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Key definitions 


Direct costs: The value of all goods, services and other resources that are consumed in the 

provision of an intervention or in dealing with the side effects or other current and future 

consequences linked to it.(a) 

Incremental cost-effectiveness ratio: The ratio of the difference in costs between two 

alternatives to the difference in effectiveness between the same two alternatives.(a) 

Indirect costs: Productivity gains or losses related to illness or death.(a) 

Marginal cost-effectiveness ratio: The incremental cost-effectiveness ratio between two 

alternatives that differ by one unit along some quantitative scale of intensity, dose, or duration.(a) 

Markov Chain Monte Carlo: A class of algorithms for sampling from probability distributions 

based on constructing a Markov chain. 

Net benefit: The valuation of the benefits resulting from the use of a healthcare intervention in 

monetary terms, less any cost consequences. Where health gains are valued in terms of quality 

adjusted life years, this corresponds to the number of QALY produced by an intervention x 

willingness to pay threshold (l) – the cost of the providing the intervention. 

Probabilistic sensitivity analysis: A form of model testing in which uncertainty surrounding all 

model parameter values are described by probability distributions rather than single (mean) 

values. This uncertainty is propagated through the model over a large number of iterations in order 

to generate information on the likelihood that a given intervention produces the greatest amount of 

net benefit. 

Quality adjusted life year (QALY): A measure of health outcome which assigns to each period 

of time a weight, usually ranging from 0 to 1, corresponding to the health-related quality of life 

during that period, where a weight of 1 corresponds to optimal health, and a weight of 0 

corresponds to a state of health judged equivalent to death.(a) Survival gains are then weighted by 

these quality of life adjustments and aggregated to produce QALYs. 

Willingness-to-pay: The maximum amount for which an individual is willing to pay to achieve a 

given level of health benefit (usually denoted by lambda, l). 

(a) Gold MR, Siegel JE, Russell LB, Weinstein MC. Cost-effectiveness in health and medicine. 

1996. Oxford University Press: New York. 
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Executive summary 
Background 
This report describes one of two studies undertaken to address a Congressional mandate to 

evaluate the cost-effectiveness of expanded drug coverage to Medicare under the Medicare 

Replacement Drug Demonstration. The demonstration aimed to improve beneficiary access to 

selected new oral anti-cancer drugs and other self-injected medications such as those used to treat 

multiple sclerosis (MS). Currently, treatment of MS using IFNβ-1a is covered under Medicare 

Part B when administered intra-muscularly by a physician. Until the new prescription drug benefit 

(Medicare Part D) began in 2006, subcutaneous injection of IFNβ-1a administered by the patient 

was not covered. The MRDD provided temporary national coverage to all self-administered 

treatments during the 16 months before Medicare Part D was implemented. Patient cost-sharing 

under the MRDD was structured to resemble Part D. The second study examines the cost-

effectiveness of anti-TNF inhibitors for treating rheumatoid arthritis. 

The main question addressed by this review is “What is the clinical effectiveness and cost-

effectiveness of interferon beta (IFNβ) and glatiramer acetate (GA) in the management of 

relapsing/remitting multiple sclerosis and secondary-progressive multiple sclerosis to the 

Medicare program in the United States?” 

Clinical effectiveness methods 
The relevant patient population for inclusion within the review of clinical effectiveness was: 

• adults with RRMS, eligible for treatment with IFNβ or GA; or 

• adults with SPMS, eligible for treatment with IFNβ. 

Five interventions were included in the review: 

• GA 20mg (Copaxone/Copolymer-1), daily subcutaneous injection;   

• IFNβ-1a 22μg (Rebif), subcutaneous injection 3 times a week;  

• IFNβ-1a 44μg (Rebif), subcutaneous injection 3 times a week;  

• IFNβ-1a 6MIU (Avonex), intramuscular injection once per week;  

• IFNβ-1b 8MIU (Betaseron), subcutaneous injection every other day.  

The relevant comparator for the assessment was placebo, or another disease-modifying therapy 

where head-to-head studies were available. The following co-interventions were defined for 

inclusion within the review: best supportive care, including symptom control, physiotherapy, 

psychiatric and social support, disability aids, concomitant medication (not immunomodulatory 

therapy) for relapses or treatment-related adverse events. 
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The following clinical effectiveness outcomes were included within the review of clinical 

effectiveness: 

• EDSS disease progression rates; 

• Relapse rates; 

• Health-related quality of life; 

• Adverse events / toxicity; 

• Study withdrawals and dropouts. 

Studies for inclusion in the review included randomized controlled trials, which could be either 

placebo-controlled or head-to-head trials. Non-randomized trials would have been included in the 

review only if randomized studies were not available. Systematic reviews were also identified; 

while these were not included in the review of clinical effectiveness, these were retained for 

discussion. Studies were excluded from the review if off-label doses or off-label administrations 

of IFNβ or GA were employed. Studies of other medications for MS not listed as included 

interventions were excluded. Clinical trials which did not report EDSS progression data were also 

excluded from the review. 

Pre-specified outcomes were tabulated and discussed within a descriptive synthesis. Evidence on 

the comparative efficacy of three of the interventions included in the review (plus placebo) was 

synthesized using mixed treatment comparisons models. 

Clinical effectiveness results 
The systematic searches identified nine RCTs which met the inclusion criteria. Five of these 

studies were placebo-controlled trials in patients with RRMS, and two were placebo-controlled 

trials in patients with SPMS. The remaining two studies were head-to-head trials in patients with 

RRMS. 

The randomization strategy was adequate in six of the placebo-controlled trials, and unclear in one 

trial. Randomization strategies were adequate in both head-to-head trials. Concealment of 

treatment assignment was adequate in five of the placebo-controlled trials. In all seven placebo-

controlled trials, patients, providers and outcome assessors were blinded to treatment group. 

Blinding may have been compromised by adverse events in intervention groups (typically 

injection-site reactions). In all seven placebo-controlled trials, examining neurologists/physicians 

were separate from treating physicians. Patients and providers were not blinded in the head-to

head trials. 

For the treatment of RRMS, all interventions significantly reduced relapse rates when compared 

with placebo. IFNβ-1b 8MIU and IFNβ-1a 44μg both reduced relapse rates significantly more 
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than IFNβ-1a 6MIU. Based upon the analysis of the placebo-controlled RCTs, the relative 

reduction in relapse rate was estimated to be around 30% for IFNβ-1a 44μg, IFNβ-1a 22μg, IFNβ

1b 8MIU and GA 20mg. The relative reduction in relapse rate was estimated to be approximately 

18% for IFNβ-1a 6MIU versus placebo. When evidence from the head-to-head trials was included 

in the analysis, mean reductions in relapse rates appear very similar to the placebo-controlled trial 

estimates. IFNβ-1b 8MIU significantly improved relapse rates compared with placebo in the 

treatment of SPMS; the relative reduction in relapse rate for IFNβ-1b 8MIU versus placebo was 

estimated to be between 26% and 43%. 

For placebo-controlled trials in patients with RRMS, significant improvements in time to 

sustained disease progression were reported for IFNβ-1a at both 44μg and 22μg doses, and for 

IFNβ-1a 6MIU compared against placebo. The latter study was terminated prematurely, and many 

reported analyses were not undertaken according to the intention-to-treat principle. The relative 

hazard ratio for progression for GA 20mg versus placebo was estimated to be in the range 0.76 to 

0.86. The estimated relative hazard ratio for progression for IFNβ-1a 6MIU versus placebo was 

estimated to be 0.58. The relative hazard ratio for progression for IFNβ-1b 8MIU versus placebo 

was estimated to be 0.71. The estimated relative hazard ratios for progression for IFNβ-1a 44μg 

and IFNβ-1a 22μg versus placebo were estimated to be 0.60 and 0.72 respectively. Estimates of 

uncertainty surrounding these hazard ratios were not available (or calculable) from the limited 

data reported within the study publications. 

A significant improvement in time to sustained EDSS progression was reported for IFNβ-1b 

8MIU compared to IFNβ-1a 6MIU. IFNβ-1a 44μg did not significantly delay time to disease 

progression compared to IFNβ-1a 6MIU, although the data suggested a progression risk reduction 

in favor of the IFNβ-1a 44μg group. The mixed treatment comparisons model suggested that the 

modified relative hazard ratios for disease progression for IFNβ-1a 6MIU, IFNβ-1b 8MIU, and 

IFNβ-1a 44μg versus placebo were 0.79, 0.52, and 0.70 respectively.  

For the treatment of SPMS, one study reported a statistically significant improvement in time to 

disease progression for IFNβ-1b 8MIU; a non-significant difference was reported for the other 

SPMS trial. The relative hazard ratio for progression for IFNβ-1b 8MIU versus placebo was 

estimated to be in the range 0.72 to 0.93. 

Health economic methods 
Evidence on the costs and effects of the use of IFNβ and GA in the treatment of MS were 

synthesised within a state transition cohort model. The model was originally developed for use in 

the appraisal of IFNβ and GA on behalf of the National Institute for Clinical Excellence in 

England and Wales in 2001. As with the earlier UK cost-effectiveness analysis, the assumptions 
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employed within the model developed for CMS favor IFNβ and GA over best supportive care. 

The original cost-effectiveness model was updated to incorporate a lifetime horizon for the 

evaluation of the costs and effects of alternative treatment options, the incorporation of US-

specific data on baseline disease severity, updated estimates of treatment effectiveness derived 

from the review of clinical effectiveness, updated estimates of health-related quality of life by 

EDSS state from a cohort of patients within Nova Scotia, and US-specific data on the costs of 

disease-modifying therapies and the costs of MS care from the perspective of the health care 

payer. The population for the cost-effectiveness analysis is the representative Medicare 

beneficiary with MS, as described by and agreed with the CMS. 

Health economic results 
Under the base case assumptions the marginal cost-effectiveness of the disease-modifying 

therapies compared to best supportive care is expected to be greater than $100,000 per QALY 

gained. The central estimate of cost-effectiveness for IFNβ-1a 6MIU versus best supportive care is 

estimated to be approximately $112,500 per QALY gained. When this therapy is self-

administered, this results in a slightly more favorable estimate of $104,200 per QALY gained. 

However, the trial from which the efficacy estimate for IFNβ-1a 6MIU versus placebo was 

derived was terminated early and the clinical analysis was not undertaken according to the ITT 

principle. The central estimates of cost-effectiveness for IFNβ-1a 22μg and IFNβ-1a 44μg versus 

best supportive care are estimated to be $198,500 per QALY gained and $131,900 per QALY 

gained respectively. For the treatment of RRMS, the central estimate of cost-effectiveness for 

IFNβ-1b 8MIU versus best supportive care is estimated to be $164,100 per QALY gained. When 

disease-modifying therapy is assumed to continue upon progression to SPMS, the central estimate 

of cost-effectiveness for IFNβ-1b 8MIU versus best supportive care is estimated to be $295,200 

per QALY gained. The central estimate of cost-effectiveness for GA 20mg versus best supportive 

care is estimated to be $332,000 per QALY gained. 

When information from the head-to-head trials is used to modify the estimated effectiveness of the 

disease-modifying therapies, the marginal cost-effectiveness of IFNβ-1a 6MIU is estimated to be 

in the range $230,800 - $248,600 per QALY gained when compared against best supportive care. 

The results of the head-to-head analysis of IFNβ-1a 6MIU are broadly consistent with the UK 

commercial-in-confidence ITT analysis, whereby the marginal cost-effectiveness ratio for IFNβ

1a 6MIU versus best supportive care appears considerably less economically attractive than the 

cost-effectiveness estimate produced using the public domain placebo-controlled trial estimates of 

effectiveness. When the model includes information from the head-to-head trials, the adjusted 

marginal cost-effectiveness of IFNβ-1b 8MIU is estimated to be approximately $91,100 per 

QALY gained compared to best supportive care. Based on the modified treatment effectiveness 

estimates, the marginal cost-effectiveness of IFNB-1a 44μg versus best supportive care is 
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estimated to be $179,900 per QALY gained. However, owing to heterogeneities between the trials 

in terms of patients and the definitions of progression and relapse endpoints, the results of these 

analyses should be interpreted cautiously. 

Owing to the absence of US clinical guidelines concerning treatment cessation, the base case 

model assumes that all patients continue treatment until EDSS 10. However, if one assumes that 

patients discontinue therapy upon progression to EDSS 7.0, the analysis produces notably more 

favorable marginal cost-effectiveness estimates for all of the disease-modifying therapies 

compared to best supportive care. This finding is of particular relevance to the MS Medicare 

population in the US, who on average are likely to be older and more disabled than those patients 

recruited into the clinical trials from which estimates of efficacy were drawn. The sensitivity 

analysis shows that the central estimates of cost-effectiveness presented here are subject to 

considerable uncertainty, particularly with respect to the long-term impact of these therapies on 

clinical outcomes. The simple sensitivity analysis also demonstrates that the effectiveness of 

disease-modifying therapy upon EDSS progression has a considerable impact upon the cost-

effectiveness of these therapies, while the impact of therapy upon relapse does not substantially 

affect cost-effectiveness outcomes. This does not mean that relapses are not clinically important, 

but rather that the impact of treatment upon disease progression has greater capacity to affect the 

cost-effectiveness of these therapies. 

Under the base case model assumptions whereby patients are assumed to continue treatment until 

EDSS 10, the probability that any of the disease-modifying therapies has a marginal cost-

effectiveness that is better than $60,000 per QALY gained when compared to best supportive care 

is estimated to be 0.10 or lower. The probability that any of the disease-modifying therapies has a 

marginal cost-effectiveness that is better than $100,000 per QALY gained when compared to best 

supportive care is estimated to be 0.48 lower. On account of the substantial improvement in cost-

effectiveness demonstrated when all patients were assumed to stop treatment upon progression to 

EDSS 7.0, further probabilistic sensitivity analysis was undertaken for this scenario. Under this 

assumption, the probability that any of the disease-modifying therapies has a marginal cost-

effectiveness that is better than $60,000 per QALY gained when compared to best supportive care 

is estimated to be 0.50 or lower. The probability that any of the disease-modifying therapies has a 

marginal cost-effectiveness that is better than $100,000 per QALY gained when compared to best 

supportive care is estimated to be 0.76 or lower. 

Conclusions 
This assessment is intended to represent the most appropriate and robust analysis of the cost-

effectiveness of the disease-modifying therapies for the US Medicare MS population given current 

evidence. However, the current state of evidence concerning the chronic use of these therapies is 
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subject to several important gaps and uncertainties. Where evidence is weak or absent, the 

assumptions employed within the cost-effectiveness analysis favor the disease-modifying 

therapies. Under the base case model assumptions, the cost-effectiveness of IFNβ-1a, IFNβ-1b and 

GA is in excess of $100,000 per QALY gained when compared against best supportive. Cessation 

of treatment upon progression to EDSS 7.0 may provide a more cost-effective treatment strategy 

for all of the therapies. 

Areas for further research 
The state of knowledge on the clinical and cost implications of the disease-modifying therapies is 

continuously evolving. The review of clinical effectiveness and the development of the US cost-

effectiveness model for the disease-modifying therapies highlights a number of areas in which 

further research is warranted. 

•	 Existing RCTs of IFNβ and GA have used trial durations of between 9 months and 5 

years. Further research concerning the impact of the disease-modifying therapies on long-

term disease progression and relapse is required. 

•	 There is a dearth of evidence concerning the effectiveness of sequences of disease-

modifying therapies for MS. Further research concerning the clinical effectiveness and 

cost-effectiveness of alternative sequences of disease-modifying therapies is merited. 

•	 Further research on the relationship between the EDSS, health care utilization and costs 

of care in the US Medicare MS population would be valuable. 

•	 Finally, research concerning the relationship between the EDSS and health utility in the 

US population may enhance the external validity of subsequent cost-effectiveness 

analyses of MS therapies. 
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1.0 Aims and objectives 
1.1 Background to study 
This report describes one of two studies undertaken to address a Congressional mandate to 

evaluate the cost-effectiveness of expanded drug coverage to Medicare under the Medicare 

Replacement Drug Demonstration (MRDD). The demonstration aimed to improve beneficiary 

access to selected new oral anti-cancer drugs and other self-injected medications such as those 

used to treat multiple sclerosis (MS). Currently, treatment of MS using IFNβ-1a is covered under 

Medicare Part B when administered intra-muscularly by a physician. Until the new prescription 

drug benefit (Medicare Part D) began in 2006, subcutaneous injection of IFNβ-1a administered by 

the patient was not covered. The MRDD provided temporary national coverage to all self-

administered treatments during the 16 months before Medicare Part D was implemented. Patient 

cost-sharing under the MRDD was structured to resemble Part D. The second study examines the 

cost-effectiveness of anti-TNF inhibitors for treating rheumatoid arthritis. 

1.2 Study aim 
The main question addressed by this review is “What is the clinical effectiveness and cost-

effectiveness of interferon beta (IFNβ) and glatiramer acetate (GA) in the management of 

relapsing/remitting multiple sclerosis (RRMS) and secondary-progressive multiple sclerosis 

(SPMS) to the Medicare program in the United States?” 

1.3 Study objectives 
More specifically the objectives of the study are: 

•	 To evaluate the clinical effectiveness of IFNβ and GA in the management of RRMS and 

SPMS within their label indications as compared with best supportive care or Avonex; 

•	 To estimate the cost-effectiveness of IFNβ and GA in the management of RRMS and 

SPMS as compared with best supportive care or Avonex from the perspective of the US 

health care payer. 

1.4 Structure of the report 
Chapter 2  presents a background to the natural history and diagnosis of MS, and describes the 

alternative pharmacological and non-pharmacological approaches to the management of the 

disease. 

Chapter 3 reports the methods for the systematic review of clinical effectiveness of IFNβ and GA 

in the management of MS. In addition, methods for estimating effectiveness parameters for use in 

the cost-effectiveness model are described in detail. 

1 



Chapter 4  presents the results of the systematic review of clinical effectiveness. Effectiveness 

parameters used in the subsequent cost-effectiveness analysis (i.e. relative relapse rates and 

relative hazard ratios for MS progression) are also reported within this chapter of the report. 

Chapter 5  presents the methods used to evaluate the cost-effectiveness of IFNβ and GA in the 

management of MS. All major structural assumptions and sources of evidence used within the 

model are described within this chapter. 

Chapter 6  reports the results of the cost-effectiveness analysis. The base case analysis reports 

estimates of the marginal cost-effectiveness of each therapy compared to best supportive care 

based exclusively upon the placebo-controlled evidence. Simple sensitivity analyses are presented 

to demonstrate the impact of discontinuing treatment upon progression to EDSS 7.0, alternative 

model time horizons, assumptions concerning the relationship between MS disability and the costs 

of care, and alternative values for other model parameters on the central estimates of cost-

effectiveness. A further sensitivity analysis is presented using modified treatment effectiveness 

estimates informed by the head-to-head trials of disease-modifying therapies. All health economic 

analyses are reported from the perspective of the US health care payer. Finally, this chapter 

reports the results of the probabilistic sensitivity analysis, as represented by marginal Cost 

Effectiveness Acceptability Curves (See “Key Definitions”). 

Chapter 7 discusses the results of the assessment of clinical effectiveness and cost-effectiveness 

and highlights implications for clinical practice in the US. Limitations concerning the current state 

of clinical and cost evidence are highlighted and their implications on the cost-effectiveness of the 

disease-modifying therapies are discussed. Areas in which further research is indicated are also 

discussed. 

Chapter 8  presents the conclusions on the clinical effectiveness and cost-effectiveness of the 

disease-modifying therapies in the management of MS. 
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2.0 Background 
2.1 Prevalence of MS 
MS is a demyelinating disease of the central nervous system (CNS). MS causes damage to the 

myelin nerve fibre in the brain and spinal cord through the development of hardened sclerotic 

plaques, which in turn interrupt the transmission of nerve impulses. MS is one of the most 

common neurological conditions affecting young adults, and is two to three times more common 

in women than men.1;2 An estimated 400,000 people in the US have MS, and its prevalence in the 

Northern states is reported to be higher than in the Southern states.2 

2.2 Clinical course of MS 
Three common classifications of MS have been identified according to the characteristics of the 

underlying disease: relapsing/remitting MS (RRMS); secondary progressive MS (SPMS); and 

primary progressive MS (PPMS). The broad clinical course of these types of MS is detailed in 

Table 1. 

Table 1  Classifications of MS with general descriptions of disease characteristics3 

MS classification Description of disease characteristics 
Common disease classifications 
Relapsing/remitting MS Clearly defined disease relapses with full recovery or with 

sequelae and residual deficit upon recovery; periods between 
relapses characterized by a lack of disease progression.  
Approximately 80% of patients have RRMS at onset. 

Primary progressive MS Disease progression from onset with occasional plateaus and 
temporary minor improvements. Approximately 10-15% patients 
have PPMS disease at onset. 

Secondary progressive MS Initial relapsing-remitting course followed by progression with or 
without occasional relapses, minor remissions and plateaus. 
Approximately 50% of people with RRMS develop SPMS during 
the first 15-20 years of their illness. 

Less common disease classifications 
Progressive relapsing MS 
(PRMS) 

Progressive from onset with clear acute relapses but with 
progression between relapses (this is probably comparable to 
primary progressive disease). 

Benign MS Disease in which the patient remains fully functional in all 
neurologic systems. 

Malignant MS Rapid progressive course leading to significant disability in 
multiple neurologic systems or death in a relatively short time 
following disease onset. 

These disease classifications remain controversial given the limited epidemiological evidence 

against which to assess their validity or reliability. Attempts to refine these MS classifications 

have led to difficulty in combining estimates of prevalence and incidence across studies.4 
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2.3 Diagnosis of MS 
MS is usually diagnosed between the ages of 20 and 50 years.1 While the etiology of MS is 

currently unclear, there is evidence to suggest that MS results from an autoimmune response, 

although it has been suggested that both environmental and genetic factors play a role.1 MS is 

diagnosed clinically, and is dependent upon obtaining evidence of sclerotic lesions located in 

different parts of the CNS at different points in time.1 There is no definitive diagnostic test for 

MS; a confirmed diagnosis of established MS may require several neurological tests and clinical 

assessment over a period of time. It may not be possible to make a definite diagnosis of MS during 

the early stages of the disease. MS is typically diagnosed through clinical assessment, magnetic 

resonance imaging (MRI) or through examination of cerebrospinal fluid (CSF). However even 

among specialist neurologists there may be disagreement.3 In 2001, the Royal College of 

Physicians (London, UK) issued the "McDonald Criteria" for the diagnosis of MS;5 these criteria 

integrate MRI assessment with clinical and other paraclinical methods. The McDonald Criteria 

have been extensively used and assessed; revisions to the criteria have subsequently been 

published.6 

2.4 Symptoms associated with MS 
MS is characterized by a variety of debilitating symptoms including pain, fatigue, muscle 

spasticity and spasm, ataxia and tremor, bladder disturbance and micturition problems, sleep 

disturbance, balance and postural problems, optic neuritis, paraesthesiae, diplopia and vertigo. In 

general, the severity of MS symptoms reflect the degree of myelin loss that has taken place, 

although the development of sclerotic patches leads to variation in symptoms experienced between 

patients, as well as variation in the symptoms experienced by an individual patient throughout the 

course of the disease.1 

2.5 Measurement of disease progression 
Disease progression is typically measured in terms of impairment and disability, using Kurtzke’s 

Expanded Disability Status Scale (EDSS), an ordinal scale ranging from EDSS 0 (normal 

neurologic examination) to EDSS 10 (death due to MS).7 The EDSS is presented in Appendix 1. 

Up to EDSS 3.5 the scale measures neurological impairments that are likely to have limited if any 

impact upon the activities of daily living. EDSS scores between 4.0 and 5.5 reflect ambulatory 

limitations. At EDSS 6.0 and EDSS 6.5, patients require intermittent or constant mobility 

assistance. For scores over EDSS 7.0, patients will require a wheelchair. The progression to SPMS 

normally takes place over the EDSS range 2.5 to 4.5. Disability progression is associated with 

permanent reductions in quality of life and increases in the cost of medical management.7 
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2.6 Burden of disease 
The burden of MS is substantial, as the disease affects every aspect of a sufferer’s life including 

self care, relationships, work and travel. The burden for families and carers is also considerable. 

There is no cure for MS, hence a central focus of the management of MS concerns improving the 

patient’s day-to-day quality of life by treating those symptoms which have the greatest impact on 

the physical, social and emotional wellbeing of patients, their families and their carers. The 

emotional, social and physical burden of MS is well documented in anecdotal patient reports and 

surveys. 

As the disease progresses and the patient’s symptoms become more severe, greater healthcare 

resources are required for the management of the disease. The annual per patient cost varies 

considerably according to the progression of the disease and the severity of symptoms 

experienced. The financial burden of MS is considerable, although published evidence on the cost 

of managing the disease in the US is limited. Whetten-Goldstein and colleagues8 undertook an 

analysis of costs of MS in the US based upon survey data and various secondary sources. The 

analysis included the costs of personal health services such as the use of hospital resources, 

physician costs, drug costs, personal assistance, formal and informal care, domestic help, 

occupational therapy, and lost earnings. The authors estimated the annual cost of MS to be 

$34,000 per person, which translated to a lifetime per patient cost of $2.2 million (1994 US 

prices). The analysis included both direct and indirect costs; lost earnings and the costs of informal 

care were identified as major cost components. The annual cost of MS within the US was 

estimated to be $6.8 billion.8 

2.7 Current treatments available for the management of MS 
Disease management focuses on slowing progression and preventing relapse as well as symptom-

control. It has been suggested that patients are principally concerned with limiting their handicap 

by attention to social, vocational, marital, sexual and psychological aspects of the disease.1 A 

recent systematic review of pharmacological and non-pharmacological therapies used in the 

management of MS spasticity and pain9 identified a large number of studies concerning 15 

pharmacological therapies used to manage MS spasticity and 14 pharmacological therapies used to 

manage MS pain. 

The variation in symptoms experienced by patients throughout the course of disease, together with 

the vast range of pharmacological interventions used to manage these symptoms (See Table 2) 

highlights that there is currently no effective standard current therapy for the universal 

management of MS. Further, the efficacy of many therapies may be limited by their toxicity.9 

Evidence concerning the effectiveness of many of these therapies is very limited, thus many 

interventions are commonly prescribed off-label.9 Non-pharmacological treatments are also used 
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to manage MS symptoms; these may include speech therapy, physiotherapy, and occupational 

therapy. 

