni G. Measuring and management of anti-
interferon beta antibodies in subjects with multiple sclerosis. Mult 
Scler. 2007;13(5):567–577.

 52. van der Voort LF, Visser A, Knol DL, Oudejans CB, Polman CH, 
Killestein J. Lack of interferon-beta bioactivity is associated with the 
occurrence of relapses in multiple sclerosis. Eur J Neurol. 2009;16(9): 
1049–1052.

 53. Pachner AR, Cadavid D, Wolansky L, Skurnick J. Effect of anti-
IFN{beta} antibodies on MRI lesions of MS patients in the BECOME 
study. Neurology. 2009;73(18):1485–1492.

 54. IFNB Multiple Sclerosis Study Group and the University of British 
Columbia MS/MRI Analysis Group. Neutralizing antibodies during 
treatment of multiple sclerosis with interferon beta-1b: experience 
during the first three years. Neurology. 1996;47(4):889–894.

 55. Sorensen PS, Ross C, Clemmesen KM, et al; Danish Multiple Sclerosis 
Study Group. Clinical importance of neutralising antibodies against 
interferon beta in patients with relapsing–remitting multiple sclerosis. 
Lancet. 2003;362(9391):1184–1191.

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.nlm.nih.gov/nichsr/hta101/hta101.pdf


Neuropsychiatric Disease and Treatment

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal

Neuropsychiatric Disease and Treatment is an international, peer-
reviewed journal of clinical therapeutics and pharmacology focusing 
on concise rapid reporting of clinical or pre-clinical studies on a 
range of neuropsychiatric and neurological disorders. This journal 
is indexed on PubMed Central, the ‘PsycINFO’ database and CAS.  

The manuscript management system is completely online and includes 
a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

Neuropsychiatric Disease and Treatment 2013:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

1349

Pharmacoeconomics in early MS

 56. Goodin DS, Frohman EM, Hurwitz B, et al. Neutralizing antibodies to 
interferon beta: assessment of their clinical and radiographic impact: an 
evidence report: report of the Therapeutics and Technology Assessment 
Subcommittee of the American Academy of Neurology. Neurology. 
2007;68(13):977–984.

 57. Comi G, Martinelli V, Rodegher M, et al; PreCISe study group. Effect 
of glatiramer acetate on conversion to clinically definite multiple scle-
rosis in patients with clinically isolated syndrome (PreCISe study): 
a randomised, double-blind, placebo-controlled trial. Lancet. 2009; 
374(9700):1503–1511.

 58. Husereau D, Drummond M, Petrou S, et al; ISPOR Health Economic 
Evaluation Publication Guidelines-CHEERS Good Reporting Practices 
Task Force. Consolidated Health Economic Evaluation Reporting Stan-
dards (CHEERS) – explanation and elaboration: a report of the ISPOR 
Health Economic Evaluation Publication Guidelines Good Reporting 
Practices Task Force. Value Health. 2013;16(2):231–250.

 59. Gold MR, Stevenson D, Fryback DG. HALYS and QALYS and 
DALYS, Oh My: similarities and differences in summary measures of 
population Health. Annu Rev Public Health. 2002;23:115–134.

 60. Sonnenberg FA, Beck JR. Markov models in medical decision making: 
a practical guide. Med Decis Making. 1993;13(4):322–338.

 61. Caloyeras JP, Zhang B, Wang C, et al. Cost-effectiveness analysis of 
interferon beta-1b for the treatment of patients with a first clinical event 
suggestive of multiple sclerosis. Clin Ther. 2012;34(5):1132–1144.

 62. Curkendall SM, Wang C, Johnson BH, et al. Potential health care cost 
savings associated with early treatment of multiple sclerosis using 
disease-modifying therapy. Clin Ther. 2011;33(7):914–925.

 63. Lazzaro C, Bianchi C, Peracino L, Zacchetti P, Uccelli A. Economic 
evaluation of treating clinically isolated syndrome and subsequent mul-
tiple sclerosis with interferon beta-1b. Neurol Sci. 2009;30(1):21–31.

 64. Iskedjian M, Walker JH, Gray T, Vicente C, Einarson TR, Gehshan A. 
Economic evaluation of Avonex (interferon beta-Ia) in patients following 
a single demyelinating event. Mult Scler. 2005;11(5):542–551.

 65. Chiou CF, Hay JW, Wallace JF, et al. Development and validation of a 
grading system for the quality of cost-effectiveness studies. Med Care. 
2003;41(1):32–44.

 66. Yamamoto D, Campbell JD. Cost-effectiveness of multiple sclerosis 
disease-modifying therapies: a systematic review of the literature. 
Autoimmune Dis. 2012;2012:784364.

 67. Kobelt G, Jönsson L, Fredriksson S. Cost-utility analysis of Interferon 
Beta-1b in the treatment of different types of Multiple Sclerosis. SSE/
EFI Working Paper Series in Economics and Finance, Stockholm School 
of Economics. 2001 (No 459).

 68. Amato MP, Battaglia MA, Caputo D, et al. The costs of multiple 
sclerosis: a cross-sectional, multicenter cost-of-illness study in Italy.  
J Neurol. 2002;249(2):152–163.

 69. Messori A, Santarlasci B, Trippoli S, Vaiani M. Controvalore economico 
del farmaco e beneficio clinico: stato dell’arte della metodologia e 
applicazione di un algoritmo farmacoeconomico. PharmacoEconomics 
Italian Research Articles. 2003;5(2):53–67.

 70. Grima DT, Torrance GW, Francis G, Rice G, Rosner AJ, Lafortune L. 
Cost and health related quality of life consequences of multiple sclerosis. 
Multiple sclerosis. 2000;6(2):91–98.

 71. Canadian Burden of Illness Study Group. Burden of illness of multiple 
sclerosis: Part I: Cost of illness. Can J Neurol Sci. 1998;25(1):23–30.

 72. Canadian Burden of Illness Study Group. Burden of illness of mul-
tiple sclerosis: Part II: Quality of life. Can J Neurol Sci. 1998;25(1): 
31–38.

 73. Naci H, Fleurence R, Birt J, Duhig A. Economic burden of multiple 
sclerosis: a systematic review of the literature. Pharmacoeconomics. 
2010;28(5):363–379.

 74. Becker RV 3rd, 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):377–381.

 75. Goldberg LD, Edwards NC, Fincher C, Doan QV, Al-Sabbagh A, 
 Meletiche DM. Comparing the cost-effectiveness of disease-modifying 
drugs for the first-line treatment of relapsing–remitting multiple 
 sclerosis. J Manag Care Pharm. 2009;15(7):543–555.

 76. Drummond M, Barbieri M, Cook J, et al. Transferability of economic 
evaluations across jurisdictions: ISPOR Good Research Practices Task 
Force report. Value Health. 2009;12(4):409–418.

http://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