Table 2 Pharmacological therapies in the management of symptoms association with MS1 

Symptom Therapies used to treat early 
disease 

Therapies used to treat late 
disease 

Spasticity Baclofen, dantrium, i.v. 
methylprednisolone, 
benzodiazepines, threonine, 
tizanadine, vigabatrin, chlonodine, 
mexilitinem ivermectin, 
cannabinoids 

Intrathecal baclofen, botulinum 
toxin, phenol, tendon surgery, 
rhizotomy, nerve section, 
magnetic stimulation 

Tremor β blockers, primidone, 
glutethamide, clonazepam, 
izoniazid, ondanestron, hyocsine, 
carbamazepine, sodium valproate 

Streotactic thalamotomy, 
thalamic stimulation, physical 
restraint 

Dizziness and 
nystagmus 

Cinnarizine, prochorperazine, 
memantine 

Fatigue Amantidine, permoline, fluoxetine 
Strength 4-aminopyridine, 2,4

diaminopryidine, electrical 
stimulation 

Bladder storage 
(detrusor) 

Oxybutynin, propantheline, 
imipramine, flavoxate, 
dicyclamide, maprotilene, 
isoprenaline, empromium 

Bladder storage 
(sphincter) 

Ephedrine, phenylpranolamine, 
imipramine, desmopressin 

Bladder emptying 
(detrusor) 

Carbachol, bethanecol, distigmine, 
abdominal pressure 

Local phenol, capsaicin, 
lidocaine, verapamil 

Bladder emptying 
(sphincter) 

Phenoxybenzamine, prazcin, 
terazocin, diazepam, baclofen, 
dantrium, perineal stimulation 

Electrical stimulation, bladder 
neck surgery 

Combined storage 
and emptying 

Self catheterization ± oxybutinin Artificial sphincters, permanent 
catheterization, urinary 
diversion 

Bowel Loperamide, bulk laxatives, 
enemas 

Faecal containment, colostomy 

Sexual (males) Papaverine, yohimbine, 
phentolamine, sildenafil, 
prostaglandin E1 

Mechanical prostheses, electro
ejaculation 

Sexual (females) Artificial lubrication 
Paroxysmal Carbamazepine, other anti-

convulsants, misoprostol 
Pain Anti-convulsants, anti-depressants, 

non-steroidal drugs 
Nerve section, alcohol 
injection, sympathetic block, 
cutaneous nerve stimulation, 
TENS 

2.8 Disease-modifying therapies for the management of MS 
The class of drugs known as “disease-modifying therapies”, namely the interferon betas (Rebif® -


Serono, Betaseron® - Schering Healthcare Ltd., Avonex® - Biogen) and glatiramer acetate 
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(Copaxone® - TEVA/Aventis) entered the market during the 1990s. These therapies are thought to 

slow the progression of the disease, and reduce the number and severity of relapses experienced. 

The indications of these therapies which have been approved by the US Food and Drugs 

Administration (FDA) are shown in Table 3. More recently, Mitoxantrone (Novantrone® -

Serono), an additional disease–modifying therapy has also become available for the management 

of MS. However, reimbursement for Novantrone was not covered under the MRDD by the CMS 

and is thus not considered within this review. 

Table 3  Disease-modifying therapies for the management of MS 

Product name Drug Manufacturer Dosage Label indications 
Avonex IFNβ-1a Biogen 6MIU once a week RRMS 
Betaseron IFNβ-1b Schering 8MIU every other 

day 
RRMS and SPMS 

Rebif IFNβ-1a Serono 22μg or 44μg three 
times a week 

RRMS 

Copaxone GA TEVA/Aventis 20mg daily RRMS 
Novantrone Mitoxantrone Serono Usually 12mg/m2 

once every 3 
months (8-12 doses) 

RRMS, SPMS and 
PRMS 

Details of indications of these disease-modifying therapies are given below. 

2.8.1 Avonex (IFNβ-1a, Biogen)10 

Avonex has been approved by the FDA for the treatment of patients with relapsing forms of MS to 

slow the accumulation of physical disability and decrease the frequency of clinical exacerbations. 

Patients with MS in whom efficacy has been demonstrated include those who have experienced a 

first clinical episode and have MRI features consistent with MS. Avonex is given as a 6MIU once-

a-week intramuscular (IM) injection, usually in the large muscles of the thigh, upper arm, or hip. 

Avonex can also be administered subcutaneously, although this indication has not been approved 

by the FDA. 

2.8.2 Betaseron (IFNβ-1b, Schering)10 

Betaseron has been approved by the FDA for the treatment of relapsing forms of MS to reduce the 

frequency of clinical exacerbations. Relapsing forms of MS include individuals with SPMS who 

continue to experience relapses or acute attacks. Betaseron is injected subcutaneously (between 

the fat layer just under the skin and the muscles beneath) every other day at a dose of 8MIU. 
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2.8.3 Rebif (IFNβ-1a, Serono)10 

Rebif has been approved for the treatment of patients with relapsing forms of MS to decrease the 

frequency of clinical exacerbations and delay the accumulation of physical disability. Low-dose 

(22μg) or high-dose (44μg) Rebif is given three times a week subcutaneously (between the fat 

layer just under the skin and the muscles beneath).  

2.8.4 Copaxone (glatiramer acetate, TEVA)10 

GA has been approved by the FDA to reduce the frequency of relapses in patients with RRMS. A 

dose of 20mg GA is injected subcutaneously (between the fat layer just under the skin and the 

muscles beneath) once a day. 

2.8.5 Novantrone (Mitoxantrone, Serono)10 

Novantrone has been approved by the FDA for reducing neurologic disability and/or the 

frequency of clinical relapses in: 

1. Patients with SPMS (disease that has changed from RRMS to progressive MS at a variable 

rate); 

2. Patients with PRMS (disease characterized by gradual increase in disability from onset with 

clear, with acute relapses along the way); 

3. Worsening RRMS (disease characterized by clinical attacks without complete remission, 

resulting in a step-wise worsening of disability). 

2.9 Provision of disease-modifying therapies under Medicare 
Prior to 2002, Medicare coverage for IFNβs to treat MS was sporadic, varying by carrier 

depending on their interpretation of whether a drug was usually self- or physician administered. 

The manufacturers of the disease-modifying therapies have implemented programmes designed to 

help individuals apply for these therapies, in some cases, where patients are uninsured or under-

insured. In 2002, CMS clarified the definition of self-administered drugs, allowing for coverage of 

IFNβ-1a for treatment of MS if administered intra-muscularly by a physician. Subcutaneous 

injection of IFNβ-1a administered by the patient was not covered. The MRDD expanded coverage 

to all self-administered treatments nationwide. 
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3.0 Methods for the review of clinical 

effectiveness 
3.1 Search strategy 
Systematic searches were undertaken to identify all studies relating to IFNβ and GA in the 

management of RRMS and SPMS. Search terms included generic and commercial drug names 

(for example, interferon beta, Betaseron/Betaferon, beta interferon, Avonex, glatiramer acetate, 

Copaxone, copolymer-1, Rebif, interferon beta-1a, interferon beta-1b). The systematic searches 

were undertaken using the following electronic databases: MEDLINE, EMBASE, the Cochrane 

Database of Systematic Reviews (CDSR), the Cochrane Controlled Trials Register (CCTR), the 

Science Citation Index and the NHS Centre for Reviews and Dissemination databases (DARE, 

NHS EED, HTA). PRE-MEDLINE was also searched in order to identify any studies not yet 

indexed on Medline. Current research was searched via The National Research Register (NRR), 

the Community of Science (COS) Funded Research database, the Current Controlled Trials 

Register and the MRC Clinical Trials Register. Any relevant systematic reviews were hand-

searched in order to identify any further clinical trials. Searches were not restricted by language, 

date or publication type. 

3.2 Inclusion criteria 
3.2.1 Patients 
The relevant patient population for inclusion within the review of clinical effectiveness was: 

• adults with RRMS, eligible for treatment with IFNβ or GA; or 

• adults with SPMS, eligible for treatment with IFNβ. 

3.2.2 Interventions  
Five interventions were included in the review: 

• GA 20mg (Copaxone/Copolymer-1), daily subcutaneous injection;   

• IFNβ-1a 22μg (Rebif), subcutaneous injection 3 times a week;  

• IFNβ-1a 44μg (Rebif), subcutaneous injection 3 times a week;  

• IFNβ-1a 6MIU (Avonex), intramuscular injection once per week;  

• IFNβ-1b 8MIU (Betaseron), subcutaneous injection every other day.  

3.2.3 Comparators  
The relevant comparator for the assessment was placebo, or another disease-modifying therapy in 

instances where head-to-head trials were available. The following co-interventions were defined 

for inclusion within the review: best supportive care, including symptom control, physiotherapy, 
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psychiatric and social support, disability aids, concomitant medications (specifically excluding 

other immunomodulatory therapies) for relapses or treatment-related adverse events. 

3.2.4 Outcome measures 
The following outcome measures were included in the review of clinical effectiveness: 

• EDSS disease progression rates; 

• Relapse rates; 

• Health-related quality of life (HRQoL); 

• Adverse events/treatment-related toxicities; 

• Study withdrawals and dropouts. 

3.2.5 Methodology 
There remains controversy concerning the role of observational studies to produce unbiased 

estimates of treatment effectiveness. Traditionally, randomized controlled trials (RCT) are 

considered to represent the “gold standard” in study design, as the experimental method of 

randomly assigning study participants between groups results in comparable groups which are 

balanced in terms of known, unknown and unmeasured confounding variables.11 Observational 

studies, for the most part, are considered to be under greater threat of internal bias and 

confounding. While some empirical evidence in other disease areas suggests that observational 

data may produce highly similar estimates of effectiveness to those obtained from experimental 

RCT designs, other comparative studies have demonstrated that observational data may be 

distorted in either direction. Consequently, it may be impossible to predict whether the results of 

observational studies have been biased by uncontrolled or unbalanced factors.11 

It is noteworthy that long-term observational studies are available for some of the disease-

modifying therapies used to manage MS. For example, 10-year outcomes for MS patients 

receiving glatiramer acetate have recently been published.12 However, such observational data are 

non-randomized, uncontrolled, and are likely to be subject to a considerably greater degree of bias 

than properly designed RCTs. Therefore, this review included only RCTs, which could be either 

placebo-controlled or head-to-head trials. Non-randomized studies would have been included in 

the review if randomized studies were not available. Systematic reviews were also identified from 

the searches; while these studies were not included in the review of clinical effectiveness, these 

were retained for discussion. 

3.3 Exclusion criteria 
Studies were excluded if off-label doses or administrations of IFNβ or GA were employed. 

Studies of other medications for MS not listed as included interventions were excluded (See 
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Section 3.2.2). Clinical trials which did not report EDSS progression data were also excluded from 

the review. 

3.4 Data extraction strategy 
Data were extracted by one researcher, and checked by a second, using a standardized data 

extraction form. Any disagreements were resolved by discussion. 

3.5 Quality assessment strategy 
As noted in Section 3.3, only RCTs were included within the review of clinical effectiveness. On 

account of the availability of RCT evidence, non-randomized studies were excluded from the 

review. The methodological quality of RCTs were assessed through the evaluation of four 

recognized components of trial quality; generation of randomization schedule, concealment of 

treatment assignment, blinding and exclusion of patient data from analyses.13 A narrative account 

of trial quality was produced. 

3.6 Clinical review methods 
3.6.1 Analysis and synthesis of clinical effectiveness evidence 
Pre-specified outcomes were tabulated and discussed within a descriptive synthesis. Evidence on 

the comparative efficacy of three of the interventions included in the review (plus placebo) was 

synthesized using mixed treatment comparisons models. 

3.6.2 Methods for estimating relative hazards of disease progression 
The health economic model described in Chapter 5 simulates the natural history of a cohort of 

individuals with RRMS and SPMS. The effect of treatment on natural history disease progression 

was modeled as a relative hazard ratio for patients receiving each disease-modifying therapy 

compared to placebo (or for head-to-head trials, compared to some other disease-modifying 

therapy). Under best supportive care, the relative hazard ratio will be 1.0, whereas a lower hazard 

ratio was estimated for each of the treatments to represent the observed effects of slowing disease 

progression whilst on therapy. The magnitude of this relative hazard ratio for disease progression 

differs between each of the disease-modifying therapies. For the most part, relative hazard ratios 

for the disease-modifying therapies compared to placebo were not directly reported within the trial 

publications. In such instances, relative hazard ratios for disease progression were estimated using 

Kaplan Meier progression-free survival curves or using relevant narrative data reported in the text 

of the trial publications. 

The methods for estimating relative hazard ratios for disease progression between treatment 

groups were based upon the assumption that EDSS progression-free survival follows an 
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exponential distribution. The transformation of the exponential survivor function S(t) to derive 

relative hazard rates is shown below. This approach is analogous to using exponential regression 

analysis to estimate the relative hazard ratio based on Kaplan-Meier progression-free survival 

curves reported within the clinical trials.  

Assumed distribution of progression free survival for disease-modifying therapy: 

S (t) = e -a1t 

� ln S(t) = -a1t 

� a1 = - 1 
t ln S 

1
(t ) 

Assumed distribution of progression free survival for placebo: 

� ln S(t) = -a 2t 

� a 2 = - 1 
t ln S 

1
(t ) 

Where S(t) is the progression-free survivor function over time t, and α is the relative hazard rate of 

disease progression. Thus the relative hazard ratio for disease progression for disease-modifying 

therapy compared to placebo is calculated as: a1 

a 2 

For illustration, a worked example of these calculations is presented in Appendix 2. It should be 

noted that the health economic model assumes that the relative hazard ratios for disease 

progression estimated from the placebo-controlled trials are maintained for the entire model time 

horizon (the remaining lifetime of the patient). In other words, the relative hazard ratio is assumed 

to neither increase nor deteriorate over time. However, the study durations employed within the 

randomized phase of the clinical trials of IFNβ and GA ranged from 9 months14 to 5 years.15 The 

true impact of these therapies on disease progression and relapse over the course of the disease is 

subject to considerable uncertainty. This assumption favors all of the disease-modifying therapies 

over best supportive care, yet as the model time horizon increases, the validity of the exponential 

extrapolation becomes subject to an increasing degree of uncertainty. 

3.6.3 Methods for estimating relative relapse rates 
The health economic model simulates the annual number of relapses experienced within each 

EDSS state for patients receiving best supportive care. The relative relapse rates for each of the 

disease-modifying therapies compared to placebo were calculated using annualized relapse rates 

for each treatment group reported within the clinical trials included in the clinical effectiveness 

review. It should be noted that the annual relapse rate is not the same as a relative risk of relapse. 

Relative risks relate to a binary outcome (either [a] study subject experiences an event one or more 
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times or [b] study subject does not experience the event at all), while a relative rate incorporates 

information concerning the number of events experienced. This distinction is important, as 

patients may experience more than one relapse within a year. Annual relative relapse rates 

between treatment groups were estimated using the following formula. 

annual number of relapses on disease - modifyingtherapy
Relative relapse rate = 

annual number of relapses on placebo 

3.6.4 Methods for synthesizing evidence on hazard rates for disease 

progression 
An exponential time-to-event model was fitted to progression data reported within the trials 

included in the clinical effectiveness review. With this model, the probability p that any given 

patient will progress within a follow-up period t is given by the following formula: 

p = 1- e -at 

where 1/α is the mean time to progression.  

Each of the disease-modifying therapies has a different impact upon α. None of the trials have 

included arms for each treatment to enable a direct assessment of this impact. Instead, available 

progression rate data were synthesized using a mixed treatment model using WinBUGS software 

(Medical Research Council and Imperial College, London, 2003). This software allows for the 

practical application of Markov Chain Monte Carlo (MCMC, See “Key Definitions”) sampling 

methods. The WinBUGS progression model included random effects term which allows for 

between-trial heterogeneities. An explanation of the WinBUGS progression model is given below. 

Let d[j] be the impact of treatment j on log(α) relative to placebo. Also, let m[i] be the value of 

log(α) for patients from study i if given placebo. Then the value of α (the hazard rate for an 

individual treatment arm) for study i, arm k, is given by: 

log(αik) = m[i] + d[jik] 

where jik is the index for the treatment given in arm k of study i. 

The WinBUGS progression model syntax and data inputs are contained in Appendix 3. 

3.6.5 Methods for synthesising evidence on relapse rates 
Evidence on relapse rates observed within the placebo-controlled trials and head-to-head trials 

were also synthesized within a separate mixed treatment comparison using WinBUGS software. 
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The mixed treatment comparison assumes that the number of relapses for patients within one arm 

of each trial is independently Poisson distributed. Under this assumption, it follows that the 

observed mean number of relapses in a trial arm estimates the expected mean number of relapses, 

and the observed mean number of relapses divided by the sample size in an arm estimates the 

variance of the mean number of relapses. Suppose we wish to estimate the relative relapse rate for 

IFNβ-1a 6MIU versus placebo from a trial. The log mean relapse rate is a more suitable scale to 

work on, as this will be approximately normally distributed. The observed log mean relapse rate in 

each arm will be normally distributed with means qa and q p 
and variances estimated by the 

inverse of the product of the sample sizes and the mean relapse rates themselves, call these wa

and wp . As the two trial arms are independent, the difference in log mean relapse rate (the log of 

the relative relapse rate), will be normally distributed with the mean qap = qa - q p 
and variance 

estimated by w + w . 
a p 

A similar exercise was repeated for each of the trials included in the review, and the five observed 

comparisons are given five normal distributions, the mean of each being the population log 

relative relapse rate for the comparison made within the trial. We are interested in estimating 

qap ,qbp and q rp . Two of the comparisons (IFNβ-1b 8MIU versus IFNβ-1a 6MIU, and IFNβ-1a 

44μg versus IFNβ-1a 6MIU) give estimates of qba and qra . These can be used to provide estimates 

of the comparisons we are interested in, as qba =qbp -qap 
and qra = qrp -qap 

. MCMC methods16 were 

used to obtain estimates of the parameters exp( qap ),exp( qbp )and exp( qrp ) , the population relative 

relapse rates. The methods used to perform this data synthesis are described in further detail by Lu 

and Ades.17 The WinBUGs relapse model was a fixed effect indirect comparison meta-analysis 

and did not allow for between-trial heterogeneities due to the limited data reported in the trial 

publications.  

The WinBUGS relapse model syntax and data are detailed in Appendix 3. 
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4.0 Clinical effectiveness results 
4.1 Number of studies identified 
The electronic searches identified a total of 1,493 publications. The titles and abstracts of all 

publications were reviewed, which led to the exclusion of 1,383 publications. Publications were 

excluded from the review for the following reasons:  

• study designs which did not meet the inclusion criteria set out in Section 3.2.5 (n=948);  

• duplicate references (n=265);  

• non-English language publications (n=154);  

• irrelevant intervention (n=8);  

• irrelevant patient group (n=8).  

One hundred and ten publications were retrieved for further detailed evaluation. These comprised 

47 publications of 9 included trials; 56 publications of 32 excluded studies; and 7 publications of 

systematic reviews. A summary of the publications included and excluded from the review is 

detailed in the Quality of Reporting of Meta-Analyses (QUOROM)18 flowchart shown in Figure 1. 

A list of study inclusions and justifications for study exclusions are provided in Appendix 4. 

Figure 1  QUOROM diagram 

Publications 

identified from 

search: 1,493 


Excluded from 
title and 
abstract: 1,383 

Full publications 
screened: 110 

Excluded publications: 
56 (of 32 studies) 

Publications meeting 
inclusion criteria: 54 
(comprising 47 
publications of 9 included 
trials and 7 publications 
of 6 systematic reviews) 
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4.2 Number and type of studies included in the review of 

clinical effectiveness 
4.2.1 Number and type of studies included in the review 
Seven placebo-controlled RCTs were included in the clinical effectiveness review.14;15;19-26 Five of 

these were RCTs in patients with RRMS,14;15;19-23 while the remaining two trials evaluated the 

effect of disease-modifying therapies in patients with SPMS.24-26 Two head-to-head trials which 

compared IFNβ-1b 8MIU27 and IFNβ-1a 44μg28 with IFNβ-1a 6MIU were also included in the 

review. Several publications were available for each trial. A summary of the studies included in 

the review is shown in Table 4. 

Two of the studies evaluated GA 20mg; these were the European-Canadian trial for 9 months,14 

the Copolymer-1 Multiple Sclerosis Study Group (C1MSSG) trial for 24 months19 (and up to 35 

months for those patients who opted into the extension phase20). The PRISMS trial compared two 

doses (22μg and 44μg) of subcutaneous IFNΒ-1a over a follow-up period of 24 months.23 The 

Multiple Sclerosis Collaborative Research Group (MSCRG) trial studied intra-muscular IFNβ-1a 

6MIU (Avonex) over a duration of up to 24 months.21 The Interferon Beta Multiple Sclerosis 

Study Group (IFNBMSSG) trial of IFNβ-1b 8MIU in RRMS15 followed patients up for a period of 

up to 5 years. The European Study Group24;25 and the North American Secondary Progressive 

Multiple Sclerosis trial (NASPMS)26 studied IFNβ-1b 8MIU in patients with SPMS, both for up to 

36 months. Two trials included an additional intervention group in which patients were 

randomized to receive off-label doses of IFNβ-1b;15;26 the results for these intervention arms are 

not included in this review.  

With the exception of intra-muscular IFNβ-1a 6MIU, which was administered by a health 

professional, injections were usually self-administered by the patient. Patients assigned to placebo 

received the same volume and frequency of injections but did not receive active medication. One 

trial26 used two intervention groups, only one of which was relevant to this review; accordingly 

this trial also used two placebo conditions (50% randomized to a fixed 1.0mL of placebo solution, 

other half received a fraction of 1.0mL based on body surface area). However, results for the 

placebo groups were reported as an aggregate and are detailed here as such. The majority of trials 

specified that concomitant medication for treatment of relapses, usually steroids, and medication 

for influenza-like symptoms, were allowed throughout the trials. One trial specified that more than 

3 courses of medication for relapses during 1 year would lead to withdrawal from the trial; this is 

likely to have resulted in bias, although the direction and magnitude of this is not clear.15 
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Table 4  Design and characteristics of included studies 

Trial Study design Intervention 1 Intervention 2 Type of 
MS 

Number 
randomized 

Setting Primary outcome 

European-
Canadian 
(2001)14 

Randomized 
placebo- 
controlled trial, 
double-blind 

GA 20mg 
(Copaxone) 

Placebo RRMS 239 
(GA 119 
placebo 120) 

Europe, 
Canada 
(29 centers) 

MRI measures 
(relapse rate 
included as a 
tertiary outcome) 

C1MSSG 
(1995, 
1998)19;20 

Randomized 
placebo- 
controlled trial, 
double-blind 

GA 20mg 
(Copaxone) 

Placebo RRMS 251 
(GA 125 
placebo 126) 

USA 
(11 centers) 

Mean number of 
relapses 

PRISMS 
(1998)23 

Randomized 
placebo- 
controlled trial, 
double-blind 

IFNβ-1a 22μg 
(Rebif) 

IFNβ-1a 44μg 
(Rebif) 

RRMS 560 
(22μg 189 
44μg 184 
placebo 187) 

Europe, 
Canada, 
Australia 
(22 centers) 

Relapse rate 

MSCRG 
(1996)21 

Randomized 
placebo- 
controlled trial, 
double-blind 

IFNβ-1a 6MIU 
(Avonex) 

Placebo RRMS 301 
(IFNβ-1a 158 
placebo 143) 

USA 
(4 centers) 

Time to 
sustained disease 
progression 

IFNBMSSG 
(1993, 
1995)15;22 

Randomized 
placebo- 
controlled trial, 
double-blind 

IFNβ-1b 8MIU 
(Betaseron) 

Off-label dose 
IFNβ-1b 
1.6MIU 
Placebo 

RRMS 372 
(IFNβ-1b 124 
placebo 123 
off-label dose 
125) 

USA, 
Canada 
(11 centers) 

Relapse rate, and 
proportion of 
patients relapse-
free 

European 
Study Group 
(1998, 
2001)24;25 

Randomized 
placebo- 
controlled trial, 
double-blind 

IFNβ-1b 8MIU 
(Betaseron) 

Placebo SPMS 718 
(IFNβ-1b 360 
placebo 358) 

Europe 
(32 centers) 

Time to 
sustained disease 
progression 

NASPMS 
(1999)26 

Randomized 
placebo- 
controlled trial, 
double-blind 

IFNβ-1b 8MIU 
(Betaseron) 

Off-label dose 
IFNβ-1b 5MIU 
per m squared, 
body surface 
area 
Placebo 

SPMS 939 
(IFNβ-1b 317 
placebo 308 
off-label dose 
314) 

USA, 
Canada 
(35 centers) 

Time to 
sustained disease 
progression 

INCOMIN 
(2002)27 

Randomized 
head-to-head 
trial, unblinded, 
no placebo 

IFNβ-1b 8MIU 
(Betaseron) 

IFNβ-1a 6MIU 
(Avonex) 

RRMS 188 
(IFNβ-1b 96 
IFNβ-1a 92) 

Italy 
(15 centers) 

Proportion of 
patients relapse-
free (and MRI 
measures) 

EVIDENCE 
(2002)28 

Randomized 
head-to-head 
trial, unblinded, 
no placebo 

IFNβ-1a 44μg 
(Rebif) 

IFNβ-1a 6MIU 
(Avonex) 

RRMS 677 
(44μg 339 
6MIU 338) 

Europe, 
Canada, 
USA 
(56 centers) 

Proportion of 
patients relapse-
free 

Table key 

C1MSSG Copolymer-1 Multiple Sclerosis Study Group 

PRISMS Prevention of Relapses and Disability by Interferon β1a Subcutaneously in Multiple Sclerosis 

MSCRG  Multiple Sclerosis Collaborative Research Group 
IFNBMSSG Interferon Beta Multiple Sclerosis Study Group 
NASPMS North American Secondary Progressive Multiple Sclerosis 
INCOMIN INdependent COMparison of INterferons 
EVIDENCE EVidence of Interferon Dose-response: European North American Comparative Efficacy 
IFNβ Interferon beta 
GA Glatiramer acetate 
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4.2.2 Number and type of studies excluded from the review 
Eight studies that were not RCTs were excluded from the review. In addition, two publications of 

ongoing trials were also excluded from the review as detailed outcome data were not available at 

the time of writing. Off-label indications within trials, or off-label doses or administration routes 

were excluded from the review (n=8), as were trials which included only one on-label intervention 

without a placebo comparator arm (n=2). Four trials that were published only as abstracts/letters 

were also excluded from the clinical effectiveness review. Two trials were also excluded as the 

patients enrolled in the study had not been diagnosed with clinically definite MS. Six trials that 

did not report EDSS data were also excluded. Details of the excluded studies, and justifications for 

their exclusion, are reported in Appendix 4. 

4.3 Assessment of trial quality 
The seven randomized placebo-controlled trials included in the review14;15;19-26 were considered 

separately from the two head-to-head trials with IFNβ-1a 6MIU27;28 due to their differing study 

designs. Specific issues surrounding randomization, blinding, comparability of baseline patient 

characteristics and statistical analysis methods for the included trials are detailed in Sections 4.3.1 

and 4.3.2 below. 

4.3.1 Quality of placebo-controlled trials 

4.3.1.1 Randomization 
The randomization strategy was adequate in six of the trials,14;20;21;23;24;26 and unclear in one trial.15 

Concealment of treatment assignment was adequate in five trials,14;21;23;24;26 and unclear in two 

trials.15;20 

4.3.1.2 Blinding 
In all seven placebo-controlled RCTs, patients, providers and outcome assessors were blinded to 

treatment group.14;15;20;21;23;24;26 However, blinding may have been compromised by adverse events 

in intervention groups; these were mainly injection-site reactions. In all seven trials, examining 

neurologists/physicians were separate from treating physicians. In some cases, outcome assessors 

were instructed not to discuss symptoms,14;20;21;24;26 and some trials explicitly stated that injection 

sites should be covered up during assessment.23;24;26 Questionnaires were conducted to assess 

blinding.15;21;24;26 The Phase III placebo-controlled trial of IFNβ-1a 6MIU in the treatment of 

RRMS reported that 99% of outcome assessors did not know treatment assignment, 32.2% 

patients guessed correctly, and fewer treating physicians than patients guessed correctly.21 The 

placebo-controlled trial of IFNβ-1b 8MIU in the treatment of RRMS reported that 80% of patients 

in the intervention group and 30% of patients in the placebo group guessed their treatment 

assignment correctly at the end of the study.15 In the European SPMS trial, 65.6% of IFNβ-1b 

8MIU patients guessed correctly and 54.3% of placebo patients guessed correctly; 56.2% and 
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48.4% of treating physicians guessed correctly for IFNβ-1b 8MIU and placebo respectively, 

whereas outcome assessors guessed correctly for 20.8% of the IFNβ-1b 8MIU group and 18.6% of 

the placebo group.24 At the end of the North American SPMS trial, 26% of patients, 45% of 

treating physicians and 85% of evaluating physicians guessed “don’t know” when asked about 

their treatment assignment.26 

4.3.1.3 Baseline comparability of treatment groups 
Where reported, the trials demonstrated similarities in terms of baseline EDSS, disease duration, 

patient age, relapse rate, gender and ethnicity between intervention and placebo 

groups.14;15;20;21;23;24;26 

4.3.1.4 Analytical approach within clinical trials 
All seven trials had planned intention-to-treat analyses (ITT), although these were not conducted 

in all cases. ITT analyses were undertaken for some outcomes for some trials.14;23;24;26 For one 

trial, EDSS data were restricted to patients with sufficient time points of data, and other analyses 

were restricted by patients who accrued 104 weeks follow-up (approximately half those 

randomized).21 Analysis using data until drop-out was employed in one trial.15 In some cases, 

missing data were imputed using Last Observation Carried Forward (LOCF),14;20 or different 

analyses were conducted for EDSS, using calculations with lost to follow up as all progressed or 

all not progressed.24 These imputation methods are unlikely to yield unbiased estimates of 

treatment effects. 

4.3.2 Quality of head-to-head trials 

4.3.2.1 Randomization 
The generation of randomization sequences was adequate for both head-to-head trials included in 

the review.27;28 For both trials, treatment assignment was conducted centrally but study personnel 

and patients were unblinded.27;28 

4.3.2.2 Blinding 
Patients and providers were not blinded due to different administration routes and frequency of 

medication. One study attempted to blind evaluating physicians by instructing them not to discuss 

symptoms and by covering injection sites; a questionnaire found that 52% of outcome assessors 

guessed treatment assignment correctly.28 

4.3.2.3 Baseline comparability of treatment groups 
Within the trials there were reported similarities in baseline EDSS, disease duration, relapse rate 

during the previous two years and patient age between intervention and placebo groups.27;28 
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4.3.2.4 Analytical approach within clinical trials 
The analysis of both head-to-head trials27;28 was undertaken according to the ITT principle. For 

one trial, missing data were handled by retaining data until the point of being lost to follow-up, 

then an unfavorable outcome was assumed.27 For the other trial, missing data concerning relapses 

were imputed using random number allocation based on the combined groups’ proportion of 

patients not experiencing a relapse during the follow-up periods.28 

4.3.3 Study withdrawals 
4.3.3.1 Study withdrawals in placebo-controlled trials 
Study withdrawals may impact on trial results due to missing data; this may indicate problems 

with compliance due to medication or adverse events. Table 5 details the number of patients who 

withdrew from the placebo-controlled trials, and the number of patients who were lost to follow-

up. Most trials reported a fairly low number of patients who dropped out due to adverse events. 

Two hundred and fifteen patients completed 24 months on study within the Phase III trial of GA 

20mg. Two hundred and three of these patients entered the 11 month extension study.20 The Phase 

III trial of IFNβ-1a 6MIU was ended prematurely; 73 patients in the intervention group and 56 

patients in the placebo group did not complete 24 months of treatment.21 The North American 

IFNβ-1b 8MIU trial was also terminated prematurely, although most of the intended data 

collection had been completed.26 The Phase III trial of IFNβ-1b 8MIU in RRMS commenced its 

fifth year with 58 patients in the intervention group and 56 in the placebo group, although only 5 

patients were reported to have completed five years of treatment.15 

Table 5  Study withdrawals for placebo-controlled trials, RRMS and SPMS  
Trial Number of 

patients 
randomized 

Study 
duration 
(years) 

Treatment 
group 

Number of 
withdrawals 
(including lost 
to follow-up) 

Number lost 
to follow-up 

Number of 
withdrawals 
due to adverse 
events 

Comi et al  
(2001)14 

239 0.75 GA 20mg 7 0 3 
Placebo 7 1 2 

C1MSSG 
(1995, 1998)19;20 

251 2 GA 20mg 19 NR 5 
Placebo 17 NR 1 

PRISMS 
(1998)23 

560 2 IFNβ-1a 22μg 22 12 6 
IFNβ-1a 44μg 19 5 9 
Placebo 17 10 2 

MSCRG 
(1996)21 

301 2 IFNβ-1a 6MIU 14 5 (unclear 
which group) 

7 
Placebo 9 2 

IFNBMSSG 
(1993, 1995)15;22 

372 3 IFNβ-1b 8MIU 25 2 10 
Placebo 23 2 1 

European Study 
Group 
(1998, 2001)24;25 

718 3 IFNβ-1b 8MIU 103 40 47 
Placebo 117 48 15 

NASPMS 
(1999)26 

939 3 IFNβ-1b 8MIU 79 22 30 
Placebo 69 11 32 

Table key 
NR=not reported 
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4.3.3.2 Study withdrawals for head-to-head trials 
Table 6 shows the number of patients who withdrew due to adverse events or were lost to follow-

up within the two head-to-head trials.27;28 

Table 6  Study withdrawals for head-to-head trials, RRMS 

Trial Number of 
patients 
randomized 

Study 
duration 
(years) 

Treatment 
group 

Number of 
withdrawals 
(including lost 
to follow-up) 

Number 
lost to 
follow-up 

Number of 
withdrawals 
due to adverse 
events 

INCOMIN 
(2002)27 

188 2 IFNβ-1b 8MIU 11 2 5 
IFNβ-1a 6MIU 19 4 1 

EVIDENCE 
(2002)28 

677 0.92 IFNβ-1a 44μg 25 0 16 
IFNβ-1a 6MIU 21 1 14 

4.4 Inclusion/exclusion criteria employed in trials 
All trials included only patients with clinically definite MS. For trials in patients with RRMS, 

inclusion criteria specified that disease must have been diagnosed for a period of at least 1 

year,14;15;21;23 or that the onset of the first relapse was at least 1 year prior to randomization.20 

Trials differentially specified at least one relapse in 2 years prior to randomization,14 at least two 

relapses in 2 years prior to randomization,15;20;23;27;28 or at least 2 documented relapses in the 

previous 3 years.21 Trials additionally specified that patients must be relapse-free 30 days prior to 

study entry,14;15;20;27 or relapse-free 2 months prior to study entry,21 with an EDSS score of 0

5,14;20;23 0-5.5,15;28 or 1-3.5.21;27 

For trials in patients with SPMS, inclusion criteria were diagnosis of SPMS with deterioration for 

at least 6 months, following on from RRMS, with baseline EDSS of 3.0-6.5,24;26 and no relapses 

within either 30 days24 or 60 days26 of study entry. Trials included adult patients, generally aged 

18 to 50 or 55, but with an upper age limit of 45 years in one trial,19 and 65 years in another trial.26 

4.5 Baseline characteristics of patients enrolled in included 

studies 
Although treatment groups within trials had similar baseline characteristics, there were differences 

between trials in terms of baseline disease state and population demographics (See Table 7). 
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Table 7  Disease status and study population demographics at baseline 
Trial Treatment 

group 
Mean EDSS 
at baseline 
(SD) 

Mean relapse rate, 2 
years prior to study 
(SD) 

Mean disease 
duration in 
years (SD) 

Mean age (SD) 

European-Canadian 
(2001)14 

GA 20mg 2.3 (1.2) 2.8 (1.8) 7.9 (5.5) 34.1 (7.4) 
Placebo 2.4 (1.2) 2.5 (1.4) 8.3 (5.5) 34.0 (7.5) 

C1MSSG 
(1995, 1998) 19;20 

GA 20mg 2.8 (1.2) 2.9 (1.3) 7.3 (4.9) 34.6 (6.0) 
Placebo 2.4 (1.3) 2.9 (1.1) 6.6 (5.1) 34.3 (6.5) 

PRISMS 
(1998)23 

IFNβ-1a 22μg 2.5 (1.2) 3.0 (1.1) Median 5.4 
(IQR=3.0-11.2) 

Median 34.8 
(IQR=29.3-39.8) 

IFNβ-1a 44μg 2.5 (1.3) 3.0 (1.1) Median 6.4 
(IQR=2.9-10.3) 

Median 35.6 
(IQR=28.4-41.0) 

Placebo 2.4 (1.2) 3.0 (1.3) Median 4.3 
(IQR=2.4-8.4) 

Median 34.6 
(IQR=28.8-40.4) 

MSCRG 
(1996)21 

IFNβ-1a 6MIU 2.4 
(SEM=0.06) 

Pre-study annual rate 
1.2 (SEM=0.05) 

6.6 (SEM=0.46) 36.7 (SEM=0.57) 

Placebo 2.3 
(SEM=0.07) 

Pre-study annual rate 
1.2 (SEM=0.05) 

6.4 (SEM=0.49) 36.9 (SEM=0.64) 

IFNBMSSG 
(1993, 1995)15;22 

IFNβ-1b 8MIU 3.0 
(SEM=0.1) 

3.4 (SEM=0.2) 4.7 (SEM=0.4) 35.2 (0.6) 

Placebo 2.8 
(SEM=0.1) 

3.6 (SEM=0.1) 3.9 (SEM=0.3) 36.0 (SEM=0.6) 

European Study 
Group 
(1998, 2001)24;25 

IFNβ-1b 8MIU 5.1 (1.1) NR RRMS 8.1 
(5.6); SPMS 
2.2 (2.4) 

41.1 (7.2) 

Placebo 5.2 (1.1) NR RRMS 8.2 
(6.1); 
SPMS 2.1 (2.2) 

40.9 (7.2) 

NASPMS 
(1999)26 

IFNβ-1b 8MIU 5.2 (1.1) 0.8 (1.1) MS 14.6 (7.8); 
SPMS 4.0 (3.3) 

46.1 (8.0) 

Placebo 5.1 (1.1) 0.8 (1.2) MS 14.9 (8.3); 
SPMS 4.1 (3.5) 

47.6 (8.2) 

INCOMIN 
(2002)27 

IFNβ-1b MIU 1.97 (0.7) Annualized rate 1.52 
(0.67) 

5.9 (4.2) 38.8 (7.1) 

IFNβ-1a 6MIU 1.96 (0.7) Annualized rate 1.38 
(0.52) 

6.7 (5.4) 34.9 (7.9) 

EVIDENCE 
(2002)28 

IFNβ-1a 44μg 2.3 (NR) 2.6 (NR) 6.5 (NR) 38.3 (NR) 
IFNβ-1a 6MIU 2.3 (NR) 2.6 (NR) 6.7 (NR) 37.4 (NR) 

Table key 
NR=not reported 
SD=standard deviation 
SEM=standard error of mean 
IQR=inter quartile range 

4.6 Data synthesis 
Two pairs of placebo-controlled trials used the same intervention for the same disease course. The 

pair of trials employing GA 20mg for RRMS differed in length of follow-up (9 months14 or 24-35 

months20), patient inclusion criteria (1 relapse14 or 2 relapses20 in the two years prior to study 

entry) and mean disease duration prior to study entry. Therefore, patients in the European-

Canadian trial14 may have had less severe disease than those enrolled in the Phase III GA trial.20 

The intervention IFNβ-1b 8MIU was used within two SPMS trials which differed in terms of 

patient inclusion criteria (no relapses within 30 days24 or 60 days26 of study entry), patient 

secondary-progressive disease duration (1.3 years24 or 4 years26), age at study entry (for 

intervention groups 41.1 years24 or 46.1 years26), study definition of relapse (duration at least 24 

hours24 or 48 hours26) and sustained progression (confirmed increase in EDSS score at 3 months, 
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excluding relapses and unscheduled evaluations,24 or confirmed at 2 visits across 6 months26). The 

North American trial26 had older patients with fewer relapses than the European Study Group 

trial.24 Owing to this considerable heterogeneity between trial populations and outcome 

definitions, statistical meta-analysis to produce pooled estimates of efficacy for individual disease-

modifying therapies was considered to be inappropriate. 

4.7 Sustained disease progression outcomes 
4.7.1 Trial definitions of sustained disease progression 
Definitions of sustained disease progression differed between the included studies. Sustained 

progression was defined as an increase of at least 1.0 step on the EDSS,15;19;21-28 with some studies 

additionally stipulating a 0.5 step if baseline EDSS was 6 or above24-26 with confirmation that 

increased EDSS had been maintained for at least 3 months15;19;20;22-25;28 or 6 months.21;26;27 

4.7.2 Sustained progression outcomes, placebo-controlled trials in RRMS 
4.7.2.1 Sustained disease progression hazards, placebo-controlled trials in RRMS 
Table 8 presents the number of patients who experienced sustained disease progression within the 

placebo-controlled trials in RRMS which met the inclusion criteria for the review. Most of these 

study publications present analyses of time to sustained progression outcomes between treatment 

groups and placebo. However, none of the included studies in RRMS present the relative hazard 

ratio which relates to the difference between the empirical time to progression curves. Instead, 

estimates of the relative hazard ratios for disease progression between treatment groups have been 

estimated by the study authors using the methods described in Section 3.6.2. 
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Table 8  Number of patients with sustained EDSS progression, placebo-controlled trials in RRMS 
Study Study 

duration 
(years) 

Definition of 
sustained 
progression 

Treatment group N Number 
progressed 
(%) 

Number not 
progressed 
(%) 

Relative 
hazard (95% 
confidence 
interval) 

Significance 
(time to 
progression) 

Comi et al 
(2001)14 

0.75 NR GA 20mg 119 NR 
(NR) 

NR 
(NR) 

NR 
(NR) 

NR 

Placebo 120 NR 
(NR) 

NR 
(NR) 

Johnson et al 
(1995)19 

2 ≥1.0 EDSS 
steps for > 90 
days 

GA 20mg 125 NR 
(21.60%) 

NR 
(78.40%) 

0.86 
(NR)† 

p=NS 
(logistic 
regression) placebo 126 NR 

(24.60%) 
NR 
(75.40%) 

Johnson et al 
(1998)20 

2.92 ≥1.0 EDSS 
steps for ≥3 
months 

20mg GA 125 NR 
(23.20%) 

NR 
(76.80%) 

0.76 
(NR)† 

p=0.199 
(logistic 
regression) placebo 126 NR 

(29.40%) 
NR 
(70.60%) 

MSCRG 
(1996)21 

2 ≥1.0 EDSS 
point 
persisting for 
≥6 months 

IFNβ-1a 6MIU 158 NR 
(21.90%) 

NR 
(78.10%) 

0.58 
(NR)† 

p=0.02 
(log-rank) 

placebo 143 NR 
(34.90%) 

NR 
(65.10%) 

IFNBMSSG 
(1993)22 

3 1.0 increase 
confirmed at 
90 days 

IFNβ-1b 8MIU 124 25 
(20.16%) 

99 
(79.84%) 

0.70 
(NR)† 

p=0.161 
(log-rank) 

placebo 123 34 
(27.64%) 

89 
(72.36%) 

IFNBMSSG 
(1995)15 

5 ≥1.0 EDSS 
point 
confirmed at 
3 months 

IFNβ-1b 8MIU 122 43 
(35.25%) 

79 
(64.75%) 

0.71 
(NR)† 

p=0.096 
(log-rank) 

placebo 122 56 
(45.90%) 

66 
(54.10%) 

PRISMS 
(1998)23 

2 ≥1.0 EDSS 
point 
sustained for 
≥3 months 

IFNβ-1a 44μg 184 NR 
(25.77%) 

NR 
(74.23%)‡ 

0.60 
(NR)† 

p<0.05 
(Cox 
proportional 
hazards model) 

IFNβ-1a 22μg 189 NR 
(30.00%) 

NR 
(70.00%)‡ 

0.72 
(NR)† 

p<0.05 
(Cox 
proportional 
hazards model) 

Placebo 187 NR 
(38.92%) 

NR 
(61.08%)‡ 

Table key 
NR=not reported 
†Hazard ratios and confidence intervals were not reported in the trial publications and have been estimated by the study 
authors using methods described in Section 3.6.2. 
‡Estimated from empirical Kaplan Meier time-to-event curves 

Significant differences between intervention and placebo in terms of time to progression were 

reported for IFNβ-1a 6MIU (p=0.02),21 IFNβ-1a 44μg (p<0.05),23 and IFNβ-1a 22μg (p<0.05).23 

Non-significant improvements were reported for the proportion of patients without disease 

progression for patients receiving GA 20mg compared to placebo (p-value not reported).19 Non

significant improvements in time to sustained progression were reported for patients receiving 

IFNβ-1b 8MIU compared to placebo at 3 years (p=0.161)22 and at 5 years (p=0.096)15 using 

baseline to confirmed endpoint data. 

Based upon the 2-year planned phase of the RCT,19 the relative hazard ratio for progression for 

GA 20mg versus placebo was estimated by the study authors to be 0.86; when the 35-month 

extension results were also included,20 the relative hazard ratio for progression was estimated to be 

0.76. Based upon the data reported within the MSCRG trial,21 the relative hazard ratio for 

progression for IFNβ-1a 6MIU versus placebo was estimated to be 0.58. The analysis of 

progression data reported within the final analysis of the IFNBMSSG trial15 suggests that the 
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relative hazard ratio for progression for IFNβ-1b 8MIU versus placebo is 0.71. Based upon the 2

year results of the PRISMS trial,23 the relative hazard ratios for progression for IFNβ-1a 44μg and 

IFNβ-1a 22μg versus placebo were estimated to be 0.60 and 0.72 respectively. It should be noted 

that the standard of reporting within the RCTs of disease-modifying therapy for the treatment of 

patients with RRMS is poor; none of the study publications report hazard ratios describing 

differences in time-to-event outcomes between treatment groups. Consequently, relative hazard 

ratios were estimated by the study authors based upon the assumption that progression-free 

survival is exponentially distributed (See Section 3.6.2). Standard errors and/or confidence 

intervals surrounding these relative hazard ratios were not available from published data. 

4.7.2.2 Mean change in EDSS, placebo-controlled trials in RRMS 
Table 9 presents reported mean changes in EDSS score between baseline and study end for the 

placebo-controlled trials in RRMS included in the review. 

Table 9  Mean change in EDSS, placebo-controlled trials in RRMS 
Study Study duration 

(years) 
Treatment 
group 

Reported mean 
change in EDSS 
within study period 

95% 
confidence 
interval 

Significance 
(mean difference 
in EDSS change) 

Comi et al 
(2001)14 

0.75 GA 20mg 0.02 NR p=NS (statistical 
test unclear) Placebo 0.05 NR 

Johnson et al 
(1995)19 

2 GA 20mg -0.05 +/-1.13 (SE) p=0.023 
(RMA of 
covariance) 

placebo 0.21 +/-0.99 (SE) 

Johnson et al 
(1998)20 

2.92 20mg GA -0.11 -0.31 to +0.10 p=0.02 
(repeated 
measures of 
ANCOVA) 

placebo 0.34 +0.13 to +0.54 

MSCRG 
(1996)21 

2 IFNβ-1a 6MIU 0.25† 0.14 (SE) p=0.02 (Mann-
Whitney rank 
sum test) 

Placebo 0.74† 0.16 (SE) 

IFNBMSSG 
(1993)22 

3 IFNβ-1b 8MIU NR NR NR 
Placebo NR NR 

IFNBMSSG 
(1995)15 

5 IFNβ-1b 8MIU 0.11 (median 
annual EDSS 
change) 

NR NR 

Placebo 0 (median annual 
EDSS change) 

NR 

PRISMS 
(1998)23 

2 IFNβ-1a 44μg 0.24 1.1 (SD) p<0.05 (ANOVA) 
IFNβ-1a 22μg 0.23 1.3 (SD) 
Placebo 0.48 1.3 (SD) p<0.05 (ANOVA) 

Table key 
NR=not reported 
SE=Standard error 
SD=Standard deviation 
RMA=Repeated measures analysis 
†Results for IFNβ-1a 6MIU vs. placebo relate to within-person change in EDSS from baseline to week 104 for 
those patients who completed 104 weeks in study. 

A non-significant difference in mean EDSS change from baseline was reported for GA 20mg and 

placebo at 9-months.14 However, a statistically significant improvement was reported for patients 

receiving GA 20mg compared to placebo at 24-months (p=0.023)19 and 35-months (p=0.02).20 
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Significant differences in mean EDSS change from baseline to study end were reported in favor of 

IFNβ-1a 6MIU (p=0.02),21 IFNβ-1a 44μg,23 and IFNβ-1a 22μg,23 compared to placebo (p<0.05). 

4.7.2.3 Other EDSS-related outcomes, placebo-controlled trials of RRMS 
The Phase III trial of GA 20mg versus placebo reported that more GA patients improved by 1+ 

EDSS step and more patients in the placebo group worsened by 1+ EDSS step; this difference was 

statistically significant at 24-months (p=0.024)19 and 35-months (p=0.001).20 This trial also 

reported statistically significantly longer time to worsening by 1.5 EDSS steps in the GA 

treatment group than in placebo group.20 

The publication of the placebo-controlled trial of IFNβ-1a 6MIU versus placebo21 reported the 

probability of onset of sustained progression during year 1 and year 2 (study end). Of those 

patients who remained in the study for at least 104 weeks, 21.8% of patients receiving placebo and 

12.9% of patients receiving IFNβ-1a 6MIU became treatment failures during year 1. During year 

2, 14.7% of patients receiving placebo and 9.5% of patients receiving IFNβ-1a 6MIU became 

treatment failures.21 

Within the placebo-controlled trial of IFNβ-1b 8MIU,15 time to progression was also evaluated 

separately for patients with a baseline EDSS<3.0 and those with a baseline EDSS≥3.0. No 

significant differences were found between treatment groups either within the lower EDSS group 

(p=0.535) or the higher EDSS group (p=0.087).15 

The PRISMS study23 reported that for patients with a high baseline EDSS score (>3.5), time to 

sustained progression was significantly longer for patients receiving IFNβ-1a 44μg than for 

patients receiving placebo (p<0.05). 

4.7.3 Disease progression outcomes for placebo-controlled trials in SPMS 
4.7.3.1 Sustained disease progression hazards, placebo-controlled trials in SPMS 
Table 10 presents the number of patients who experienced sustained disease progression within 

the placebo-controlled trials in SPMS included in the review. As with the data reported for 

patients with RRMS, relative hazard ratios were not available from the study publications; instead 

these were estimated by the study authors based upon methods described in Section 3.6.2. 
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Table 10  Number of patients with sustained EDSS progression, placebo-controlled trials in SPMS 
Study Study 

duration 
(years) 

Definition of 
sustained 
progression 

Treatment 
group 

N Number 
progressed 
(%) 

Number not 
progressed 
(%) 

Relative 
hazard 
(95% 
confidence 
interval) 

Significance 
(time to 
progression) 

European 
Study 
Group 
(1998)24 

2 ≥1.0 EDSS if 
baseline 
EDSS<6.0. ≥0.5 
EDSS if baseline 
EDSS≥6.0. 
Confirmed at least 
70 days later 

IFNβ-1b 8MIU 360 NR 
(38.89%) 

NR 
(61.11%) 

0.72 
(NR)† 

p=0.0008 
(non
parametric 
analysis of 
covariance) 

Placebo 358 NR 
(49.72%) 

NR 
(50.28%) 

European 
Study 
Group 
(2001)25 

3 ≥1.0 EDSS if 
baseline 
EDSS<6.0. ≥0.5 
EDSS if baseline 
EDSS≥6.0. 
Confirmed at 3 
months 

IFNβ-1b 8MIU 360 163 
(45.28%) 

197 
(54.72%) 

0.78 
(NR)† 

p=0.030 
(Mantel-
Cox log-
rank test) 

Placebo 358 193 
(53.91%) 

165 
(46.09%) 

3 ≥1.0 EDSS if 
baseline 
EDSS<6.0. ≥0.5 
EDSS if baseline 
EDSS≥6.0. 
Confirmed at 6 
months 

IFNβ-1b 8MIU 360 147 
(40.83%) 

213 
(59.17%) 

0.79 
(NR)† 

p=0.049 
(Mantel-
Cox log-
rank test) 

Placebo 358 174 
(48.60%) 

184 
(51.40%) 

NASPMS 
(2001)26 

3 1 point increase if 
EDSS ≤ 6.0. 0.5 
point increase if 
EDSS>6. 
Confirmed at 2 
subsequent 
consecutive 12
week visits 

IFNβ-1b 8MIU 317 103 
(32.49%) 

214 
(67.51%) 

0.93 
(NR)† 

p=0.61 
(log-rank 
test) Placebo 308 106 

(34.42%) 
202 
(65.58%) 

Table key 
NR=not reported 
†Hazard ratios and confidence intervals were not reported in the trial publications and have been estimated by the study 
authors using methods described in Section 3.6.2. 

The European SPMS study reported a significant reduction in time to sustained disease 

progression for those patients receiving IFNβ-1b 8MIU compared to those patients receiving 

placebo at both 2 years (p=0.0008)24 and 3 years (p<0.05).25 Significant improvements in time to 

EDSS progression were also maintained both when patients who were lost to follow-up were 

assumed to have progressed, or not progressed.24 The three year study publication reported a 

significant reduction in time to sustained progression both when progression was confirmed at 3

months (p=0.030) or 6-months (p=0.049).25 However, the NASPMS trial reported a non

significant difference between patients with SPMS receiving IFNβ-1b 8MIU and placebo at 3 

years (p=0.61).26 

Based upon data from the 2-year results of the European SPMS trial,24 the relative hazard ratio for 

progression for IFNβ-1b 8MIU versus placebo was estimated to be 0.72. When the 3-year data25 

were included in the analysis, the relative hazard ratio for progression was estimated to be 0.78

0.79. When the analysis was undertaken using data from the NASPMS trial,26 the relative hazard 

ratio for progression for IFNβ-1b 8MIU versus placebo was estimated to be 0.93. As with the 

trials of RRMS, these hazard ratios were estimated by the study authors, and standard errors or 
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confidence intervals surrounding these hazard ratios were not available from published trial 

reports. 

4.7.3.2 Mean change in EDSS, placebo-controlled trials in SPMS 
Table 11 presents mean changes in EDSS score between baseline and study end for the placebo-

controlled trials in SPMS included in the review. 

Table 11  Mean change in EDSS, placebo-controlled trials in SPMS 
Study Study 

duration 
(years) 

Treatment 
group 

Reported mean 
change in EDSS 
within study period 

95% 
confidence 
interval 

Significance (mean 
difference in EDSS 
change) 

European 
Study 
Group 
(1998)24 

2 IFNβ-1b 8MIU 0.47 NR 0.0299 
(Extended Mantel-
Haenszel test) 

Placebo 0.60 NR 

European 
Study 
Group 
(2001)25 

3 IFNβ-1b 8MIU 0.47 NR 0.003 
(Extended Mantel-
Haenszel test) 

Placebo 0.69 NR 

NASPMS 
(1999)26 

3 IFNβ-1b 8MIU 0.53 NR p>0.05 
(ANOVA) Placebo 0.62 NR 

Table key 
NR=not reported 

Significant differences in mean change in EDSS from baseline to study end in favor of IFNβ-1b 

8MIU over placebo were reported at 2 years24 and 3 years25 within the European SPMS trial 

(p<0.03). These significant differences in mean EDSS change from baseline to study end were 

however not observed within the NASPMS trial (p>0.05).26 

4.7.3.3 Other EDSS-related outcomes, placebo-controlled trials in SPMS 
The European placebo-controlled trial of IFNβ-1b 8MIU24 reported that time to sustained 

progression was longer for those patients receiving IFNβ-1b 8MIU (days to event 40% quantile 

893, lower 95% confidence interval limit 726, upper limit not estimated) than for those receiving 

placebo (days to event 40% quantile 549, 95% confidence interval 463-642). A piecewise logistic 

regression analysis suggested an odds ratio for progression of 0.65 (95% confidence interval 0.52

0.83); this analysis did not suggest the existence of interactions between the treatment and other 

variables included in the statistical model, thus suggesting a homogeneous treatment effect over 

time.24 The authors also report probabilities of progressing by each 3-month time-point; this 

analysis suggested that the difference in progression between treatment and placebo became 

statistically significant after 12 months (p=0.0003) and was maintained for the remainder of the 

study duration. Logistic regression suggested that the odds of progression for treatment versus 

placebo was 0.63 (95% confidence interval 0.46-0.85). The study authors also reported a 

significant difference between the treatment groups in terms of time to becoming wheelchair-

bound in favor of IFNβ-1b 8MIU (p=0.0133). Significant differences were also observed in terms 
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of the probability of becoming wheelchair-bound in favor of the IFNβ-1b 8MIU group (year 1 

p=0.0129, year 2 p=0.0094, year 3 p=0.0133).24 

The final 3-year results of the European trial25 also reported significant differences in favor of 

IFNβ-1b 8MIU over placebo in terms of the proportion of patients with sustained progression for 

patients with >2 relapses 2 years prior to study entry (p=0.04); the proportion of patients with 

sustained progression for patients with a >1 point change in EDSS 2 years before entering the 

study (p=0.02); the proportion of patients with sustained progression for patients who experienced 

>1 point change in EDSS or relapse 2 years before entering the study (p=0.03); the proportion of 

patients with sustained progression for patients with a duration of MS greater than 11.9 years 

(p=0.01); the proportion of patients with evidence of progressive deterioration greater than 3 years 

(p=0.01); the proportion of patients older than 42 years of age (p=0.04); the proportion of patients 

who were female (p=0.03); time to becoming wheelchair-bound (year 1 p=0.014, year 2 p=0.010, 

year 3 p=0.005); and the proportion of patients becoming wheelchair-bound (p=0.007). Other non

significant differences in proportions of patients who experienced disease progression favored the 

IFNβ-1b 8MIU group rather than placebo. 

Within the NASPMS trial,26 further analyses were undertaken using 3-month rather than 6-month 

confirmation of sustained disease progression; this analysis did not lead to a significant difference 

in time to progression between the study groups. Other exploratory post-hoc endpoints included 

analyses of time to progression by center, the potential effect of pre-study exacerbations on 

apparent progression, potential effects of concomitant medications, time of study entry, US versus 

Canadian patients, as well as other prognostic factors. None of these analyses produced a 

significant difference in time to progression between the IFNβ-1b 8MIU and placebo groups.26 

4.7.4 Disease progression outcomes for head-to-head trials in RRMS 
4.7.4.1 Sustained disease progression hazards, head-to-head trials in RRMS 
Table 12 presents the number of patients reported to have experienced sustained disease 

progression within the included head-to-head trials in patients with RRMS. Hazard ratios for time 

to sustained progression were reported for the EVIDENCE trial28 but were not reported for the 

INCOMIN trial;27 the hazard ratio for the INCOMIN trial was estimated by the study authors 

using the methods reported in Section 3.6.2. 
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Table 12  Estimated relative hazard rates of progression for head-to-head trials in RRMS 
Study Study 

duration 
(years) 

Definition of 
sustained 
progression 

Treatment 
group 

N Number 
progressed 
(%) 

Number not 
progressed 
(%) 

Relative 
hazard ratio 
(95% 
confidence 
interval) 

Significance 
(time to 
progression) 

INCOMIN 
(2002)27 

2 Increase in 
EDSS of ≥1.0 
EDSS point 
sustained for at 
least 6 months 
and confirmed at 
study end 

IFNβ-1b 8MIU 96 13 
(13.54%) 

83 
(86.46%) 

0.40 
(NR)† 

p=0.01 
(log-rank) 

IFNβ-1a 6MIU 92 28 
(30.43%) 

64 
(69.57%) 

EVIDENCE 
(2002)28 

0.92 1.0 EDSS point 
confirmed at 3 
months  

IFNß-1a 44µg 339 43 
(12.68%) 

296 
(87.32%) 

0.87 
(0.58 to 
1.31) 

p=0.51 
(Cox 
proportional 
hazards 
model) 

IFNβ-1a 6MIU 338 49 
(14.50%) 

289 
(85.50%) 

0.92 1.0 EDSS point 
confirmed at 6 
months  

IFNß-1a 44µg 339 20 
(5.90%) 

319 
(94.10%) 

0.70 
(0.39 to 
1.25) 

p=0.23 
(Cox 
proportional 
hazards 
model) 

IFNβ-1a 6MIU 338 28 
(8.28%) 

310 
(91.72%) 

Table key 
NR=not reported 
†Hazard ratios and confidence intervals were not reported in the trial publications and have been estimated by the study authors 
using methods described in Section 3.6.2. 

The INCOMIN trial reported a significant difference in time to sustained progression in favor of 

those patients receiving IFNβ-1b 8MIU compared to IFNβ-1a 6MIU (p=0.01).27 The EVIDENCE 

trial reported non-significant differences in time to sustained progression between IFNß-1a 44µg 

and IFNβ-1a 6MIU for analyses using data at 24 weeks (p=0.51) and 48 weeks (p=0.23);28 both of 

these analyses suggested a trend in favour of IFNß-1a 44µg. 

Based upon data reported within the INCOMIN trial,27 the relative hazard ratio for progression for 

IFNβ-1b 8MIU versus IFNβ-1a 6MIU was estimated to be 0.40. Confidence intervals and standard 

errors surrounding this hazard ratio were not calculable from the published study report. The 

EVIDENCE trial reported a relative hazard ratio for progression for IFNß-1a 44µg versus IFNβ-1a 

6MIU of 0.87 (95% confidence interval 0.58-1.31, p=0.51) when disease progression was 

confirmed at 3 months and a relative hazard ratio of 0.70 (95% confidence interval 0.39-1.25, 

p=0.23) when progression was confirmed at 6 months. 

4.7.4.2 Mean change in EDSS, head-to-head trials in RRMS 
Mean change in EDSS score between baseline and study end were not reported for the two head-

to-head trials of RRMS included in the review.27;28 

4.7.4.3 Other EDSS-related outcomes, head-to-head trials in RRMS 
With the exception of time to sustained progression, no other EDSS-related outcomes were 

reported for either the INCOMIN trial27 or the EVIDENCE trial.28 
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4.7.5 Modified relative hazard ratios for progression based upon the placebo-

controlled trials and head-to-head trials in RRMS 
Table 13 presents the results of the random effects mixed treatment comparisons, which 

synthesize evidence on sustained disease progression from the placebo-controlled trials15;21;23 and 

the head-to-head trials27;28 in patients with RRMS. The methods used to generate these estimates 

are presented in Section 3.6.4, and the WinBUGS model syntax and data are detailed in Appendix 

3. It should be noted that none of the studies which met the inclusion criteria for this review 

reported head-to-head trials of GA 20mg against either IFNβ-1a or IFNβ-1b. As there are 

differences between the trials in terms of patient characteristics and definitions of sustained 

progression, the results of this analysis should be interpreted tentatively. Owing to these potential 

heterogeneities between the studies, the impact of the mixed treatment comparisons on marginal 

estimates of cost-effectiveness is considered as a sensitivity analysis (See Section 6.3.2). 

Table 13  Progression hazard results estimated using mixed treatment comparisons of placebo-

controlled and head-to-head trials in RRMS 
Study Study 

duration 
(years) 

Treatment 
group 

N Observed 
number of 
events 

WinBUGS 
predicted number 
of events 

WINBUGS 
estimated relative 
hazard (SE) 

MSCRG 
(1996)21 

2 IFNβ-1a 6MIU 158 34.60 40.36 0.79 
(0.12) Placebo 143 49.91 44.73 

IFNBMSSG 
(1995)15 

5 IFNβ-1b 8MIU 122 43 39.34 0.52 
(0.09) Placebo 122 56 64.65 

PRISMS 
(1998)23 

2 IFNβ-1a 44μg 184 47.84† 48.68 0.70 
(0.11) Placebo 187 72.93† 67.38 

INCOMIN 
(2002)27 

2 IFNβ-1b 8MIU 96 13 17.07 0.67 
(0.14) IFNβ-1a 6MIU 92 28 23.68 

EVIDENCE 
(2002)28 

0.92 IFNβ-1a 44μg 339 43 41.92 0.89 
(0.15) IFNβ-1a 6MIU 338 49 47.31 

Table key 
SE=standard error 
† Estimated from Kaplan-Meier progression-free survival curves 

It can be seen from the results of the mixed treatment comparisons that the incorporation of 

evidence from the two head-to-head trials27;28 has a substantial impact upon the relative hazard 

ratios for EDSS progression estimated from the placebo-controlled trials alone (estimated hazard 

ratios for independent and mixed treatment comparisons – IFNβ-1a 6MIU 0.58 versus 0.79, IFNβ

1b 8MIU 0.71 versus 0.52, and IFNβ-1a 44μg 0.60 versus 0.70 for the placebo-controlled and 

WinBUGS synthesis respectively). Table 13 suggests that the WinBUGS synthesis places 

considerably more weight on the progression results reported for the EVIDENCE trial28 due to its 

large sample size. The WinBUGS analysis indicates that the head-to-head estimates of the 

effectiveness of IFNβ-1a 44μg are broadly consistent with the placebo-controlled data, while the 

WinBUGS estimates of the effectiveness of IFNβ-1b 8MIU appear to be more favorable than 

those obtained from the analysis of the placebo-controlled trial data. By contrast, the head-to-head 

trials suggest that the placebo-controlled data for 6MIU IFNβ-1a result in an overestimate of its 

true effect on progression. However, as noted above, the presence of known and unknown 
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heterogeneities between the trials mean that the results of this analysis should be approached with 

caution. 

4.7.6 Discussion of EDSS outcomes 
For placebo-controlled trials in patients with RRMS, significant improvements in terms of time to 

sustained EDSS progression were reported for IFNβ-1a 6MIU,21 IFNβ-1a 44μg,23 and IFNβ-1a 

22μg.23 For head-to-head trials in patients with RRMS, a significant improvement in time to 

sustained EDSS progression was reported for IFNβ-1b 8MIU compared to IFNβ-1a 6MIU.27 

IFNβ-1a 44μg did not significantly delay time to disease progression compared to IFNβ-1a 

6MIU.28 

For placebo-controlled trials in patients with SPMS, significant improvements in terms of time to 

sustained EDSS progression and mean EDSS change from baseline to study end were reported for 

IFNβ-1b 8MIU within the European study,24;25 but not within the NASPMS trial.26 This 

contrasting finding between the two trials may be explained by the different baseline populations 

and/or by the different definitions of progression. 

Where no significant differences were reported between intervention and comparator groups, 

trends suggested beneficial rather than detrimental effects of interventions over the comparator. 

However, a lack of statistical significance means that firm conclusions cannot be drawn. 

Heterogeneity in terms of the definition of disease progression between studies means that 

comparisons of results between studies are highly problematic, especially with regard to differing 

times of confirmation of EDSS scores. Progression confirmed at 3-months may constitute 

prolonged relapse that would not be confirmed at 6-months, as indicated where both definitions 

were measured within a trial.25 

A further point of note is that the analysis of the GA 20mg outcomes19;20 accepted results 

reflecting improvement on the EDSS, while the other included studies do not. However, observed 

improvements on the EDSS are generally interpreted as indicating the erroneous measurement of 

disease progression at the previous examination.23 Mean change in EDSS is also not a valid 

measure where the baseline population has a range of EDSS scores, as EDSS is an ordinal scale, 

thus changes at one end of the scale do not match measured change at the other end of the scale. 

The nature of the EDSS scale was sometimes taken into account through the use of differing 

definitions of disease progression at or above an EDSS score of 6.0.24-26 

Differing distributions of patients across disease states at study baseline may also compromise 

direct comparisons between trials. It is unclear whether the interventions have a differential effect 

on specific subgroups of patients. The Phase III trial of subcutaneous IFNβ-1a reported a more 
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pronounced treatment effect in high baseline EDSS (over 3.5) patients.23 Patients with relapses or 

increases in EDSS two years prior to study entry were relatively affected more by IFNβ-1b 8MIU 

in both SPMS trials.25;26 

It should also be noted that the reporting of progression outcomes within the included studies is 

limited. While most of the studies compared time-to-event data using the log-rank test, the 

corresponding relative hazard ratios and uncertainty surrounding these ratios were only reported 

within the EVIDENCE trial.28 For all other included studies, we estimated relative hazard ratios 

between treatment groups based upon the assumption that the effect of treatment is independent of 

time (See Section 3.6.2). 

It should also be noted that the study periods used within the trials to evaluate the impact of 

therapy on disease progression were short. Longer follow-up periods may provide a better 

indication of the true effect of the disease-modifying therapies on sustained disease progression. 

4.8 Relapse outcomes 
4.8.1. Trial definitions of relapse 

Relapse was defined as the appearance or reappearance of one or more neurologic symptoms, 

immediately preceded by a relatively stable or improving neurologic state of at least 30 days, 

persisting for either at least 48 hours,14;20;21;26 or persisting for at least 24 hours15;23;24 with some 

studies additionally stipulating symptoms consistent with at least 0.5 step increase on EDSS,14;20;21 

or in the absence of fever.15;24;26 The definitions of relapse were similar for studies in RRMS and 

SPMS. 

4.8.2. Relapse outcomes, placebo-controlled trials in RRMS 
4.8.2.1 Relapse rates, placebo-controlled trials in RRMS 

Table 14 presents the mean number of relapses experienced by patients within each treatment 

group as reported in the publications of placebo-controlled trials in patients with RRMS.  
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Table 14  Relapse rates, placebo-controlled trials in RRMS 
Study Study 

duration 
(years) 

Treatment 
group 

N Mean 
relapse 
rate 

Annualized 
relapse rate 
(95% 
confidence 
interval) 

Relative relapse 
rate 
(95% confidence 
interval) 

Significance 
(difference in 
relapse rate) 

Comi et al 
(2001)14 

0.75 GA 20mg 119 0.51 0.81 
(NR) 

0.67 
(NR)† 

p=0.012 
(statistical 
test unclear) Placebo 120 0.76 1.21 

(NR) 
Johnson et al 
(1995)19 

2 GA 20mg 125 1.19 0.59 
(NR) 

0.70 
(NR)† 

p=0.007 
(ANCOVA) 

placebo 126 1.68 0.84 
(NR) 

Johnson et al 
(1998)20 

2.92 20mg GA 125 1.34 0.58 
(1.06-1.63) 

0.72 
(NR)† 

p=0.002 
(ANCOVA) 

placebo 126 1.98 0.81 
(1.70-2.26) 

MSCRG 
(1996)21 

2 IFNβ-1a 6MIU 158 NR 0.67 
(NR) 

0.82 
(NR)† 

p=0.04 
(Mann-
Whitney rank 
sum test) 

placebo 143 NR 0.82 
(NR) 

IFNBMSSG 
(1993)22 

3 IFNβ-1b 8MIU 124 NR 0.84 
(NR) 

0.66 
(NR)† 

p=0.0001 
(ANOVA) 

placebo 123 NR 1.27 
(NR) 

IFNBMSSG 
(1995)15 

5 IFNβ-1b 8MIU 122 NR 0.78 
(0.70 to 0.88) 

0.70 
(NR)† 

p=0.0006 
(ANOVA) 

placebo 122 NR 1.12 
(1.02 to 1.23) 

PRISMS 
(1998)23 

2 IFNβ-1a 44μg 184 1.73 NR 
(NR) 

0.68 
(95% confidence 
interval for 
relative relapse 
rate reduction 
0.21-0.44) 

p<0.005 
(generalized 
linear model) IFNβ-1a 22μg 189 1.82 NR 

(NR) 

Placebo 187 2.56 NR 
(NR) 

0.71 
(95% confidence 
interval for 
relative relapse 
rate reduction 
0.14-0.39) 

p<0.005 
(generalized 
linear model) 

Table key 
NR=Not reported 
†Confidence intervals surrounding relative relapse rates were not reported in the trial publications and have 
been estimated by the study authors using methods described in Section 3.6.2. 

All of the placebo-controlled RCTs in RRMS included in the review reported mean annualized 

relapse rates with the exception of the PRISMS trial which reported only unadjusted mean relapse 

rates.23 Significant improvements in relapse rate were reported for all interventions compared 

against placebo.14;15;19-23 Significant differences in relapse rates in favor of the intervention groups 

were reported within both interim analyses and final analyses for IFNβ-1b 8MIU and GA 20mg. 

For IFNβ-1a 6MIU, significant improvements were reported in favor of the intervention both 

when all patients were included (p=0.04), and when the analysis was restricted to patients with 

104 weeks data (p=0.002).21 
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The mean relative relapse rate for GA 20mg compared to placebo was estimated to be 0.6714 to 

0.72.20 The estimated mean relative relapse rate for IFNβ-1a 6MIU versus placebo was estimated 

to be 0.82.21 The mean relative relapse rate for IFNβ-1b 8MIU versus placebo was estimated to be 

0.66 when the 3-year outcomes were used,22 and 0.70 when the 5-year outcomes were used.15 The 

mean relative relapse rate for IFNβ-1a 44μg versus placebo was estimated to be 0.68 while the 

relative relapse rate for IFNβ-1a 22μg versus placebo was estimated to be 0.71.23 As with many of 

the other clinical efficacy outcomes, insufficient information was provided within the study 

publications to estimate standard errors or confidence intervals surrounding these relative relapse 

rates. 

4.8.2.2 Other relapse outcomes, placebo-controlled trials in RRMS 
Median time to first relapse from baseline for GA 20mg was reported to be 287 days; for placebo 

median time to first relapse was reported to be 198 days, although this difference was not 

statistically significant (p=0.097).19 This same estimate was reported at 35 months.20 42 patients 

(33.6%) receiving GA 20mg and 34 patients (27.0%) remained relapse-free throughout the initial 

2-year study duration (p=0.098). The therapeutic effect of GA 20mg on relapse was reported to be 

most pronounced in patients with EDSS scores between 0 and 2.0 at baseline. At 35-months, 

33.6% of patients receiving GA 20mg and 24.6% of patients receiving placebo were reported to be 

relapse-free (p=0.035). The 35-month extension study report stated that patients receiving placebo 

were significantly more likely to suffer multiple relapses (p=0.008).20 The study by Comi et al14 

however did not report a significant difference in terms of the proportion of relapse-free patients 

for the GA 20mg and placebo groups (p=0.175). 

The placebo-controlled trial of IFNβ-1a 6MIU reported that patients receiving the active treatment 

were significantly less likely to experience multiple relapses (p=0.03), although this analysis 

included only those patients who had spent at least 104 weeks on the study.21 The annualized 

relapse rate for this subset of patients who completed 104 weeks on study was reported to be 0.61 

for IFNβ-1a 6MIU and 0.90 for placebo; this difference in relapse rate was reported to be 

statistically significant (p=0.002).21 A non-significant difference in median time to first relapse 

was reported in favor of IFNβ-1a 6MIU (median time to relapse IFNβ-1a 6MIU 36.1 weeks, 

placebo 47.3 weeks, p=0.034).21 

The 3-year analysis of the placebo-controlled trial of IFNβ-1b 8MIU in RRMS reported a 

significant difference in time to first relapse in favor of IFNβ-1b 8MIU after 2 years of treatment 

(median time to first relapse IFNβ-1b 8MIU 295 days, placebo 153 days, p=0.015) which 

continued after 3 years of treatment (median time to first relapse IFNβ-1b 8MIU 264 days, 

placebo 147 days, p=0.0.028).22 At 2-years, a significant reduction in moderate/severe relapses 

was reported for IFNβ-1b 8MIU compared to placebo (p=0.002).22 This was reported to have led 
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to less need for hospitalization for the IFNβ-1b 8MIU group (p=0.07).22 The publication of the 5

year placebo-controlled trial of IFNβ-1b 8MIU reported a significant improvement in relapse rates 

for the first 2 individual years on study in favor of IFNβ-1b 8MIU (year 1 p<0.001, year 2 

p=0.030).15 As reported in Table 14, the reduction in overall relapse rate was significant at 5-years 

in favor of the IFNβ-1b 8MIU group. 

The PRISMS trial reported a delay in median time to first relapse of 3 months and 5 months for 

patients receiving IFNβ-1a 22μg and IFNβ-1a 44μg respectively. The authors also reported a 

significant reduction in the mean number of moderate and severe relapses in favor of IFNβ-1a 

44μg and IFNβ-1a 22μg at 2-years (p<0.005).23 

4.8.3 Relapse outcomes, placebo-controlled trials in SPMS 
4.8.3.1 Relapse rates, placebo-controlled trials in SPMS 
Table 15 presents annualized relapse rates reported in the placebo-controlled trials in SPMS. 

Table 15 Relapse rates, placebo-controlled trials in SPMS 
Study Study 

duration 
(years) 

Treatment 
group 

N Mean 
relapse 
rate 

Annualized 
relapse rate 
(95% confidence 
interval) 

Relative relapse 
rate 
(95% confidence 
interval) 

Significance 
(difference in 
relapse rate) 

European 
Study 
Group 
(1998)24 

2 IFNβ-1b 8MIU 360 NR 0.44 
(NR) 

0.69 
(NR)† 

p=0.0002 
(non-parametric 
analysis of 
covariance) 

Placebo 358 NR 0.64 
(NR) 

European 
Study 
Group 
(2001)25 

3 IFNβ-1b 8MIU 360 NR 0.42 
(NR) 

0.74 
(NR)† 

p=0.003 
(non-parametric 
analysis of 
covariance) 

Placebo 358 NR 0.57 
(NR) 

NASPMS 
(1999)26 

3 IFNβ-1b 8MIU 317 NR 0.16 
(SD=0.34) 

0.57 
(NR)† 

p=0.009 
(ANCOVA) 

Placebo 308 NR 0.28 
(SD=0.51) 

Table key 
NR=Not reported 
SD=standard deviation 
†Confidence intervals were not reported in the trial publications and have been estimated by the study authors using 
methods described in Section 3.6.2. 

Significant differences in annualized relapse rate were observed in favor of IFNβ-1b 8MIU within 

both the European SPMS trial (p=0.0002 at 2-years,24 p=0.003 at 3-years25) and the North 

American SPMS trial (p=0.009).26 

Based upon the 2-year and 3-year results of the European SPMS trial, the relative relapse rates for 

IFNβ-1b 8MIU versus placebo were estimated to be 0.69 and 0.74 respectively. The NASPMS 

trial results suggest a more pronounced treatment effect, with an estimated mean relative relapse 

rate of 0.57 for IFNβ-1b 8MIU versus placebo. The NASPMS trial reported a notably large 

standard deviation surrounding the annualized relapse rate within both study groups (for IFNβ-1b 
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8MIU, mean relapse rate=0.16, standard deviation=0.34; for placebo, mean relapse rate=0.28, 

standard deviation =0.51). 

4.8.3.2 Other relapse outcomes, placebo-controlled trials in SPMS 
The 2-year publication of the European SPMS trial24 reported a significant prolongation of time to 

first relapse for patients receiving IFNβ-1b 8MIU (median time to first relapse IFNβ-1b 8MIU 644 

days, placebo 403 days, p=0.0030). The proportion of patients with moderate or severe relapses 

was also lower in the intervention group than the placebo group (43.6% patients on IFNβ-1b 

8MIU, 53.1% patients on placebo, p=0.0083).24 In the North American SPMS study, fewer 

moderate and severe relapses were reported for patients receiving IFNβ-1b than for patients 

receiving placebo (p-value not reported).26 

4.8.4 Relapse outcomes, head-to-head trials in RRMS 
4.8.4.1 Relapse rates, head-to-head trials in RRMS 
Table 16 presents relapse rates for the two head-to-head trials included in the review. 

Table 16 Relapse rates, head-to-head trials in RRMS 
Study Study 

duration 
(years) 

Treatment 
group 

N Mean 
relapse 
rate 

Annualized 
relapse rate 
(95% 
confidence 
interval) 

Relative 
relapse rate 
(95% 
confidence 
interval) 

Significance 
(difference in 
relapse rates) 

INCOMIN 
(2002)27 

2 IFNβ-1b 8MIU 96 NR 0.5 
(SE=0.7) 

0.71 
(standardized 
mean 
difference =
0.31 (-0.60 to 
-0.02) 

p=0.03 (statistical 
test unclear) 

IFNβ-1a 6MIU 92 NR 0.7 
(SE=0.9) 

EVIDENCE 
(2002)28 

0.46 IFNß-1a 44µg 339 0.29 NR (NR) 0.73 
(NR)† 

p=0.022 
(Poisson 
regression model) 

IFNβ-1a 6MIU 338 0.4 NR (NR) 

0.92 IFNß-1a 44µg 339 0.54 NR (NR) 0.84 
(NR)† 

p=0.0093 
(Poisson 
regression model) 

IFNβ-1a 6MIU 338 0.64 NR (NR) 

Table key 
NR=Not reported 
SE=Standard error 
†Confidence intervals were not reported in the trial publications and have been estimated by the study authors 
using methods described in Section 3.6.2. 

The INCOMIN trial publication27 reported a statistically significant reduction in annualized 

relapse rate in favor of IFNβ-1b 8MIU compared to IFNβ-1a 6MIU (standardized mean difference 

0.31, 95% confidence interval -0.60 to -0.02, p=0.03); this led to a relative relapse rate of 0.71. 

The EVIDENCE trial publication reported a statistically significant reduction in mean relapse rate 

for IFNß-1a 44µg compared to IFNβ-1a 6MIU at both 24-weeks (relative relapse rate=0.73, 

p=0.022) and 48-weeks (relative relapse rate=0.84, p=0.00093).28 
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4.8.4.2 Other relapse outcomes, head-to-head trials in RRMS 
The EVIDENCE trial publication reported that over the initial 24 weeks of treatment, 254 (75%) 

patients receiving IFNβ-1a 44μg and 214 (63%) patients receiving IFNβ-1a 6MIU remained 

relapse-free (p=0.0005). Over 48 weeks of treatment, 209 patients (62%) receiving IFNβ-1a 44μg 

and 177 patients (52%) receiving IFNβ-1a 6MIU remained relapse-free (p=0.009). A statistically 

significant improvement in time to first relapse was reported in favor of patients receiving IFNβ

1a 44μg (hazard ratio=0.70, p=0.003).28 The proportion of mild, moderate and severe relapses 

were similar in each treatment group. 

The INCOMIN trial reported a statistically significant difference in terms of the proportion of 

patients free from relapse over the study duration in favor of patients receiving IFNβ-1b 8MIU 

(IFNβ-1b 8MIU 33%, IFNβ-1a 6MIU 51%, relative risk=0.76, 95% confidence interval 0.59-0.99, 

p=0.03).27 

4.8.5 Modified relative relapse rates based upon placebo-controlled trials and 

head-to-head trials in RRMS 
Table 17 shows the results of the fixed effects mixed treatment comparison WinBUGS model, 

which synthesizes evidence on relapse rates from the placebo-controlled trials15;21;23 and the head-

to-head trials27;28 in patients with RRMS. As noted earlier, none of the identified studies which 

met the inclusion criteria for this review reported head-to-head trials of GA 20mg against IFNβ. 

As with the mixed treatment comparisons for sustained disease progression, caution is advised in 

interpreting the results of this WinBUGs analysis due to both known and unknown heterogeneities 

between the trials. The impact of these modified relapse rates on marginal estimates of cost-

effectiveness is considered as a sensitivity analysis (See Section 6.3.2). 

Table 17  Relative relapse rates estimated using mixed treatment comparisons of placebo-

controlled and head-to-head trials in RRMS 
Study Treatment 

group 
N Observed mean 

number of relapses 
per patient 

WinBUGS predicted 
relative relapse rate 
(standard error) 

PRISMS 
(1998)23 

IFNβ-1a 44μg 184 1.73 0.68 
(0.05) Placebo 187 2.56 

IFNBSG 
(1995)15 

IFNβ-1b 8MIU 124 0.78 0.66 
(0.07) Placebo 123 1.12 

MSCRG 
(1995)21 

IFNβ-1a 6MIU 158 0.67 0.83 
(0.07) Placebo 143 0.82 

INCOMIN 
(2002)27 

IFNβ-1b 8MIU 96 0.50 0.80 
(0.10) IFNβ-1a 6MIU 92 0.70 

EVIDENCE 
(2002)28 

IFNβ-1a 44μg 339 0.54 0.83 
(0.07) IFNβ-1a 6MIU 338 0.64 

The results of the mixed treatment comparisons suggest that after adjusting for relapse rates 

estimated using data from the two head-to-head trials,27;28 the estimated relapse rates for each 
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intervention compared to placebo are very similar to those estimates obtained from the placebo-

controlled RCTs (IFNβ-1a 6MIU = 0.82 vs. 0.83, IFNβ-1a 44μg = 0.68 vs. 0.68, IFNβ-1b 8MIU = 

0.70 vs. 0.66 for placebo-controlled trial estimates and WinBUGS estimates respectively). 

4.8.6. Discussion of relapse outcomes 
Statistically significant reductions in relapse rates were shown for all of the interventions 

compared to placebo.14;15;19-23 For other secondary endpoints,24;26 differences failing to reach 

significance showed trends which favored the intervention over placebo. For the two included 

trials of IFNβ-1b 8MIU in the treatment of patients with SPMS, significant reductions in relapse 

rates were demonstrated in favor of the intervention.24;26 The two head-to-head trials27;28 reported 

statistically significant improvements in relapse rates for IFNβ-1b 8MIU and IFNβ-1a 44μg when 

compared against IFNβ-1a 6MIU. 

4.9 Adverse events and quality of life 
Injection site reactions were reported for all interventions; these included pain, itching, swelling 

and redness. Injection site reactions were more often observed in subcutaneous rather than 

intramuscular injections, and were more common for patients receiving IFNβ-1a and IFNβ-1b 

than GA. Influenza-like symptoms were reported as fairly frequent in interferon treatment 

(approximately half of the treatment groups15;21;23) and were less common with GA treatment. 

There was rarer occurrence of fever, myalgia,15;21;23 fatigue, and headache.21;23 There were no 

significant differences between IFNβ and placebo groups in depression or suicide.15;21;23 There 

was a transient self-limiting systemic reaction including flushing, chest pain and anxiety in some 

patients treated with GA (approximately 10%), but there was no major toxicity associated with 

GA.14;20 

HRQoL data were reported only for the European Phase III trial of IFNβ-1b 8MIU in the 

treatment of patients with SPMS,29 using the Sickness Impact Profile and a scale designed 

specifically for the study. The study showed a trend for delayed deterioration in patient-reported 

HRQoL, although this only reached statistical significance for a subscale (physical scale) of the 

Sickness Impact Profile intermittently (at 6-, 12- and 36-months, but not at other 6-monthly 

measurements). 

4.10 Conclusions on clinical effectiveness 
Trials demonstrated significant benefits for all interventions on relapses, shown by lower relapse 

rates, fewer patients experiencing relapse during study periods and delayed time to first relapse. 

All interventions significantly reduced relapse rates when compared with placebo. IFNβ-1b 8MIU 

(Betaseron) and IFNβ-1a 44μg (Rebif) both reduced relapse rates significantly more than IFNβ-1a 

6MIU (Avonex).27;28 Based upon the analysis of the placebo-controlled RCTs, the relative 
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reduction in relapse rate was estimated to be around 30% for IFNβ-1a 44μg (Rebif), IFNβ-1a 22μg 

(Rebif), IFNβ-1b 8MIU (Betaseron) and GA 20mg (Copaxone) when compared against placebo. 

The relative reduction in relapse rate was estimated to be approximately 18% for IFNβ-1a 6MIU 

(Avonex) when compared against placebo. When evidence from the head-to-head trials was 

included in the analysis, mean reductions in relapse rates for the interferons versus placebo 

appeared to be similar to those obtained from the placebo-controlled trials. 

Evidence concerning sustained disease progression was equivocal. For placebo-controlled trials in 

patients with RRMS, statistically significant improvements in time to sustained disease 

progression were reported for IFNβ-1a (Rebif) at both 44μg and 22μg doses, and for IFNβ-1a 

6MIU (Avonex) compared against placebo. Hazard ratios were not reported within these trials but 

were estimated by the study authors (See Section 3.6.2). The relative hazard ratio for progression 

for GA 20mg (Copaxone) versus placebo was estimated to be in the range 0.76 to 0.86. The 

estimated relative hazard ratio for progression for IFNβ-1a 6MIU (Avonex) versus placebo was 

estimated to be 0.58; however, analysis of this trial was not undertaken according to the ITT 

principle. The relative hazard ratio for progression for IFNβ-1b 8MIU (Betaseron) versus placebo 

was estimated to be 0.71. The estimated relative hazard ratios for progression for IFNβ-1a 44μg 

and IFNβ-1a 22μg (Rebif) versus placebo were estimated to be 0.60 and 0.72 respectively. 

Estimates of uncertainty surrounding these hazard ratios were not available (or calculable) from 

the data reported within the study publications. There were also significantly lessened increases in 

mean EDSS score for GA 20mg (Copaxone), IFNβ-1a 22μg (Rebif), IFNβ-1a 44μg (Rebif), IFNβ

1a 6MIU (Avonex) and IFNβ-1b 8MIU (Betaseron), however these data may reflect prolonged 

relapses rather than sustained progression. 

For head-to-head trials in patients with RRMS, a significant difference in terms of time to 

sustained EDSS progression was reported for IFNβ-1b 8MIU (Betaseron) compared to IFNβ-1a 

6MIU (Avonex) within the INCOMIN study.27 Within the EVIDENCE trial, IFNβ-1a 44μg 

(Rebif) did not significantly delay time to disease progression compared to IFNβ-1a 6MIU 

(Avonex).28 The mixed treatment comparisons model which synthesizes evidence from the head-

to-head trials and placebo-controlled trials suggests that both IFNβ-1a 44μg (Rebif) and IFNβ-1b 

8MIU (Betaseron) appear to be more effective in slowing progression than IFNβ-1a 6MIU 

(Avonex), however, these results should be approached with caution.  

For the treatment of SPMS, one study reported a significant improvement in time to disease 

progression for IFNβ-1b 8MIU (Betaseron); a non-significant difference was reported for the other 

SPMS trial. The hazard ratio for IFNβ-1b 8MIU versus placebo for SPMS was estimated to be 

between 0.72 and 0.93. 
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Study periods for considering disease progression were short; further research over longer 

experimental study durations would be invaluable. Differences in study designs, baseline 

populations, follow-up periods, primary endpoints, and definitions of relapse and progression 

endpoints make comparisons of efficacy between studies highly problematic. Missing data were 

not imputed in the same way across trials, and not all trials conducted ITT analyses, therefore the 

presence of bias is likely. Many of the trials recruited only a relatively small number of patients. 

Where subgroup analyses were conducted, there was a suggestion that disease status at baseline 

was a factor in the effectiveness of the intervention; consequently further research with planned 

subgroup analyses or comparisons of specific subgroups of patients would be useful in elucidating 

this potential interaction. Additional head-to-head trials may also indicate the relative 

effectiveness of GA and IFNβ. 

Injection-site reactions were common; these present a problem for blinding in trials of GA and 

IFNβ. Other treatment related adverse events included influenza-like symptoms. Serious adverse 

events were rare, and there was no evidence to indicate that depression or suicide were linked to 

any of the interventions. There were very few drop-outs due to adverse events, suggesting that the 

interventions were generally well tolerated. 

It should be re-iterated that the standard of reporting of outcomes within the included studies was 

generally limited, with very few studies reporting hazard ratios for time-to-event data, or more 

generally, confidence intervals or standard errors surrounding mean effectiveness estimates. 

4.11 Summary of clinical effectiveness data used to populate 

the health economic model 
Table 18 summarises the estimates of treatment effectiveness used to populate the base case health 

economic model. Owing to the limited reporting of relative hazard ratios for disease progression 

and relative relapse rates (and uncertainty surrounding these statistics), standard errors 

surrounding mean treatment effectiveness estimates were derived from a process of consultation 

with clinical experts, the National Institute for Clinical Excellence (NICE) and its stakeholders 

during the 2001 appraisal of these products. These same standard errors are used within the US 

analysis. It is noteworthy that these standard errors allow for more uncertainty than was observed 

in the re-analysis of the patient-level trial data; this additional uncertainty is particularly 

appropriate due to the gap between the clinical trial populations and the US MS Medicare 

population. 
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Table 18  Summary of treatment effectiveness estimates assumed within the base case health 

economic analysis 

Intervention Progression Relapse 
Relative hazard ratio 
for progression in 
RRMS (SE)  

Relative hazard ratio 
for progression in 
SPMS (SE)  

Relative relapse 
rate in RRMS 
(SE) 

Relative relapse 
rate in SPMS 
(SE) 

GA 20mg 0.86 (0.23) 1.00 (n/a) 0.70 (0.11) 1.00 (n/a) 
IFNβ-1a 6MIU 0.58 (0.19) 1.00 (n/a) 0.82 (0.13) 1.00 (n/a) 
IFNβ-1b 8MIU 0.71 (0.18) 0.72 (0.18) 0.70 (0.09) 0.69 (0.09) 
IFNβ-1a 22μg 0.72 (0.19) 1.00 (n/a) 0.71 (0.08) 1.00 (n/a) 
IFNβ-1a 44μg 0.60 (0.19) 1.00 (n/a) 0.68 (0.08) 1.00 (n/a) 
Table key 
SE=standard error 

For the purpose of the base case health economic analysis, relative progression hazards and 

relative relapse rates for IFNβ-1a 6MIU, IFNβ-1b 8MIU, IFNβ-1a 22μg, and IFNβ-1a 44μg were 

derived from the final analyses of the pivotal clinical trials for these products.15;21;23 As noted 

throughout this chapter, the placebo-controlled trial of IFNβ-1a 6MIU was stopped early and 

many reported analyses were not based upon the ITT principle.21 While this is flawed, this 

remains the most substantial public domain estimate of the relative efficacy of IFNβ-1a 6MIU 

compared to placebo, and importantly is the estimate of effect upon which the product is licensed. 

For GA 20mg, effectiveness estimates were drawn from the 2-year analysis.19 The extension study 

outcomes for GA 20mg were not used within the model due to the use of the Last Observation 

Carried Forward rule to impute missing EDSS data; this imputation approach is likely to result in 

biased estimates of treatment effectiveness. For SPMS, the most favorable hazard ratio for IFNβ

1b 8MIU versus placebo was used. 

Table 19 summarises the estimates of treatment effectiveness used within the mixed treatment 

comparison model which is presented as a sensitivity analysis. Standard errors surrounding mean 

effectiveness estimates are shown in parentheses. In this instance, standard errors surrounding 

mean effectiveness estimates were generated using the WinBUGS software. 

Table 19  Summary of treatment effectiveness data assumed within the mixed treatment 

comparison sensitivity analysis 
Intervention Progression Relapse 

Relative hazard ratio 
for progression in 
RRMS (SE)  

Relative hazard ratio 
for progression in 
SPMS (SE)  

Relative relapse 
rate in RRMS 
(SE) 

Relative relapse 
rate in SPMS 
(SE) 

GA 20mg 0.86 (0.23)† 1.00 (n/a) 0.70 (0.11)† 1.00 (n/a) 
IFNβ-1a 6MIU 0.79 (0.12) 1.00 (n/a) 0.83 (0.07) 1.00 (n/a) 
IFNβ-1b 8MIU 0.52 (0.09) 0.72 (0.18)† 0.66 (0.07) 0.69 (0.09)† 

IFNβ-1a 22μg 0.72 (0.19)† 1.00 (n/a) 0.71 (0.08)† 1.00 (n/a) 
IFNβ-1a 44μg 0.70 (0.11) 1.00 (n/a) 0.68 (0.05) 1.00 (n/a) 
Table key 
†Based on placebo-controlled trial estimates due to absence of head-to-head trial comparisons 
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5.0 Health economic methods 
5.1 Introduction 
This chapter details the structure and data sources used within the ScHARR MS cost-effectiveness 

model. The model was originally developed for use in the appraisal of IFNβ and GA on behalf of 

NICE in England and Wales. The original cost-effectiveness model has been developed to 

incorporate a lifetime horizon for the evaluation of the costs and effects of alternative treatment 

options, the incorporation of US-specific data on baseline disease severity,30;31 updated estimates 

of treatment effectiveness derived from the review of clinical effectiveness14;15;19-28 (See Chapter 

4), updated estimates of HRQoL by EDSS state from a cohort of patients within Nova Scotia,32 

and US-specific data on the costs of disease-modifying therapies and the costs of MS care.30 

5.2 Existing evidence on the health economics of IFNβ and 

GA 
There have been a number of attempts to estimate the cost-effectiveness of the disease-modifying 

therapies for MS. Previous estimates of cost-effectiveness range from in excess of a million 

pounds per QALY gained (>US $1,800,000) to cost-saving (See “Key Definitions”).33-37 A review 

of these models undertaken on behalf of NICE identified significant flaws in all existing 

analyses.38 The major problems identified in the review were: 

• Failure to model the natural history of the disease as the comparator to treatment;  

• Failure to incorporate mortality in long-term treatment models;  

• Failure to model the transition to SPMS from RRMS; 

• Failure to model the impact of treatment-related adverse events on cost-effectiveness; 

• Failure to incorporate treatment drop-outs into the model; 

• Linear extrapolation of short-term data; 

• Inappropriate time horizons; 

• Implausible assumptions regarding the impact of relapse on HRQoL;  

• Inadequate analysis of uncertainty around model parameter values. 

In March 2001, NICE commissioned a consortium based at the University of Sheffield to produce 

a cost-effectiveness analysis to directly address the problems associated with the existing cost-

effectiveness analyses of the disease-modifying therapies for MS. The health economic model 

presented within this report is based upon the original model developed on behalf of NICE, with 

the inclusion of additional US-specific cost and utility data, and alternative model assumptions 

which are more appropriate to the cost-effectiveness analysis of disease-modifying therapies in the 

US Medicare MS population. The structure of the model and a description of the evidence used to 

populate the model have been reported previously.39-41 
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5.3 Perspective of the analysis 
The original model developed as part of the 2001 NICE appraisal evaluated the direct costs and 

effects of disease-modifying therapies from the perspective of the NHS and Personal Social 

Services (See “Key Definitions”). The model developed on behalf of the CMS evaluates direct 

costs and effects associated with the disease-modifying therapies from the perspective of the US 

health care payer. 

5.4 Structure of health economic model 
5.4.1 Overview of cost-effectiveness model 
The ScHARR MS cost-effectiveness model simulates the natural history of MS using the state 

transition methodology, modeling individual EDSS states from 0 through 10 in RRMS, and from 

EDSS 2.0 through 10 in SPMS.7 The model operates on a cohort basis rather than at the level of 

the individual patient. Each health state in the model relates to an individual score on the EDSS. 

Patients enter the model at 51 years of age, based upon data obtained from the Sonya Slifka MS 

dataset (See Section 5.6.8.2).30;31 Disease course, cost and utilities with and without treatment are 

assessed over the remaining lifetime of the cohort. All patients enter the model and with rare 

exception, experience progressive disability as measured on the EDSS according to the transition 

probabilities derived from the London Ontario Cohort natural history dataset (See Section 5.6.1).42 

Disease progression within the model is assumed to be time-independent, although these 

probabilities are adjusted as the risk of death increases. Improvements on the EDSS are assumed 

not to be possible within this model. Figure 2 shows the possible transitions between model health 

states during each cycle. During any given model cycle, patients can remain in their current health 

state, progress one or more EDSS states, transit to a SPMS health state, discontinue therapy, or 

die. Patients who discontinue therapy subsequently progress according to the natural history 

transition rates.42 Importantly, patients are assumed to retain the benefits of treatment achieved up 

to the point of stopping therapy. 

Costs are associated with spending one cycle in each individual EDSS health state. Each EDSS 

state is assigned a specific utility score which describes the mean quality of life associated with 

that degree of disability. The “on treatment” and “conventional management” (best supportive 

care) cohorts progress through the EDSS states at different rates, as determined by instantaneous 

hazard rates estimated using current clinical effectiveness evidence (See Chapter 4), and therefore 

accrue different cost and quality of life profiles. 

Useful guides concerning the application of the state transition modeling methodology in the 

economic evaluation of healthcare technologies are available from Sonnenberg and Beck43 and 

Briggs and Sculpher.44 
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Figure 2  Schematic of ScHARR MS cost-effectiveness model 
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5.4.2 Key model assumptions 
The assumptions made in constructing the model favor the novel therapies within the analysis. 

•	 Patients enter the model aged 51 years, as reflected in the Sonya Slifka dataset.30;31 

•	 The initial distribution of patients across the EDSS is based upon the ADL distribution of 

all patients in the Sonya Slifka dataset30 at the time of the analysis (mapped to the EDSS, 

as described in Section 5.6.8.2). 

•	 While some patients with primary progressive disease may receive disease-modifying 

therapy in practice in the US, there is a paucity of evidence relating to the clinical efficacy 

of any disease-modifying therapy within this patient population. Consequently, the 

analysis is restricted only to patients with RRMS and SPMS disease courses. 

•	 The simulation is continued until all patients within the model are absorbed into the death 

state. 

•	 Transitions within the model are assumed to be progressive only. For example, a patient 

in EDSS 4.5 in the current model cycle could not regress back to EDSS 4.0 during a 
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subsequent model cycle. Fluctuations due to exacerbations and subsequent stabilization 

are superimposed upon the underlying EDSS progression model. It has been argued that 

MS may not in fact be a solely progressive disease, but rather that fluctuations on the 

EDSS may be possible. It is unclear whether these observed improvements in disability 

are ‘noise’ or whether short-term improvements in disability actually occur. Noise in the 

data could stem from the misspecification of initial or subsequent disability, or variations 

in patients’ attitudes to their underlying functioning levels over time. However, such 

improvements have not been observed in the long-term natural history data from Ebers 

and colleagues,42 and were not considered within the majority of the clinical trials (See 

Chapter 4). Current evidence suggests that the appearance of shifts towards improved 

disability is likely to be attributable to the poor intra- and inter-rater reliability of the 

EDSS. 

•	 A ‘retained effect’ of treatment on both progression and relapse beyond the duration of 

the trials included in the clinical effectiveness review is modeled. Any patient who 

discontinues therapy subsequently progresses according to natural history rates but retains 

any previously accrued benefits at no additional cost of therapy.  

•	 Due to the paucity of evidence concerning the long-term efficacy of any of these 

therapies, the effects of treatment are assumed to be fixed and do not deteriorate or 

increase over time.  

•	 The annual risk of 'all-cause' mortality for the MS cohort is assumed to be the same as a 

normal healthy population. 

•	 Patients may continue to receive disease-modifying therapy until they drop off therapy or 

until death. Assumptions concerning the impact of treatment cessation upon progression 

to EDSS 7.0 are explored within the sensitivity analysis. 

5.5 Health economic comparisons undertaken within the cost-

effectiveness analysis 
It is conventional practice in health economic evaluation to compare the costs and effects of health 

interventions incrementally, whereby interventions are ranked in order of effectiveness, and cost-

effectiveness ratios are calculated for non-dominated treatment options. However, correlations 

between the efficacies of the range of IFNβs and GA are unknown and have not been fully 

evaluated within clinical trials; if one therapy is effective, it is possible that the other therapies are 

also effective. The review of placebo-controlled trials presented in Chapter 4 highlighted 

considerable heterogeneities between the studies in terms of the populations of patients at baseline 

and in terms of the definition of progression outcomes. In order to incorporate such correlations 

between the efficacies of the disease-modifying therapies within the model, it would be necessary 

to handle the set of treatment efficacies as a multivariate normal distribution, and to incorporate an 
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uncertain covariance matrix into the model. Sampling of this multivariate distribution would then 

be facilitated by sequentially sampling a series of standardized normal distributions, and linearly 

transforming these samples using the Cholesky square root of the covariance matrix. This situation 

is further complicated by the necessity to also sample the covariance matrix in order to capture the 

uncertainty in the correlations between treatments. 

Owing to these difficulties, the base case health economic model reports the marginal cost-

effectiveness of each of the disease-modifying therapies as compared against best supportive care. 

This analysis is based exclusively on effectiveness data sourced from the placebo-controlled 

clinical trials (effectiveness estimates are reported in Table 18). The synthesis of placebo-

controlled trials and head-to-head trials of IFNβ provides some information concerning the 

comparative efficacy of some of these therapies (IFNβ-1a and IFNβ-1b), although evidence 

concerning the comparative efficacy of GA and IFNβ is not available. A secondary analysis of 

cost-effectiveness based upon modified treatment effectiveness estimates using both the placebo-

controlled and head-to-head trials is therefore presented as a sensitivity analysis (effectiveness 

estimates are reported in Table 19).  

5.6 Data sources used within the ScHARR MS cost-

effectiveness model 
A list of all model parameters and their characteristics is detailed in Appendix 5. 

5.6.1. Disease progression 
Natural history disease progression rates for patients with RRMS and SPMS were derived from a 

large 25-year patient-level cohort study undertaken in London, Ontario, Canada.42 The clinical 

database was derived from a population-based sample of more than 1,000 patients with essentially 

untreated MS in whom accrual ended in 1984. This dataset was used to estimate instantaneous 

hazard rates for transition along the EDSS for patients receiving best supportive care within the 

model. Patients who were not eligible for treatment according to label indications and the 

Association of British Neurologists (ABN) guidelines45 were excluded from the analysis. A 

summary of these criteria are shown in Box 1. 
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Box 1 ABN Eligibility Criteria for Treatment with IFNβ in Multiple Sclerosis 

• Patients must be able to walk independently 

• Patients must have previously had at least two major relapses 

• Patients must be aged at least 18 years 

• Patients must not have any contraindications 

Data on Disability Status Scale (DSS) score, a precursor to the EDSS,46 for each patient for each 

year up to 25 years were used to estimate the probability of progressing from one DSS state to 

another (See Appendix 6). As natural history data were available at the level of the individual 

patient, it was possible to remove data for those patients with primary progressive or benign MS, 

to estimate separate transition rates for RRMS and SPMS, and to estimate the probability of 

progressing from RRMS to SPMS for individual DSS states. 

Instantaneous hazard rates for progression without disease-modifying therapy were calculated 

from the Ontario dataset42 using the formula below. As transitions were based upon instantaneous 

hazard rates, multiple EDSS progressions are possible during any model cycle, for example it is 

possible for a patient to progress from EDSS 3.0 to EDSS 5.0 within a single model cycle. 

li = 
Number

n 

of people leaving statei 

� duration in statei 
j =1 

Pooled placebo arm data from the existing RCTs of IFNβ and GA were used to map from the DSS 

transition matrix to an EDSS state transition matrix. Each DSS state was assumed to consist of 

two EDSS states i.e. DSS 4 was assumed to consist of EDSS 4.0 and EDSS 4.5. The proportion of 

time in each of the two EDSS states observed in the pooled placebo matrix was used to partition 

the DSS dwell time, while keeping the expected total dwell time in the two EDSS states equal to 

the observed dwell time in the natural history data. This method is reported in detail in the earlier 

study report.39 

5.6.2 Treatment effects on progression  

The effect of treatment on disease progression was modeled using relative hazard rates as 

compared to no treatment, assuming independent treatment effects. The methods for estimating 

relative hazard rates from the included RCTs are described in Section 3.6. It should be noted that 

the model assumes that the treatment effect parameters estimated using data from the placebo-

controlled trials are maintained over the entire model time horizon, although most trials were 

followed up over a period of between 2 and 3 years. As noted in Section 4.10, the true impact of 
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these therapies on disease progression and relapse over the course of the disease is subject to 

considerable uncertainty. 

The relative hazard ratios for disease progression were modeled by applying the relative hazard 

ratio for disease progression for each treatment versus placebo to the underlying natural history 

disease progression rate. Therefore each annual transition probability is multiplied by the relative 

hazard ratio for disease progression. 

5.6.3 Natural history relapses  

The London Ontario cohort study42 collected very little data on relapses beyond the first 2 years of 

follow-up, and was thus of limited use in modeling the incidence of relapse for patients under 

usual clinical management. A recent review of the natural history and epidemiology of MS by 

Richards and colleagues4 on behalf of the National Health Service Health Technology Assessment 

Programme identified six studies that reported natural history relapse rates. Of those identified 

studies which reported relapse rates in terms of time since diagnosis, there was significant 

variation in terms of both the published relapse rates as well as the length of follow-up. The two 

most recent studies reported annual relapse rates for a period of only 2-3 years.47;48 The next most 

recent study, which was undertaken by Patzold and colleagues,49 reported relapse rates over a 

considerably longer duration (a total of 19 years). Up to 7 years, these data are reported annually, 

and every two years thereafter. The Patzold data49 as reported in Richards and colleagues4 were 

used as the basis for estimating the natural history of relapses. These data are presented in Table 

20. 

Table 20 Natural history relapse rates from time of diagnosis49 

Time 
(years) 

Estimated annual natural 
history relapse rate† 

1 1.85 
2 1.1 
3 1 
4 0.85 
5 0.65 
7 0.75 
9 0.25 
11 0.6 
13 0.28 
15 0.3 
19 0.2 
Table key 
†Standard errors/95% confidence intervals not 
reported within study publication 
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Evidence on the incidence of relapse clearly suggests that the frequency of relapse is time-

dependent rather than EDSS-dependent.4 In order to identify the expected number of relapses for 

each EDSS state over time, the state transition matrix within the ScHARR model was used to 

identify the number of years with disease for patients in each EDSS state. For each EDSS state, 

the distribution for disease duration was estimated. These proportions were then applied as 

weights to the time-dependent relapse rates taken from the Patzold study.49 The products of each 

of these calculations were then summed to give the expected number of relapses in each state, 

independent of time since diagnosis. 

5.6.4 Treatment effects on relapse 

The effect of treatment on the mean number of relapses experienced was modeled using the 

relative relapse rate estimated from the clinical trials (See Section 4.8). As noted in Chapter 4, the 

magnitude of this effect differs between the therapies. This means that as patients transit from one 

health state to another, the mean number of relapses they experience during the next year depends 

on which health state they move to. As patients progress to SPMS, they incur fewer relapses as 

progression becomes their primary symptom. The occurrence of a relapse results in both an 

additional cost to be added to the patient’s current total costs, and a decrement in utility to be 

subtracted from the patient’s current total utility score. 

Relative relapse rates while receiving each of the disease-modifying therapies compared to best 

supportive care were taken directly from relapse data reported within the clinical trials (See 

Section 4.8). These relative relapse rates were then applied directly to the Patzold natural history 

relapse data49 to estimate the expected number of relapses for each treatment group over the model 

time horizon. 

5.6.5 Treatment-related adverse events 
It is well established that all four disease-modifying therapies are associated with adverse events 

of some type. The IFNβs are recognized as having injection site reactions and influenza-like 

symptoms, while GA is reported to have different, but equally self-resolving adverse events (for 

example hot flashes). The incidence of mild adverse events is high for all these products, although 

all four disease-modifying therapies are described as being well tolerated. The model assumes that 

the incidence of adverse events is as reported in the trials. However, the model also assumes that 

these adverse events occur only during the first year of treatment. While treatment-related adverse 

events are clinically mild, work by Prosser37 suggests that they are associated with a small but 

significant reduction in HRQoL. Mean adverse event utility decrements estimated by Prosser37 

were used within the ScHARR MS cost-effectiveness model. 
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5.6.6 Drop-outs 
Published evidence suggests a drop-out rate for all therapies of up to around 30% during the trial 

durations, however, the evidence on the distribution of drop-outs over time is unclear. Evidence 

from actual usage provided by two of the companies suggested a slightly lower level of drop-outs, 

however this was still over 20%.39 The drop-out estimates reported within the trials and the 

company-generated drop-out estimates cannot be considered robust. The trial data include drop

outs for different reasons, some of which are protocol-related, while the data on therapy cessation 

in clinical practice provide no information on the reasons for drop-out. As there appears to be little 

significant difference between treatment-related averse events or their ease of use, it seems 

sensible to treat the therapies equally in this regard. Therefore the model assumes a drop-out rate 

of 10% in each of the first 2-years, followed by a 3% drop-out rate for each subsequent year on 

therapy. The underlying assumption is that there are a group of people who drop out early due to 

treatment-related adverse events (10%) and a second group of people who drop out later because 

either they or their doctors feel that the therapy is not helping (10%). After that point the model 

assumes a long-term attrition each year in use consistent with treatment compliance seen for the 

treatment of many chronic conditions. 

The model does not include the possibility of switching between disease-modifying therapies. The 

model assumes that patients who drop out retain the benefits of treatment previously accrued but 

subsequently progress according to the natural history data. The effect of this assumption is that 

patients who cease therapy retain these benefits without incurring additional costs. 

5.6.7 HRQoL 
HRQoL was modeled by assigning a utility score to each health state within the model. The total 

number of QALYs gained for each treatment option was calculated as the survival in each health 

state over the time horizon multiplied by the EDSS-specific utility associated with each health 

state. The negative quality of life impacts associated with relapses and side effects are represented 

by disutilities which were subtracted from the total number of QALYs gained. 

5.6.7.1 Modeling the relationship between EDSS and HRQoL 
There is increasing evidence of robust relationships between an individual’s EDSS and both the 

costs of managing their condition and the quality of life associated with that health state.50;51 

However, the model developed on behalf of NICE did not recognize the correlation between 

EDSS states for either utilities or costs (i.e. as costs increase, utilities decrease in a systematic 

pattern reflecting the change in the underlying clinical condition). As part of a further study 

commissioned by the NHS Research and Development Programme, a revised cost-effectiveness 

model was developed using publicly available information on the relationship between the EDSS, 

costs of care and HRQoL.41 Mean utilities were replaced by a functional form based upon the 
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0.006

0.206

0.406

0.606

0.806

patient’s underlying EDSS score. The specification of the functions drew from data available in 

the literature,33;50-52 our own experience of analyzing cost and quality of life data in MS, as well as 

our knowledge of methodological issues around cost and quality of life assessment in other 

chronic disabling conditions. On the latter point, we adjusted the functional form to allow for 

potential informative censoring in those patients who are severely disabled individuals, i.e. 

patients in EDSS states 8.0 and above. It was assumed that individuals at EDSS 9.5 would fulfil 

the criteria for the worst health state in the EQ-5D classification, thus the utility for this state was 

assumed to be -0.594. Previous experience in analyzing this type of data established that the shape 

of the function was consistently of the form illustrated in Figure 3. 

Figure 3  Illustration of assumed relationship between EDSS and health status 
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While there is some variation in the published quality of life estimates, this is not substantial. In 

order to specify the function it was necessary to identify the quality of life value at the point for 

EDSS 6.0, where the function commences its sharper downward trajectory. Parkin et al33 report a 

value of 0.49 for this state. As stated above, we were concerned that as disability increases, 

empirical estimates will be affected by the ability or willingness of disabled individuals to 

complete quality of life questionnaires. We therefore believe that mean values are likely to be 

overestimates of the true mean value for the health state. We therefore adjusted the Parkin33 

estimate slightly downwards to reflect this belief. We set the quality of life for EDSS 6.0 at a 

value of 0.47. 
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5.6.7.2 Incorporating recent empirical data with publicly available utility estimates 
The utility data used within the model developed on behalf of the CMS retained the form of the 

utility function described in Section 5.6.7.1, and incorporated further unpublished Canadian utility 

data made available to the ScHARR.32 It should be noted that equivalent EDSS-specific utility 

data were not available for the US Medicare MS population.  

Data on HRQoL, as measured using the Health Utilities Index Mark 3 (HUI3) were obtained from 

a study of 813 patients with clinically definite MS in Nova Scotia, Canada. Patients within the 

study had at least one HUI3 assessment within 16 days of a clinical examination where EDSS 

score was collected. Of these patients, 784 fully completed the HUI3 instrument and were 

included in the analysis; the remainder did not complete all dimensions of the HUI3 questionnaire 

which precluded the calculation of an index utility score. These data are reported in Table 21. 

Table 21  Relationship between utility score and EDSS32 

EDSS  
score 

No. patients 
completing  
EDSS (n=813) 

No. patients 
completing HUI3 
(n=784) 

Mean 
HUI3 
score 

Standard 
deviation 

Lower 95% 
confidence 
interval 

Upper 95% 
confidence 
interval 

0 20 20 0.78 0.31 0.64 0.92 
1.0 73 70 0.76 0.25 0.70 0.81 
1.5 57 56 0.80 0.22 0.74 0.86 
2.0 153 149 0.69 0.25 0.65 0.73 
2.5 99 93 0.58 0.31 0.51 0.64 
3.0 84 82 0.51 0.27 0.45 0.57 
3.5 78 72 0.50 0.29 0.43 0.57 
4.0 24 24 0.41 0.33 0.27 0.55 
4.5 14 14 0.42 0.20 0.31 0.53 
5.0 22 21 0.43 0.35 0.27 0.59 
5.5 12 12 0.28 0.27 0.11 0.45 
6.0 58 57 0.31 0.30 0.23 0.39 
6.5 48 47 0.31 0.23 0.24 0.38 
7.0 21 21 0.17 0.23 0.06 0.27 
7.5 17 16 0.17 0.23 0.05 0.30 
8.0 18 17 0.11 0.19 0.01 0.21 
8.5 15 13 -0.06 0.18 -0.18 0.05 

It is interesting to note that the anticipated missing data for those patients who are most severely 

disabled is not evident within the dataset.  

The parameters to the EDSS-utility function were fitted to the empirical Nova Scotia data using 

least squares minimization techniques. The results of this fitting process are shown in Figure 4. 

Uncertainty surrounding mean utility scores was estimated using Monte Carlo sampling 

techniques; the 95% confidence intervals of these simulated EDSS-specific utility scores were 

then fitted to the confidence intervals observed within the Nova Scotia cohort using least squares 

minimization. Figure 4 demonstrates that the shape of the functional form provides a close 

approximation of the empirical Nova Scotia utility dataset. The two main benefits of this approach 

are that the uncertainty surrounding mean utility scores can be modeled appropriately through the 
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incorporation of correlations between EDSS points, and that the missing data for EDSS 9.0 and 

EDSS 9.5 can be predicted.  

Figure 4  EDSS-utility function using data from Nova Scotia cohort 
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5.6.8 Costs 
5.6.8.1 Acquisition and administration costs of disease-modifying therapies 
All costs were valued in 2005 US dollars. Annual drug and administration costs for the disease-

modifying therapies were obtained from the CMS at manufacturers recommended doses. As with 

other Part B drug therapies, physician-administered IFNβ-1a (Avonex) is reimbursed on the basis 

of its Average Sales Price (ASP) plus 6%. In July 2005, the allowed drug charge for 11mcg IFNβ

1a (Avonex) was $90.368. This equates to an annual cost per patient of $14,097. An additional 

administration cost of $22 per weekly dose for physician services and clinic fees related to the 

administration of the drug was calculated from 2004 Medicare claims data for patients receiving 

IFNβ-1a (Avonex); this cost was inflated to 2005 prices using Medicare fee schedules. This 

administration cost was added to the allowed charges for the drug, which resulted in a total 

allowed charge of $15,257.64 for physician-administered IFNβ-1a (Avonex). As Medicare 

reimburses 80% of allowed charges under Part B, the cost of physician-administered IFNβ-1a 

6MIU (Avonex) to Medicare is estimated to be $12,438.57. It should be noted that self-

administered IFNβ-1a (Avonex) is not covered under the remit of Part B, but is included as a 

treatment option within the analysis.  
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In order to estimate drug costs for self-administered IFNβ-1a 6MIU (Avonex), IFNβ-1a (Rebif), 

IFNβ-1b 8MIU (Betaseron) and GA 20mg (Copaxone) which were covered under the MRDD, 

drug claims data from the demonstration were analyzed by the CMS to estimate a mean daily cost 

for each treatment. The patient cost sharing arrangements for the drugs covered by the 

demonstration were complicated and were designed to reflect the arrangements for the Part D drug 

benefit scheme which commenced in January 2006. The mean Medicare payment under the 

demonstration for MS therapies was estimated to be 77.65%; this was applied to the four therapies 

covered under the demonstration. The annual costs of self-administered IFNβ-1a 6MIU (Avonex), 

IFNβ-1a (Rebif), IFNβ-1b 8MIU (Betaseron) and GA 20mg (Copaxone) to Medicare were 

estimated to be $11,533.59, $14,803.78, $13,084.67, and $12,310.18 respectively. The same cost 

of 22μg and 44μg Rebif was used in the analysis, as Serono offer price parity for both doses of the 

drug. Administration costs are not relevant for the self-administered medications covered under 

the demonstration. A summary of these cost estimates are shown in Table 22. 

Table 22  Estimated costs of disease-modifying therapies to Medicare 

IFNβ-1a 
6MIU 
(Avonex)  
physician- 
administered 

IFNβ-1a 
MIU  
(Avonex)   
self-
administered 

IFNβ-1a 
22μg 
(Rebif)  

IFNβ-1a 
44μg 
(Rebif)  

IFNβ-1b 
8MIU  
(Betaseron) 

GA  
20mg 
(Copaxone) 

Daily cost $90.37 $40.69 $49.28 $49.28 $43.55 $40.98 
Annual cost $14,097.41 $14,853.30 $17,985.62 $17,985.62 $15,897.01 $14,956.06 
Annual 
administration 
charges 

$1,160.64 n/a n/a n/a n/a n/a 

Medicare 
reimbursement 

$12,438.57 $11,533.59 $13,965.83 $13,965.83 $12,344.03 $11,613.38 

5.6.8.2 Estimating the direct costs of MS care 

The Sonya Slifka dataset 
Recent published evidence relating to the relationship between the degree of MS disability and 

costs of care in the US is limited.50 A review of existing evidence concerning the costs associated 

with different levels of MS disability as measured by the EDSS, identified only two US 

studies53;54 which had estimated the costs associated with specific levels of disability. The review 

reported by Patwardhan and colleagues50 suggested that rise in cost is positively correlated with 

the level of MS disability. 

Patwardhan and colleagues50 noted that few studies could be identified in which the investigators 

performed a comprehensive assessment of the entire spectrum of the cost associated with MS. 

Owing to the absence of good quality MS cost evidence available in the public domain, EDSS-

specific costs of care were obtained from an analysis of data collected within the Sonya Slifka 

database commissioned specifically for use in this cost-effectiveness analysis.55 This work was 

undertaken by ABT Associates, Inc. in conjunction with the CMS and the authors of this report in 
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order to produce an analytical file of costs associated with health care resources used by 

participants in the Sonya Slifka Longitudinal Multiple Sclerosis Study with the explicit purpose of 

estimating the cost-effectiveness of the disease-modifying therapies. This sample included only 

those patients who represented the Medicare population receiving these therapies. 

At the time of the analysis, the Sonya Slifka study sample consisted of 2,156 people with MS who 

have been shown to be representative of the MS population in the US.31 Owing to the lack of 

empirical evidence on the efficacy of the disease-modifying therapies in PPMS and RPMS, the 

ScHARR MS cost-effectiveness model estimates the cost-effectiveness of these therapies in the 

management of RRMS and SPMS. Therefore, a subset of the wider Sonya Slifka dataset was 

identified and selected for use in the model. This sample consisted of those patients with a RRMS 

or SPMS disease course who had received the same disease-modifying therapy for at least six 

months prior to the 12-month interview, as agreed with the CMS. 

A large range of resource use items were collected and contained within the Slifka dataset;30 these 

included direct costs such as hospitalizations, outpatient and emergency room visits, treatments, 

laboratory tests, health care professional visits and medications. The dataset also included indirect 

cost items (See “Key Definitions”) such as lost productivity costs for patients and carers, and the 

costs of consuming social and health services, for example home modifications. Where possible, 

unit costs were assigned to resource use items based upon the reimbursed amount. For the 

majority of resource utilization items, unit cost estimates were obtained from Medicare claim files 

provided by the CMS. Drug costs were obtained from the 2005 Red Book. The resulting cost file 

produced by ABT Associates, Inc. provided an estimate of the costs of care associated with 9 

Activities of Daily Living (ADL) categories, as shown in Table 23 (See Appendix 7). 

For the purpose of the modeling exercise, two adjustments were made to the direct costs contained 

within the Slifka dataset owing mainly to the small number of respondents included in the sample. 

First, monitoring costs were estimated for patients with a confirmed diagnosis of MS but no 

physical or mental signs of impairment (ADL 1). These were assumed to include a general check

up, 1-2 visits to MS specialists, a blood count and an MRI scan. This monitoring cost was 

estimated to be approximately $870 per patient per year. This monitoring cost was added to the 

costs of care for patients in ADL 1 estimated from the Slifka sample, resulting in a total estimated 

cost of $3,196. Secondly, the costs associated with managing patients with very severe disease 

(ADL 9) appeared to be both underrepresented (n=1) and underestimated within the Slifka dataset. 

It is possible that this is a result of informative censoring, whereby those patients with more severe 

disease may be less likely to respond to the Slifka survey. In order to account for this potential 

bias, it was assumed that these patients would require indefinite nursing home care. The annual 

cost of a private room in a nursing home was taken from a survey reported by Metlife Market 
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Research.56 Additional costs of MS-specific care for these patients were assumed to be similar to 

the non-hospitalization costs observed within the Slifka dataset. Indirect cost data were available 

from the Slifka dataset although these appeared to be underestimates; in the absence of more 

robust estimates within the literature, indirect costs were excluded from the cost-effectiveness 

analysis. 

The mean costs associated with health care resources consumed according to ADL category from 

the Slifka dataset are shown in Table 23. These cost estimates include the assumptions for those 

patients who were minimally disabled and those patients who were severely disabled, as described 

above. 

Table 23 Mean estimated annual cost of care according to ADL category within the Sonya Slifka 

dataset30;31 

ADL category Unweighted number 
of respondents (2005 
data) 

Estimated direct 
costs 

1-No MS Symptoms 3 $3,126† 

2-Mild Symptoms, Non-
Limiting 

225 $21,153 

3-Mild Symptoms, Not 
Affecting Walking 

298 $35,791 

4-Prob Walking, No Aid 107 $44,743 
5-25 Ft Without Aid 85 $37,016 
6-1 Side Support 111 $51,641 
7-2 Side Support 30 $26,142 
8-Wheelchair/Scooter 48 $42,814 
9-Bedridden 1 $103,592† 

Table key 
†Derived through adjustments described above 

ABT Associates, Inc. kindly provided standard errors surrounding the mean number of times each 

resource item was utilized, as well as standard errors surrounding the proportion of patients 

utilizing each health care resource item. Uncertainty surrounding these cost estimates was 

explored by assigning lognormal distributions to describe the number of times each health care 

resource item was utilized, and beta distributions to describe the proportion of patients in the 

sample who utilized each resource item. Monte Carlo sampling methods (5,000 random samples 

of ADL-specific costs) were then used to estimate the 2.5th and 97.5th percentiles for the cost 

associated with each ADL category. Figure 5 shows the mean, 2.5th and 97.5% percentile costs 

associated with each ADL category. 
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The Sonya Slifka dataset contains health care resource use associated with ADL categories, while 

the ScHARR MS cost-effectiveness model describes disease severity in terms of the EDSS. 

Consequently, it was necessary to map the costs associated with individual ADL categories to the 

EDSS. As there were no EDSS-ADL paired data, the mapping had to be constructed descriptively 

rather than analytically. The EDSS is detailed in Appendix 1; a description of the ADL categories 

used within the Slifka dataset is presented in Appendix 7. 

Mapping the Sonya Slifka data onto the EDSS  
The first stage of the mapping process was to identify any ADL categories and EDSS states that 

were direct or partial matches. Two of the authors (CMcC and PT) undertook this assessment 

independently. Each assessor then identified a preferred match for each ADL state on the EDSS 

scale; the two assessments were then compared and a final agreed descriptive mapping was 

produced. As the EDSS has 20 states and ADL has only 9 states, it was necessary to map 

individual ADL categories to more than one EDSS state. The implication is that the cost analysis 

will be less sensitive than if EDSS-specific cost data were available. 

Only two direct mappings for ADL categories and EDSS states were identified, although several 

other ADL categories were broadly reflected by EDSS states. ADL level 1 was mapped directly to 

EDSS 0, and ADL 9 was mapped directly to EDSS 9.0 and above. In addition, ADL 3 was 

descriptively similar to EDSS 3.0; both of these classifications describe a state of symptomatic 

MS that does not impact upon walking. ADL 8 is descriptively similar to EDSS 7.0, as both 
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classifications describe the reliance of the patient on a wheelchair. ADL 6 was mapped to EDSS 

6.0, as unilateral support is a defining characteristic in both states. Similarly, ADL 7 was mapped 

to EDSS 6.5 as bilateral support is a defining characteristic in both states. Logically, ADL 2 lies 

between EDSS states 0 and 3.0. The cost-effectiveness model assumes that ADL 2 relates to the 

range of EDSS states between 1.0 and 2.5.  

Mapping ADL categories 4 and 5 to specific EDSS states or ranges of states was problematic. The 

mapping decisions described above ensured that these two states lie somewhere between EDSS 

3.5 and EDSS 5.5. However, ADL categories 4 and 5 are not logically distinct, as having 

problems walking without aid (ADL 4), and being able to walk 25 feet without aid (ADL 5) are 

distinct only to the degree that being able to walk more than 25 feet without aid is still considered 

to be a problem. This distinction is almost certainly dependent upon the nature of an individual’s 

daily activities; if the individual never needs to walk more than 25 feet, then ADL 5 could be 

better than ADL 4. For this reason, cost data relating to ADL 4 and 5 were pooled. This pooled 

ADL category was mapped to the first EDSS state in which the patient is not being fully 

ambulatory; that is EDSS 5.0. The assumed mapping between the ADL categories and EDSS 

states is presented in Table 24. 

Table 24  Assumed mapping of ADL against EDSS 

EDSS state7 Sonya Slifka ADL category 
(2005 data) 

0 1 
1 2 
1.5 2 
2 2 
2.5 2 
3 3 
3.5 3 
4 3 
4.5 3 
5 Pooled 4 & 5 
5.5 Pooled 4 & 5 
6 6 
6.5 7 
7 8 
7.5 8 
8 8 
8.5 8 
9 9 
9.5 9 
10 Death due to MS (n/a) 

As the Sonya Slifka data cover only a proportion of the range of EDSS health states, an EDSS-

cost model was fitted to the Slifka data using simple linear regression analysis. In order to account 
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for potential bias in the small number of patients who populate the more severe ADL categories, 

greater weight was given to those ADL categories with a greater number of patients (ADL 

categories 1-5). Standard errors for the regression coefficients were estimated analytically using 

Monte Carlo sampling techniques in order to describe a similar degree of uncertainty surrounding 

the mean ADL cost estimates. Figure 6 shows the mean cost estimates from the Slifka dataset 

mapped onto the EDSS, together with the 2.5th and 97.5th percentile costs for each ADL category 

estimated from the probabilistic ADL cost model. These data are presented alongside the results of 

the regression model used to estimate the relationship between direct costs and increasing MS 

disability. 

Figure 6 Mapped EDSS direct cost estimates and regression output including uncertainty 

estimates 
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Based upon the ADL-EDSS mapping process, the expected pattern of increasing resource use 

together with MS disability is not obvious from the Sonya Slifka dataset. This may be a result of 

the limitations in the relationship between the ADL and the EDSS, the exclusion of nursing care 

costs from the Slifka dataset, and the declining number of respondents in the more severe ADL 

categories. A simple straight line relationship was assumed between EDSS progression and the 

associated costs of care, and wide uncertainty was incorporated within the probabilistic sensitivity 

analysis to account for the uncertainty surrounding the relationship between costs of care and MS 

disability. The absence of robust evidence on the relationship between the EDSS and the costs of 

care in the US is clearly a limitation of this health economic analysis. 
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5.6.8.3 Costs associated with MS relapse 
The Sonya Slifka dataset did not explicitly identify those health care resources consumed in the 

general costs of caring for individuals with MS in remission, and those costs associated with 

temporal relapses. However, as one of the principal measures of clinical efficacy of the disease-

modifying therapies derives directly from their impact in terms of reducing the frequency of 

relapses (and consequently the costs associated with managing these exacerbations), it was 

important to delineate this cost from the general costs of MS care. The costs associated with the 

management of MS relapse may be incorporated within the cost estimates derived from the Slifka 

dataset, which may lead to the overestimation of EDSS-specific costs within the model. 

The cost of managing a relapse was derived from a study reported by O’Brien and colleagues.57 

O’Brien et al undertook a direct cost analysis and cost modeling to estimate the costs associated 

with low-, medium- and high-level management of MS relapses based upon data obtained from all 

payer inpatient, ambulatory, and emergency room databases from several states, fee schedules, 

government reports, and associated literature.57 O’Brien estimated that the cost of relapse varied 

considerably depending on the level of management required. The authors estimated that cost of 

managing a mild MS relapses was $283, while the cost of medium- and high-level management of 

relapses were $1,847 and $12,870 respectively.57 A weighted cost of relapse for use in the cost-

effectiveness model was estimated by applying the proportion of mild, moderate and severe 

relapses observed within the placebo-controlled RCT of IFNβ-1b 8MIU in the treatment of 

RRMS.15 This weighted cost of MS relapse was estimated to be $3,158. This cost is similar to the 

cost of relapse assumed within the earlier 2001 assessment of disease-modifying therapies for MS 

undertaken on behalf of NICE.39;40 

5.6.9 Discounting 
Good practice in health economic evaluation requires that costs and benefits that occur in the 

future are given less weight than those that occur in the present. Within the base case model, both 

costs and health outcomes are discounted at 5%.58 Sensitivity analysis was also undertaken using 

discount rates of 0% and 3% for both costs and health effects. 

5.6.10 Uncertainty analysis 
The costs and effects of disease-modifying therapies in the management of RRMS and SPMS are 

subject to considerable uncertainty. The following sensitivity analyses were undertaken: 

§ Structural scenario analysis to explore the impact of alternative assumptions concerning 

the appropriate time horizon for the analysis; 

§ One-way sensitivity analysis to identify the key determinants of cost-effectiveness; 

§ Scenario analysis using the mixed treatment comparisons which incorporated evidence 

concerning the comparative efficacy of IFNβ-1b 8MIU, IFNβ-1a 6MIU and IFNβ-1a 

44μg (See Sections 4.7-4.8, and Table 19). 
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§ Probabilistic (Monte Carlo) sensitivity analysis to explore the impact of second-order 

uncertainty surrounding mean parameter values on marginal cost-effectiveness outcomes.  

5.6.10.1 Structural scenario analysis 
The most appropriate time horizon for the economic evaluation of disease-modifying therapies in 

the management of MS is unclear; existing evaluations have used time horizons ranging from 2 

years to the lifetime of MS patients. While the base case analysis assumes a lifetime horizon for 

the analysis, further scenario analysis was undertaken whereby time horizons of 5, 10, and 20 

years were modeled. As the model assumes that benefits in terms of progression avoided are 

retained by patients who receive disease-modifying therapy even when they drop off therapy, 

longer time horizons present more favorable cost-effectiveness estimates, while shorter time 

horizons are less affected by this assumption, thus cost-effectiveness estimates are less favorable.  

5.6.10.2 One-way sensitivity analysis 
A number of one-way sensitivity analyses were undertaken to explore the impact of changing 

individual parameter values on central estimates of cost-effectiveness. First, the impact of 

treatment cessation upon progression to EDSS 7.0 on marginal cost-effectiveness estimates was 

considered. Due to the uncertainty surrounding the relationship between MS disability and the 

costs of care, a sensitivity analysis was undertaken whereby an exponential relationship between 

MS disability and costs of care was assumed, as reported for the earlier UK analysis.41 Illustrative 

sensitivity analysis was undertaken to explore the impact of avoiding relapse and progression on 

cost-effectiveness estimates. Other sensitivity analyses included varying the costs of relapse, 

varying drop-out rates, and varying assumptions concerning the discount rates for health effects 

and costs. 

5.6.10.3 Scenario analysis using mixed treatment comparisons 
The base case analysis presented within this report is restricted only to the placebo-controlled 

trials in RRMS and SPMS which met the inclusion criteria for this review. Further sensitivity 

analysis was undertaken to explore the impact of the modified treatment effectiveness estimates 

generated using mixed treatment comparisons (see Table 19) on cost-effectiveness estimates. 

5.6.10.4 Probabilistic sensitivity analysis 
In recent years, considerable research effort has been devoted to methods for describing 

uncertainty surrounding the costs and effects of healthcare interventions using probabilistic 

sensitivity analysis (See “Key Definitions”).59-62 While confidence intervals are typically used to 

express uncertainty surrounding estimates of clinical efficacy, the use of confidence intervals to 

describe uncertainty surrounding mean cost-effectiveness ratios is problematic as the cost per 

QALY ratio does not exist on a continuous scale. More recently, the use of Cost Effectiveness 
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Acceptability Curves (CEACs) to represent parameter uncertainty has become standard practice in 

health economic evaluation. Each CEAC shows the likelihood that a treatment option produces the 

greatest amount of net benefit (See “Key Definitions). A simple algorithm for generating CEACs 

is presented in Box 2. 

Box 2 Algorithm for generating Cost Effectiveness Acceptability Curves  

(1) Describe second-order uncertainty surrounding all uncertain model parameters by 

assigning a unique parametric distribution (e.g. normal, lognormal, beta, Dirichlet); 

(2) Use Monte Carlo techniques to sample from all parameter distributions simultaneously 

over a large number of random iterations; 

(3) Calculate net benefits of each treatment option for a plausible range of willingness-to-pay 

values; 

(4) For each possible willingness-to-pay value, calculate the proportion of random samples 

for which the given treatment option results in the greatest amount of net benefit; 

(5) Repeat Step (4) for all treatment strategies. 

(6) Plot the probability of being cost-effective at each plausible willingness-to-pay threshold 

over the entire range of threshold values 

Probabilistic sensitivity analysis was undertaken using the MS cost-effectiveness model in order to 

explore the impact of second-order uncertainty surrounding all mean parameter values on the 

marginal cost-effectiveness of each of the therapies. This was undertaken by describing parameter 

values within the model using probability distributions, and by randomly sampling from all 

uncertain distributions simultaneously using Monte Carlo simulation routines over 2,000 

iterations. As noted throughout the systematic review of clinical effectiveness (See Chapter 4), the 

majority of published RCTs do not provide confidence intervals or standard errors surrounding 

relative relapse rates or relative hazard ratios for disease progression. In order to resolve this issue, 

the description of uncertainty surrounding treatment effectiveness outcomes was undertaken 

through a process of consultation with clinical experts, NICE and other stakeholders in 2001. 

Within this analysis, this description of uncertainty was based on outcome data reported within the 

published study reports and augmented using the earlier estimates derived within the 2001 NICE 

appraisal.39 

The results of the Monte Carlo sensitivity analysis are presented as marginal CEACs, which 

provide information on the likelihood that each individual disease-modifying therapy results in 

more net benefit than best supportive care alone. Probabilistic sensitivity analysis was undertaken 

for two of the analyses: (1) the base case model assumptions; and (2) the scenario in which all 

patients are assumed to discontinue treatment with disease-modifying therapy upon progression to 

EDSS 7.0. 
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6.0 Health economic results 
6.1 Introduction 
This chapter reports the results of the health economic analysis. Section 6.2 presents the central 

estimates of cost-effectiveness derived from the deterministic model based upon the treatment 

effectiveness evidence from the placebo-controlled trials only (See Table 18). Section 6.3 presents 

a series of sensitivity analyses to demonstrate the impact of treatment cessation upon progression 

to EDSS 7.0, varying assumptions concerning the time horizon used to evaluate marginal costs 

and effects, and alternative parameter values on the central estimates of cost-effectiveness. In 

addition, this section presents an analysis of the cost-effectiveness of the disease-modifying 

therapies using modified treatment effectiveness estimates informed by the head-to-head RCTs of 

disease-modifying therapies (See Table 19). Section 6.4 presents the results of the probabilistic 

sensitivity analysis for the base-case analysis, as represented by marginal CEACs. 

6.2 Central estimates of cost-effectiveness 
6.2.1 Central estimates of cost-effectiveness based on evidence from the 

placebo-controlled trials 
Table 25 presents the central estimates of cost-effectiveness according to the base case model 

assumptions. These estimates assume a direct health care payer perspective and use a lifetime time 

horizon. 

Table 25 Marginal cost-effectiveness of disease-modifying therapies compared to best supportive 

care using placebo-controlled trial evidence (direct health care payer perspective, lifetime 

horizon) 

Treatment option Per patient results Marginal results versus best supportive 
care 

Cost QALYs Cost QALYs Cost per QALY 
gained 

Physician-administered IFNβ-1a 
6MIU (Avonex) 

$806,762 2.87 $53,198 0.47 $112,531 

Self-administered IFNβ-1a 6MIU 
(Avonex) 

$802,823 2.87 $49,259 0.47 $104,199 

IFNβ-1a 22μg (Rebif) $813,328 2.70 $59,764 0.30 $198,483 
IFNβ-1a 44μg (Rebif) $812,547 2.85 $58,983 0.45 $131,949 
IFNβ-1b 8MIU (Betaseron) for 
RRMS 

$806,241 2.72 $52,677 0.32 $164,096 

GA 20mg (Copaxone) $802,334 2.55 $48,770 0.15 $332,006 
IFNβ-1b 8MIU (Betaseron) for 
RRMS and SPMS 

$897,264 2.89 $143,700 0.49 $295,186 

Best supportive care $753,564 2.40 - - -

The base case model results presented in Table 25 suggest that IFNβ-1a 6MIU is expected to 

produce an additional 0.47 QALYs at an additional cost of $53,200 when compared to best 
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supportive care; the resulting central estimate of marginal cost-effectiveness for IFNβ-1a 6MIU 

versus best supportive care is estimated to be approximately $112,500 per QALY gained. This 

estimate is slightly more favorable when IFNβ-1a is self-administered, offering savings of around 

$3,900 per patient over the equivalent treatment administered by a physician, which results in a 

marginal cost-effectiveness of approximately $104,200 per QALY gained. However, it is crucial 

to note that the clinical efficacy evidence for IFNβ-1a 6MIU available within the public domain 

was not based on an ITT analysis. IFNβ-1a 22μg is expected to produce an additional 0.30 

QALYs at an additional cost of $59,800 when compared to best supportive care; this results in a 

mean cost-effectiveness estimate for IFNβ-1a 22μg versus best supportive care of approximately 

$198,500 per QALY gained. IFNβ-1a 44μg is estimated to produce an additional 0.45 QALYs at 

an additional cost of $59,000 when compared with best supportive care; the marginal cost-

effectiveness for IFNβ-1a 44μg versus best supportive care is estimated to be approximately 

$131,900 per QALY gained. 

Within its RRMS indication, the base case analysis suggests that IFNβ-1b 8MIU is expected to 

produce an additional 0.32 QALYs at an additional cost of $52,700 when compared to best 

supportive care; this results in a marginal cost-effectiveness ratio of $164,100 per QALY gained. 

When disease-modifying therapy is assumed to continue upon progression to SPMS, IFNβ-1b 

8MIU is expected to produce an additional 0.49 QALYs at an additional cost of $143,700 when 

compared to best supportive care alone; the estimated marginal cost-effectiveness ratio for IFNβ

1b 8MIU versus best supportive care is estimated to be $295,200 per QALY gained. GA 20mg is 

expected to produce an additional 0.15 QALYs at an additional cost of $48,800; the resulting 

marginal cost-effectiveness ratio for GA 20mg versus best supportive care is estimated to be 

$332,000. 

The estimates presented in Table 25 were derived using the distributional mean values for all 

model parameters. As all model parameters are subject to ubiquitous uncertainty, Section 6.3 

presents simple sensitivity analysis, including the modified treatment effectiveness estimates 

based upon the placebo-controlled and head-to-head trials of IFNB-1a and IFNB-1b presented in 

Chapter 4 (See Table 19). The impact of joint uncertainty surrounding the mean values of all 

model parameters on the marginal cost-effectiveness of these therapies was explored using 

probabilistic sensitivity analysis (See Section 6.4). 

6.3 Simple sensitivity analysis 
6.3.1 Impact of stopping treatment at EDSS 7.0 
In clinical practice it is usual to continue treatment with disease-modifying therapy until the 

patient reaches a certain level of disability (around EDSS 6.5 or EDSS 7.0). However, owing to 

the absence of US clinical guidelines concerning this discontinuation strategy, the base case model 
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assumes that patients may receive treatment in any state irrespective of severity. This assumption 

is supported by the fact that the Sonya Slifka sample used to generate cost estimates included a 

small number of patients who would have had an EDSS score greater than 7.0. 

Table 26 shows the impact on marginal cost-effectiveness of assuming that all patients are 

withdrawn from therapy at EDSS 7.0. 

Table 26  Impact of EDSS 7.0 discontinuation rule on marginal cost-effectiveness estimates 

Treatment option Per patient results Marginal results versus best supportive 
care 

Cost QALYs Cost QALYs Cost per QALY 
gained 

Physician-administered IFNβ-1a 
6MIU (Avonex) 

$783,905 2.85 $30,341 0.45 $67,666 

Self-administered IFNβ-1a 6MIU 
(Avonex) 

$780,801 2.85 $27,237 0.45 $60,744 

IFNβ-1a 22μg (Rebif) $790,521 2.69 $36,957 0.28 $129,862 
IFNβ-1a 44μg (Rebif) $788,478 2.83 $34,914 0.42 $82,341 
IFNβ-1b 8MIU (Betaseron) for 
RRMS 

$784,869 2.71 $31,305 0.30 $103,122 

GA 20mg (Copaxone) $784,627 2.54 $31,063 0.14 $224,191 
IFNβ-1b 8MIU (Betaseron) for 
RRMS and SPMS 

$808,139 2.84 $54,575 0.44 $124,612 

Best supportive care $753,564 2.40 - - -

Table 26 suggests that when all patients are assumed to stop disease-modifying therapy upon 

progression to EDSS 7.0, the marginal cost-effectiveness of the disease-modifying therapies is 

estimated to be considerably lower than those presented within the base case analysis (see Table 

25). 

6.3.2 Marginal cost-effectiveness using mixed treatment comparisons 

(incorporating effectiveness evidence from placebo-controlled trials 15;21;23 and 

head-to-head trials27;28) 
Table 27 presents the cost-effectiveness estimates based upon the modified relative hazard ratios 

for disease progression and relative relapse rates estimated using data from the placebo-controlled 

trials15;21;23 and head-to-head trials of RRMS.27;28 
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Table 27  Marginal cost-effectiveness of disease-modifying therapies compared to best supportive 

care using modified treatment effectiveness data (direct health care payer perspective, lifetime 

time horizon) 

Treatment option Per patient results Marginal results versus best supportive 
care 

Cost QALYs Cost QALYs Cost per QALY 
gained 

Physician-administered IFNβ-1a 
6MIU (Avonex) 

$807,490 2.62 $53,926 0.22 $248,638 

Self-administered IFNβ-1a 6MIU 
(Avonex) 

$803,626 2.62 $50,062 0.22 $230,822 

IFNβ-1a 22μg (Rebif) $813,328 2.70 $59,764 0.30 $198,483 
IFNβ-1a 44μg (Rebif) $813,079 2.73 $59,515 0.33 $179,895 
IFNβ-1b 8MIU (Betaseron) for 
RRMS 

$804,211 2.96 $50,647 0.56 $91,093 

GA 20mg (Copaxone) $802,334 2.55 $48,770 0.15 $332,006 
IFNβ-1b 8MIU (Betaseron) for 
RRMS and SPMS 

$895,007 3.13 $141,443 0.73 $193,852 

Best supportive care $753,564 2.40 - - -

The use of the modified relative relapse rates and relative hazards of progression estimated using 

the mixed treatment comparisons (the WinBUGS synthesis) results in notably different estimates 

of cost-effectiveness. The cost-effectiveness estimates for IFNβ-1a 6MIU appear markedly less 

favorable than those estimated using the placebo-controlled trial data. The marginal cost-

effectiveness of IFNβ-1a 6MIU versus best supportive care is in the range $104,200 - $112,500 

per QALY gained when based upon the placebo-controlled evidence alone (see Table 25). When 

information from the head-to-head trials is used to modify the estimated effectiveness of this drug, 

the marginal cost-effectiveness of IFNβ-1a 6MIU is estimated to be in the range $230,800 -

$248,600 per QALY gained. The results of the head-to-head analysis of IFNβ-1a 6MIU are 

broadly consistent with the UK commercial-in-confidence ITT analysis of IFNβ-1a 6MIU, 

whereby the marginal cost-effectiveness ratio appears considerably less economically attractive to 

the estimate produced using the placebo-controlled trial estimates of effectiveness (in the UK 

analysis, the public domain cost-effectiveness ratio was £42,000 per QALY gained while the re

analysis using commercial-in-confidence data produced a ratio of £104,000 per QALY gained40). 

The marginal cost-effectiveness of IFNβ-1b 8MIU appears notably better when the model includes 

information from the head-to-head trials;27;28 the adjusted marginal cost-effectiveness of IFNβ-1b 

8MIU was estimated to be approximately $91,100 per QALY gained compared to best supportive 

care. The marginal cost-effectiveness of IFNB-1a 44μg appears to be less favorable when the data 

from the head-to-head trials was incorporated into the model. However, owing to the 

heterogeneity between trials in terms of patient populations and definitions of study endpoints, 

indirect comparisons based upon these modified treatment effectiveness estimates should be 

approached with caution. 
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6.3.3 Impact of time horizon on cost-effectiveness estimates 
As discussed in Section 5.6.10.1, the appropriate time horizon over which to evaluate the costs 

and effects of the disease-modifying therapies is subject to uncertainty. Most of the placebo-

controlled RCTs have used randomized phases of around 2-3 years in duration. For shorter time 

horizons, less extrapolation from the trial data is required, yet this approach ignores possible 

benefits in terms of the postponed progression in more advanced stages of MS. For longer time 

horizons, the extrapolation results in more favorable assumptions concerning the benefits 

attributable to the disease-modifying therapies, yet the extrapolation itself is subject to a greater 

degree of uncertainty. Tables 28-30 present the results of the cost-effectiveness model using time 

horizons of 5-years, 10-years and 20-years respectively.  

Table 28  Marginal cost-effectiveness estimates using a 5-year horizon 

Treatment option Per patient results Marginal results versus best supportive 
care 

Cost QALYs Cost QALYs Cost per QALY 
gained 

Physician-administered IFNβ-1a 
6MIU (Avonex) 

$270,901 1.61 $25,965 0.10 $266,262 

Self-administered IFNβ-1a 6MIU 
(Avonex) 

$268,373 1.61 $23,437 0.10 $240,343 

IFNβ-1a 22μg (Rebif) $277,398 1.57 $32,462 0.07 $494,780 
IFNβ-1a 44μg (Rebif) $274,967 1.61 $30,032 0.10 $309,874 
IFNβ-1b 8MIU (Betaseron) for 
RRMS 

$272,495 1.58 $27,560 0.07 $392,078 

GA 20mg (Copaxone) $273,319 1.54 $28,383 0.03 $892,106 
IFNβ-1b 8MIU (Betaseron) for 
RRMS and SPMS 

$283,473 1.59 $38,537 0.09 $452,478 

Best supportive care $244,936 1.51 - - -

Table 29  Marginal cost-effectiveness estimates using a 10-year horizon 

Treatment option Per patient results Marginal results versus best supportive 
care 

Cost QALYs Cost QALYs Cost per QALY 
gained 

Physician-administered IFNβ-1a 
6MIU (Avonex) 

$486,415 2.40 $30,141 0.25 $118,984 

Self-administered IFNβ-1a 6MIU 
(Avonex) 

$483,057 2.40 $26,783 0.25 $105,729 

IFNβ-1a 22μg (Rebif) $496,899 2.31 $40,625 0.17 $242,674 
IFNβ-1a 44μg (Rebif) $492,209 2.39 $35,935 0.24 $147,333 
IFNβ-1b 8MIU (Betaseron) for 
RRMS 

$490,212 2.32 $33,938 0.18 $190,371 

GA 20mg (Copaxone) $492,864 2.23 $36,589 0.08 $437,035 
IFNβ-1b 8MIU (Betaseron) for 
RRMS and SPMS 

$516,791 2.39 $60,516 0.25 $243,486 

Best supportive care $456,275 2.14 - - -
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Table 30  Marginal cost-effectiveness estimates using a 20-year horizon 

Treatment option Per patient results Marginal results versus best supportive 
care 

Cost QALYs Cost QALYs Cost per QALY 
gained 

Physician-administered IFNβ-1a 
6MIU (Avonex) 

$730,708 2.81 $43,598 0.41 $105,248 

Self-administered IFNβ-1a 6MIU 
(Avonex) 

$726,864 2.81 $39,755 0.41 $95,969 

IFNβ-1a 22μg (Rebif) $740,073 2.66 $52,964 0.27 $198,376 
IFNβ-1a 44μg (Rebif) $736,906 2.79 $49,797 0.39 $126,574 
IFNβ-1b 8MIU (Betaseron) for 
RRMS 

$732,789 2.68 $45,680 0.28 $160,604 

GA 20mg (Copaxone) $732,225 2.53 $45,116 0.13 $342,927 
IFNβ-1b 8MIU (Betaseron) for 
RRMS and SPMS 

$795,119 2.85 $108,009 0.45 $240,280 

Best supportive care $687,109 2.40 - - -

Tables 28-30 indicate that the time horizon over which marginal costs and effects are evaluated is 

a crucial determinant of cost-effectiveness for all of the disease-modifying therapies. The base 

case (lifetime) horizon is broadly similar to assuming a 20-year time horizon, as the majority of 

costs and effects are accrued over this period. However, assuming a shorter time horizon of 5 

years, the marginal cost-effectiveness of all of these therapies is expected to be in excess of 

$240,300 per QALY gained when compared to best supportive care. This phenomenon is the 

direct result of the assumption of the retained benefit of the disease-modifying therapies over time 

(See Section 5.4.2). 

6.3.4 Impact of discount rates on cost-effectiveness estimates 
Table 31 shows the impact of alternative discount rates for costs and health outcomes on the 

marginal cost per QALY gained for each of the disease-modifying therapies compared to best 

supportive care. 

Table 31  Marginal cost-effectiveness estimates assuming various discount scenarios 

Treatment option Undiscounted 
costs and 
outcomes 

Discounted at 
3% for costs 
and outcomes 

Discounted at 
5% for costs 
and outcomes 

Physician-administered IFNβ-1a 
6MIU (Avonex) 

$113,142 $111,138 $112,531 

Self-administered IFNβ-1a 6MIU 
(Avonex) 

$107,159 $103,762 $104,199 

IFNβ-1a 22μg (Rebif) $180,133 $189,174 $198,483 
IFNβ-1a 44μg (Rebif) $128,089 $128,728 $131,949 
IFNβ-1b 8MIU (Betaseron) for RRMS $154,725 $158,466 $164,096 
GA 20mg (Copaxone) $281,166 $309,173 $332,006 
IFNβ-1b 8MIU (Betaseron) for RRMS 
and SPMS 

$354,855 $312,344 $295,186 

Best supportive care - - -
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Table 31 shows that the alternative assumptions concerning discount rates for health outcomes and 

costs has only a minor impact upon the marginal cost per QALY gained for the RRMS treatment 

options. 

6.3.5 Impact of dropout rates on cost-effectiveness estimates 
Table 32 shows the impact of alternative assumptions concerning the therapy dropout rates.  

Table 32  Impact of assumptions concerning drop-out rates on cost-effectiveness 

Treatment option Base case 
dropout rates 
(10% year 1, 
10% year 2, 
3% thereafter) 

Dropout rates 
halved 
(5% year 1,  
5% year 2,  
1.5% thereafter) 

Dropout rates 
doubled 
(20% year 1,  
20% year 2,  
6% thereafter) 

Physician-administered IFNβ-1a 
6MIU (Avonex) 

$112,531 $114,188 $109,640 

Self-administered IFNβ-1a 6MIU 
(Avonex) 

$104,199 $105,665 $101,626 

IFNβ-1a 22μg (Rebif) $198,483 $202,324 $191,924 
IFNβ-1a 44μg (Rebif) $131,949 $134,078 $128,266 
IFNβ-1b 8MIU (Betaseron) for 
RRMS 

$164,096 $167,160 $158,841 

GA 20mg (Copaxone) $332,006 $337,710 $322,369 
IFNβ-1b 8MIU (Betaseron) for 
RRMS and SPMS 

$295,186 $316,972 $261,081 

Best supportive care - - -

Table 32 shows that the assumptions used within the base case analysis have only a minor impact 

upon the estimates of marginal cost-effectiveness for the disease-modifying therapies for RRMS. 

Analyses in which lower dropout rates are assumed would be expected to result in less favorable 

marginal cost-effectiveness estimates. 

6.3.7 Impact of relative relapse rates and relative hazard ratios for disease 

progression on cost-effectiveness estimates 
Tables 33 and 34 demonstrate the impact of alternative assumptions concerning disease 

progression and relapse rates on the estimates of marginal cost-effectiveness for the disease-

modifying therapies compared to best supportive care. As confidence intervals and standard errors 

surrounding the relative hazard ratios for disease progression and relative relapse rates were not 

available from the trial publications (See Section 4.7), the percentage improvements in hazard 

ratios presented here are arbitrary; the intention of this sensitivity analysis is to illustrate the 

impact of potential improvements in disease progression on the marginal cost-effectiveness of 

these therapies compared to best supportive care. 
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Table 33  Illustrative sensitivity analysis surrounding the impact of reduction in disease 

progression on marginal cost-effectiveness estimates  

Treatment option Percentage reduction in relative hazard ratio for disease progression† 

Base case 10% reduction 25% reduction 50% reduction 

Physician-administered 
IFNβ-1a 6MIU (Avonex) 

$112,531 $95,745 $76,287 $53,049 

Self-administered IFNβ-1a 
6MIU (Avonex) 

$104,199 $88,501 $70,259 $48,383 

IFNβ-1a 22μg (Rebif) $198,483 $153,993 $111,928 $70,830 
IFNβ-1a 44μg (Rebif) $131,949 $111,249 $87,886 $60,805 
IFNβ-1b 8MIU (Betaseron) 
for RRMS 

$164,096 $129,082 $94,753 $59,969 

GA 20mg (Copaxone) $332,006 $204,514 $125,384 $68,248 
IFNβ-1b 8MIU (Betaseron) 
for RRMS and SPMS 

$295,186 $244,745 $192,015 $131,310 

Best supportive care - - - -
† Note: The base case progression hazard for IFNβ-1a 6MIU was estimated to be 0.58, therefore a 10% 

improvement in this ratio is estimated to be 0.52. 

Table 34  Illustrative sensitivity analysis surrounding the impact of reduction in relapse rates on 

marginal cost-effectiveness estimates  

Percentage reduction in relative relapse rate 

Treatment option Base case 10% reduction 25% reduction 50% reduction 

Physician-administered 
IFNβ-1a 6MIU (Avonex) 

$112,531 $109,727 $105,649 $99,173 

Self-administered IFNβ-1a 
6MIU (Avonex) 

$104,199 $101,498 $97,570 $91,332 

IFNβ-1a 22μg (Rebif) $198,483 $193,386 $186,046 $174,561 
IFNβ-1a 44μg (Rebif) $131,949 $129,299 $125,429 $119,246 
IFNβ-1b 8MIU (Betaseron) 
for RRMS 

$164,096 $159,909 $153,859 $144,350 

GA 20mg (Copaxone) $332,006 $317,910 $298,362 $269,439 
IFNβ-1b 8MIU (Betaseron) 
for RRMS and SPMS 

$295,186 $288,876 $279,769 $265,472 

Best supportive care - - - -

The hypothetical results presented in Tables 33 and 34 demonstrate that reductions in disease 

progression have a substantial impact upon the cost-effectiveness of these therapies, while 

improvements in relapse rates do not have a marked impact. For example, reducing the relative 

hazard ratio for disease progression for IFNβ-1b 8MIU by 50% would reduce the mean cost-

effectiveness estimate from $164,100 to $60,000 per QALY gained. However, reducing the 

relative relapse rate for IFNβ-1b 8MIU by 50% would reduce the mean cost-effectiveness estimate 

to $144,400 per QALY gained. 
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6.3.7 Impact of relapse cost on cost-effectiveness estimates 
Table 35 demonstrates the impact of alternative assumptions concerning the cost of managing 

relapses on the central estimates of cost-effectiveness, as compared to the base case assumption 

whereby the mean cost of managing a relapse episode was estimated to be approximately $3,158.  

Table 35  Impact of cost of relapse on central estimates of cost-effectiveness 

Treatment option Base case 
(relapse cost = 
$3,158) 

Doubled relapse 
cost (relapse cost 
= $6,316) 

Halved relapse 
cost (relapse 
cost = $1,579) 

Physician-administered IFNβ-1a 
6MIU (Avonex) 

$112,531 $111,827 $112,883 

Self-administered IFNβ-1a 6MIU 
(Avonex) 

$104,199 $103,494 $104,551 

IFNβ-1a 22μg (Rebif) $198,483 $193,292 $201,079 
IFNβ-1a 44μg (Rebif) $131,949 $128,441 $133,703 
IFNβ-1b 8MIU (Betaseron) for 
RRMS 

$164,096 $158,982 $166,653 

GA 20mg (Copaxone) $332,006 $318,748 $338,634 
IFNβ-1b 8MIU (Betaseron) for 
RRMS and SPMS 

$295,186 $290,253 $297,652 

Best supportive care - - -

This sensitivity analysis clearly demonstrates that the cost associated with managing MS relapses 

is not an important determinant of the long-term cost-effectiveness of the disease-modifying 

therapies. 

6.3.6 Impact of alternative EDSS-cost relationship on cost-effectiveness 

estimates 
As noted in Section 5.6.8.2, there is considerable uncertainty surrounding the relationship between 

the EDSS and the costs of care. The base case analysis assumes a straight-line relationship 

between the costs of care and increasing disability as measured by the EDSS. The UK cost-

effectiveness model did not employ this assumption, but instead assumed that costs increase 

exponentially alongside worsening on the EDSS. A further sensitivity analysis was undertaken to 

explore the impact of making this assumption on the estimates of marginal cost-effectiveness 

IFNβ and GA in the US. The costs of care in the UK for each EDSS state were estimated relative 

to the cost of EDSS 9.5. These EDSS-specific multipliers were then multiplied by the cost of 

EDSS 9.5 assumed within the US analysis in order to estimate the cost of care associated with 

each EDSS state. This alternative exponential EDSS-cost function is shown in Table 36. 
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Table 36 Exponential EDSS-cost function based on UK cost-effectiveness model 

EDSS 
state 

UK model 
cost 

US model 
cost 

Multiplier relative 
to EDSS 9.5 

Exponential EDSS-
cost function 

0 £1,059 $3,126 2.11% $2,102 
1 £1,255 $13,295 2.50% $2,489 
1.5 £1,401 $18,380 2.79% $2,779 
2 £1,593 $23,464 3.17% $3,160 
2.5 £1,846 $28,549 3.67% $3,663 
3 £2,179 $33,633 4.34% $4,324 
3.5 £2,618 $38,718 5.21% $5,194 
4 £3,195 $43,802 6.36% $6,340 
4.5 £3,956 $48,887 7.87% $7,849 
5 £4,957 $53,971 9.86% $9,835 
5.5 £6,274 $59,056 12.48% $12,450 
6 £8,009 $64,140 15.94% $15,893 
6.5 £10,294 $69,225 20.48% $20,425 
7 £13,301 $74,309 26.46% $26,392 
7.5 £17,260 $79,394 34.34% $34,248 
8 £22,472 $84,478 44.71% $44,590 
8.5 £29,334 $89,563 58.36% $58,206 
9 £38,368 $94,647 76.34% $76,132 
9.5 £50,262 $99,732 100.00% $99,732 

Table 37 shows the impact of this alternative cost function on estimates of marginal cost-

effectiveness. 

Table 37 Impact of exponential EDSS-cost function on marginal cost-effectiveness estimates 

Treatment option Per patient results Marginal results versus best supportive 
care 

Cost QALYs Cost QALYs Cost per QALY 
gained 

Physician-administered IFNβ-1a 
6MIU (Avonex) 

$575,489 2.87 $40,965 0.47 $86,654 

Self-administered IFNβ-1a 6MIU 
(Avonex) 

$571,550 2.87 $37,026 0.47 $78,322 

IFNβ-1a 22μg (Rebif) $586,065 2.70 $51,541 0.30 $171,175 
IFNβ-1a 44μg (Rebif) $582,026 2.85 $47,501 0.45 $106,264 
IFNβ-1b 8MIU (Betaseron) for 
RRMS 

$578,525 2.72 $44,000 0.32 $137,067 

GA 20mg (Copaxone) $579,093 2.55 $44,569 0.15 $303,407 
IFNβ-1b 8MIU (Betaseron) for 
RRMS and SPMS 

$643,798 2.89 $109,274 0.49 $224,468 

Best supportive care $534,524 2.40 - - -

The assumption of an exponential distribution between the EDSS and costs of care has a 

substantial impact upon the total costs incurred for each treatment option. However, this impact is 

similar across each of the treatment options including best supportive care. The resulting marginal 

cost-effectiveness estimates for each RRMS treatment option are lowered by between $25,700 and 

$28,600 under this assumption.  
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The results presented in Tables 33, 34, 36 and 37 clearly suggest that the impact of the disease-

modifying therapies on disease progression is a key determinant of their cost-effectiveness, while 

reductions in the incidence of relapse do not substantially affect cost-effectiveness outcomes. This 

does not mean that the management of relapse is not clinically important, but rather that the effect 

of the disease-modifying therapies in terms of reducing relapse rates does not have a marked 

impact upon their marginal effects and costs. This is an important finding; although the disease-

modifying therapies have all demonstrated a significant reduction in relapse rates compared to 

placebo (See Section 4.8), such treatment benefits offer only minor cost savings and health 

improvements within the broader management of the disease. The analysis of resource use and 

cost data suggests that the costs of disease management generally increase as EDSS worsens, 

while the EDSS utility data suggests that HRQoL decreases as EDSS increases. The results 

presented above are intuitively sensible, as the effect of slowing disease progression delays the 

progression to more disabling states of health which are more expensive to manage and which 

have a more detrimental impact upon the quality of life of patients. Crucially, while this analysis 

demonstrates that the impact of disease-modifying therapy on disease progression has a 

considerable influence upon resulting cost-effectiveness estimates, none of these therapies have 

demonstrated significant improvements in delaying time to sustained disease progression within a 

robust, long-term trial setting. 

6.4 Probabilistic sensitivity analysis 
6.4.1 Probabilistic sensitivity analysis using the base case assumptions 
Table 38 shows the degree of uncertainty surrounding the mean costs and effects of each of the 

disease modifying therapies as well as best supportive care. It should be noted that the standard 

deviations reflect not only the uncertainty surrounding treatment effects, but rather the uncertainty 

surrounding all of the model parameters. 

Table 38  Uncertainty surrounding mean costs and health outcomes for disease-modifying 

therapies and best supportive care – base case scenario 

Treatment option Cost (SD) QALYs (SD) 
Physician-administered IFNβ-1a 6MIU (Avonex) $806,762 ($142,420) 2.87 (1.10) 
Self-administered IFNβ-1a 6MIU (Avonex) $802,823 ($142,308) 2.87 (1.11) 
IFNβ-1a 22μg (Rebif) $813,328 ($143,038) 2.70 (1.09) 
IFNβ-1a 44μg (Rebif) $812,547 ($142,732) 2.85 (1.10) 
IFNβ-1b 8MIU (Betaseron) for RRMS $806,241 ($142,899) 2.72 (1.09) 
GA 20mg (Copaxone) $802,334 ($143,123) 2.55 (1.07) 
IFNβ-1b 8MIU (Betaseron) for RRMS and SPMS $897,264 ($159,565) 2.89 (1.17) 
Best supportive care $753,564 ($142,802) 2.40 (1.04) 

Table 38 clearly suggests that the costs and effects of each of the disease-modifying therapies are 

subject to a considerable degree of uncertainty. Standard deviations for mean costs range from 

around $142,300 to $159,600, while standard deviations surrounding mean QALY gains range 
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1.04 to 1.17. As noted in Section 5.6.10.4, the use of confidence intervals to reflect uncertainty 

surrounding cost-effectiveness ratios is problematic; instead the results of the Monte Carlo 

sensitivity analysis are presented as marginal CEACs.   

Figure 7 shows marginal CEACs for each of the disease-modifying therapies compared to best 

supportive care alone based exclusively upon the treatment effectiveness estimates derived from 

the placebo-controlled trials (See Table 18).15;19;21;23;24 Each CEAC shows the likelihood that each 

of the therapies has a marginal cost-effectiveness ratio compared to best supportive care that is 

better than the range of willingness-to-pay thresholds (See “Key Definitions”) as represented by λ. 

Figure 7  Marginal CEACs for disease-modifying therapies compared to best supportive care 

alone – base case scenario 
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Willingness to pay (λ) 
Beta Interferon 1-a (Avonex, Biogen) -Physician administered Beta Interferon 1-a (Avonex, Biogen) -self administered

Beta Interferon 1-a 22mcg (Rebif, Serono) Beta Interferon 1-a 44mcg (Rebif, Serono)

Beta Interferon 1-b 8MIU: Treating RR (Schering)
 Glatiramer Acetate (Copaxone, TEVA)

Beta Interferon 1-b 8MIU: Treating RR & SP (Schering)


Figure 7 suggests that when patients continue treatment until EDSS 10, the probability that any of 

the disease-modifying therapies has a marginal cost-effectiveness that is better than $60,000 per 

QALY gained when compared to best supportive care alone is 0.10 or lower. The probability that 

any of the disease-modifying therapies has a marginal cost-effectiveness that is better than 

$100,000 per QALY gained when compared to best supportive care alone is around 0.48 or lower. 

To further illustrate the results of the CEACs, Table 39 shows the probability that each of the 

disease-modifying therapies has a cost-effectiveness that is better than $60,000 per QALY gained 

and $100,000 per QALY gained respectively when compared against best supportive care. 
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Table 39  Tabular description of marginal CEACs – base case scenario 

Treatment option Probability cost-
effectiveness is better 
than $60,000 per 
QALY gained 

Probability cost-
effectiveness is better 
than $100,000 per 
QALY gained 

Physician-administered IFNβ-1a 6MIU (Avonex) 7.40% 39.77% 
Self-administered IFNβ-1a 6MIU (Avonex) 9.65% 47.72% 
IFNβ-1a 22μg (Rebif) 0.20% 9.00% 
IFNβ-1a 44μg (Rebif) 1.95% 27.61% 
IFNβ-1b 8MIU (Betaseron) for RRMS 0.60% 15.31% 
GA 20mg (Copaxone) 0.05% 6.55% 
IFNβ-1b 8MIU (Betaseron) for RRMS and SPMS 0.00% 0.10% 
Best supportive care - -

6.4.2 Probabilistic sensitivity analysis assuming treatment cessation upon 

progression to EDSS 7.0 
The sensitivity analysis in which all patients were assumed to cease therapy upon progression to 

EDSS 7.0 presented in Table 26 resulted in a marked improvement in the marginal cost-

effectiveness of all of the disease-modifying therapies (See Section 6.3.1). For this reason, further 

probabilistic sensitivity analysis was undertaken for this scenario. Table 40 shows the mean costs 

and effects and standard deviations for each treatment option when patients are assumed to cease 

therapy upon progression to EDSS 7.0. As noted in Section 6.4.1, the standard deviations reflect 

the uncertainty surrounding all of the model parameters. 

Table 40  Uncertainty surrounding mean costs and health outcomes for disease-modifying 

therapies and best supportive care – treatment discontinuation at EDSS 7.0 

Treatment option Cost  (SD) QALYs  (SD) 
Physician-administered IFNβ-1a 6MIU (Avonex) $783,905 ($135,091) 2.85 (1.10) 
Self-administered IFNβ-1a 6MIU (Avonex) $780,801 ($140,191) 2.85 (1.07) 
IFNβ-1a 22μg (Rebif) $790,521 ($136,145) 2.69 (1.10) 
IFNβ-1a 44μg (Rebif) $788,478 ($135,330) 2.83 (1.10) 
IFNβ-1b 8MIU (Betaseron) for RRMS $784,869 ($135,961) 2.71 (1.09) 
GA 20mg (Copaxone) $784,627 ($136,843) 2.54 (1.09) 
IFNβ-1b 8MIU (Betaseron) for RRMS and SPMS $808,139 ($136,657) 2.84 (1.11) 
Best supportive care $753,564 ($137,577) 2.40 (1.06) 

Table 40 demonstrates that the uncertainty surrounding the mean costs and outcomes for each 

therapy are broadly similar to the base case scenario. Figure 8 presents marginal CEACs for each 

therapy compared to best supportive care, assuming that all patients stop therapy upon progression 

to EDSS 7.0. 
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Treatment option Probability cost-
effectiveness is better 
than $60,000 per 
QALY gained 

Probability cost-
effectiveness is better 
than $100,000 per 
QALY gained 

Physician-administered IFNβ-1a 6MIU (Avonex) 40.67% 71.24% 
Self-administered IFNβ-1a 6MIU (Avonex) 49.87% 76.09% 
IFNβ-1a 22μg (Rebif) 6.90% 35.32% 
IFNβ-1a 44μg (Rebif) 25.16% 61.98% 
IFNβ-1b 8MIU (Betaseron) for RRMS 16.86% 48.97% 
GA 20mg (Copaxone) 5.35% 23.81% 
IFNβ-1b 8MIU (Betaseron) for RRMS and SPMS 1.90% 33.37% 
Best supportive care - -
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Figure 8 Marginal CEACs for disease-modifying therapies compared to best supportive care 

alone – treatment discontinuation at EDSS 7.0 
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Figure 8 suggests that when patients discontinue treatment upon progression to EDSS 7.0, the 

probability that any of the disease-modifying therapies has a marginal cost-effectiveness that is 

better than $60,000 per QALY gained when compared to best supportive care alone is 0.50 or 

lower. The probability that any of the disease-modifying therapies has a marginal cost-

effectiveness that is better than $100,000 per QALY gained when compared to best supportive 

care alone is around 0.76 or lower. To further illustrate the results of the CEACs presented in 

Figure 8, Table 41 shows the probability that each of the disease-modifying therapies has a cost-

effectiveness that is better than $60,000 per QALY gained and $100,000 per QALY gained 

respectively when compared against best supportive care, assuming that patients drop off therapy 

upon progression to EDSS 7.0. 

Table 41  Tabular description of marginal CEACs – treatment discontinuation at EDSS 7.0 
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7.0 Discussion 
7.1 Discussion of clinical effectiveness results 
7.1.1 Impact of therapy upon relapse 
The systematic searches identified nine RCTs which met the inclusion criteria.14;15;19-28 Five of 

these studies14;15;19-23 were placebo-controlled trials in patients with RRMS, and two were 

placebo-controlled trials in patients with SPMS.24-26 The remaining two studies27;28 were head-to

head trials in patients with RRMS. 

All interventions significantly reduced relapse rates when compared with placebo for patients with 

RRMS and for patients with SPMS. IFNβ-1b 8MIU (Betaseron) and IFNβ-1a 44μg (Rebif) both 

reduced relapse rates significantly more than IFNβ-1a 6MIU (Avonex). Based upon the analysis 

of the placebo-controlled RCTs, the relative reduction in relapse rate for treatment versus placebo 

was estimated to be around 30% for IFNβ-1a 44μg (Rebif), IFNβ-1a 22μg (Rebif), IFNβ-1b 8MIU 

(Betaseron) and GA 20mg (Copaxone). The relative reduction in relapse rate was estimated to be 

approximately 18% for IFNβ-1a 6MIU (Avonex) compared against placebo. When evidence from 

the head-to-head trials was included in the analysis, mean reductions in relapse rates for IFNβ-1a 

44μg (Rebif), IFNβ-1a 6MIU (Avonex) and IFNβ-1b 8MIU (Betaseron) appear to be very similar 

to those estimated from the placebo-controlled trials. 

Significant differences in annualized relapse rate were observed in favor of IFNβ-1b 8MIU versus 

placebo within both the European SPMS trial24;25 and the North American trial.26 Within the 

European trial, the mean relative relapse rate for IFNβ-1b 8MIU versus placebo was estimated to 

be 0.69-0.74.24;25 Within the NASPMS trial the estimated mean relative relapse rate was 0.57, 

although a large standard deviation surrounding the annualized relapse rate was reported within 

both study groups.26 

7.1.2 Impact of therapy upon sustained disease progression 
Evidence concerning sustained disease progression within the trials was equivocal. For the 

treatment of RRMS, significant improvements in time to progression were reported for IFNβ-1a 

6MIU,21 IFNβ-1a 44μg,23 and IFNβ-1a 22μg.23 Non-significant differences were reported for the 

proportion of patients without disease progression for patients receiving GA 20mg and placebo.19 

Non-significant differences between treatment and placebo were reported for patients receiving 

IFNβ-1b 8MIU using baseline to confirmed endpoint data.15 

Despite the fact that all of these trials evaluated time to disease progression and reported the 

results of this analysis in terms of statistical significance, none of the studies reported hazard ratios 

(or expressed the uncertainty surrounding mean effects). Instead, these were estimated by the 
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study authors. The relative hazard ratio for progression for GA 20mg versus placebo was 

estimated to be 0.76-0.86. The estimated relative hazard ratio for progression for IFNβ-1a 6MIU 

versus placebo was estimated to be 0.58; however the analysis of this trial was not undertaken 

according to the ITT principle. The relative hazard ratio for progression for IFNβ-1b 8MIU versus 

placebo was estimated to be 0.71. The estimated relative hazard ratios for progression for IFNβ-1a 

44μg and IFNβ-1a 22μg versus placebo were estimated to be 0.60 and 0.72 respectively. 

When evidence from the two head-to-head trials was incorporated within a mixed treatment 

comparison, the estimated relative hazard ratios for progression were notably different to those 

estimated from the placebo-controlled trials alone (estimated hazard ratios for independent and 

mixed treatment comparisons – IFNβ-1a 6MIU 0.58 versus 0.79, IFNβ-1b 8MIU 0.71 versus 0.52, 

and IFNβ-1a 44μg 0.60 versus 0.70 for the placebo-controlled and WinBUGS synthesis 

respectively). The mixed treatment comparisons indicate that the head-to-head estimates of the 

effectiveness of IFNβ-1a 44μg are broadly consistent with the placebo-controlled data, while the 

WinBUGS estimates of the effectiveness of IFNβ-1b 8MIU (Betaseron) appear to be more 

favorable than those obtained from the placebo-controlled trial. By contrast, the head-to-head 

trials indicate that the placebo-controlled data for 6MIU IFNβ-1a result in an overestimate of its 

true effect in terms of delayed progression. However, the results of this analysis should be 

approached with caution due to the presence of known and unknown heterogeneities between the 

trials. 

In SPMS patients, the European study reported a significant increase in time to sustained disease 

progression for those patients receiving IFNβ-1b 8MIU compared to those patients receiving 

placebo.24;25 However, the difference in time to sustained progression between IFNβ-1b 8MIU and 

placebo was reported to be non-significant within the NASPMS trial.26 The relative hazard ratio 

for progression for IFNβ-1b 8MIU versus placebo was estimated to be 0.72-0.93. As with the 

trials of RRMS, these hazard ratios have been estimated by the authors, and standard errors or 

confidence intervals surrounding these hazard ratios were not available from published data.  

7.1.3 Methodological issues concerning the evidence included within the 

review of clinical effectiveness  
The review of clinical effectiveness highlighted a number of concerns regarding the study designs 

used within the included trials. The most pertinent of these were the measurement and 

confirmation of disease progression which differed between the studies, and variations in the 

disease severity of patients recruited into the studies compared to the general MS population. In 

addition, there was concern that the published estimate of effectiveness for one of the disease-

modifying therapies (IFNβ-1a 6MIU, Avonex) was not based upon the ITT principle, but rather 

considers those subjects who completed two years in the trial at the time at which it was stopped. 

It is likely that the published estimate of effectiveness for IFNβ-1a 6MIU is biased in favor of the 
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drug; this suggestion appears to be supported by the results of the mixed treatment comparisons 

model. 

Importantly, the durations for which the clinical benefits of these therapies were evaluated within 

the included studies were short; further long-term follow-up studies are required to reliably 

establish the effect of chronic usage of all of the disease-modifying therapies on MS relapse and 

long-term disease progression. Currently, this remains a critical uncertainty in the evidence base. 

Within this review we prospectively stated that only RCT evidence would be considered for 

inclusion, as this is broadly acknowledged to represent the “gold standard” in study design. As 

noted in Section 3.2.5, there remains on ongoing debate concerning the validity of observational 

data in providing unbiased estimates of treatment effect. Some observational evidence on the long-

term impact of some of the therapies included in this review has been published, for example 10

year follow-up outcomes for patients receiving GA.12 This observational study reported relapse 

and EDSS outcomes for 108 of a possible 232 patients who received at least one dose of GA 

following the commencement of the pivotal randomized placebo-controlled trial of GA.19;20 The 

authors of the study reported that annualized relapse rates for the modified ITT cohort of patients 

while receiving GA declined by approximately 50% compared to annualized relapse rates prior to 

starting therapy.12 In addition, mean EDSS increases were reported to be significantly higher in 

patients who were withdrawn from therapy compared to patients still receiving the drug at 10 

years.12 However, the use of these data to inform treatment effectiveness parameters within a cost-

effectiveness model is problematic. The most substantial difficulty is that a fair comparison of 

long-term outcomes against a balanced control group is not possible from the available data, as 

placebo patients crossed over to GA at the end of the randomized phase. This crossover inevitably 

leads to confounding of outcomes between the two groups. As such, one is directly led to a 

completely unadjusted comparison of 10-year outcomes for GA against other unrelated 

unbalanced long-term natural history MS datasets. However, the potential presence of bias and/or 

confounding in making such comparisons is considerable, and as the authors themselves state, 

these comparisons should be made cautiously.12 

7.1.4 External validity of the clinical trial evidence 
It should be noted that there are issues surrounding the external validity of the clinical trial data 

and its relevance to the MS Medicare population. The MS Medicare population is not 

homogenous, and each beneficiary’s basis for Medicare eligibility may impact treatment decisions 

(Personal communication: Thornston Eickenhorst, Senior Director, Neurology Medical Affairs, 

Biogen Idec, Inc., Cambridge USA). Due to statutory Medicare eligibility criteria, the Medicare 

MS population is comprised primarily of:   

§ individuals over age 65; 

§ individuals under age 65 who are chronically disabled by their MS.  
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This population may also include a small subgroup of: 

§ individuals under age 65 with MS who are disabled by a condition other than their MS;  

§ MS patients who also have kidney disease requiring dialysis. 

The review of clinical effectiveness was undertaken with the primary intention of providing 

unbiased, robust estimates of treatment effectiveness to inform the cost-effectiveness model. It 

should be noted that the treatment effectiveness estimates derived from the trials relate to the 

entire cohort recruited; this may not necessarily reflect the characteristics of the MS Medicare 

population. As noted throughout this report, the standard of reporting is generally weak within 

most of the placebo-controlled trials (particularly those trials which evaluated treatments for 

patients with RRMS), and few studies prospectively identified subgroups for further analysis 

which would allow for the adjustment of published efficacy estimates. While this potentially limits 

the external validity of the clinical and cost-effectiveness analysis, this problem originates from 

the evidence base rather than our analysis. 

7.2 Discussion of health economic results 
7.2.1 Central estimates of marginal cost-effectiveness of IFN β and GA versus 

best supportive care 
The assumptions employed within the health economic analysis favor the disease-modifying 

therapies over best supportive care.  

The base case health economic analysis suggests that the marginal cost-effectiveness of IFNβ-1a 

6MIU (Avonex) versus best supportive care is estimated to be approximately $112,500 per QALY 

gained. This estimate is slightly more favorable when IFNβ-1a is self-administered, offering 

savings of around $3,900 per patient over the equivalent treatment administered by a physician, 

which results in a marginal cost-effectiveness of approximately $104,200 per QALY gained. 

However, the public domain estimates of clinical efficacy for IFNβ-1a 6MIU (Avonex) available 

were not based on an ITT analysis. It is noteworthy that within the UK NICE appraisal, the 

marginal cost-effectiveness of IFNβ-1a 6MIU based upon the commercial-in-confidence treatment 

effectiveness estimates produced a substantially less favorable cost-effectiveness ratio than that 

based upon the public domain estimates of effectiveness.40 The marginal cost-effectiveness of 

IFNβ-1a 22μg (Rebif) versus best supportive care was estimated to be approximately $198,500 per 

QALY gained. The marginal cost-effectiveness of IFNβ-1a 44μg (Rebif) versus best supportive 

care was estimated to be approximately $131,900 per QALY gained. Within its RRMS indication, 

the marginal cost-effectiveness of IFNβ-1b 8MIU (Betaseron) versus best supportive care was 

estimated to be $164,100 per QALY gained. When treatment is assumed to continue upon 

progression to SPMS, the marginal cost-effectiveness of IFNβ-1b 8MIU versus best supportive 

81 



care was estimated to be $295,200 per QALY gained. The marginal cost-effectiveness of GA 

20mg versus best supportive care was estimated to be $332,000 per QALY gained. 

7.2.2 Impact of incorporating head-to-head trials upon the marginal cost-

effectiveness of IFNβ versus best supportive care 
The incorporation of evidence from the head-to-head trials resulted in some marked differences in 

the estimated effectiveness and cost-effectiveness of IFNβ-1a 44μg (Rebif), IFNβ-1a 6MIU 

(Avonex), and IFNβ-1b 8MIU (Betaseron). When synthesized within a mixed treatment 

comparisons model, the effectiveness of IFNβ-1a 6MIU (Avonex) was reduced considerably. 

While IFNβ-1a 6MIU (Avonex) appears to have a comparatively favorable cost-effectiveness 

profile when based upon the placebo-controlled trial data alone, this appears considerably less 

favorable when cost-effectiveness estimates were based also upon evidence from the head-to-head 

trials. While the modified treatment effectiveness estimates should be approached with caution, 

this finding is consistent with the UK commercial-in-confidence ITT analysis of IFNβ-1a 6MIU 

which was notably less favorable than the analysis based on the public domain estimates of 

treatment effect.40 Conversely, the mixed treatment comparison results in better estimates of the 

effectiveness of IFNβ-1b 8MIU (Betaseron), which consequently improve its cost-effectiveness 

profile. The inclusion of the head-to-head trial evidence results in less favorable estimates of 

effectiveness and cost-effectiveness for IFNβ-1a 44μg (Rebif) compared to best supportive care. 

However, owing to heterogeneities in terms of study populations and definitions of outcomes 

between the trials, the results of the mixed treatment comparisons should be approached with 

caution. 

7.2.3 Simple sensitivity analyses 
A number of simple sensitivity analyses were undertaken to identify key determinants of the cost-

effectiveness of IFNβ and GA. While most patients receiving disease-modifying therapy for MS 

stop therapy upon progression to EDSS 7.0, this approach is not prescribed by current US 

guidelines for the management of MS. Therefore, the base case analysis assumes that patients may 

receive treatment irrespective of severity. The most substantial improvement in the marginal cost-

effectiveness of these therapies was observed when all patients were assumed to discontinue 

treatment upon progression to EDSS 7.0. This is particularly relevant to the Medicare MS 

population, who in general, are likely to have more advanced disease than the population of 

patients included in the clinical trials of these products. When this treatment discontinuation 

strategy was assumed, the marginal cost-effectiveness of IFNβ-1a 6MIU (Avonex) versus best 

supportive care was reduced to $67,700 (physician-administered) and $60,700 (self-administered). 

The marginal cost-effectiveness of IFNβ-1a 22μg (Rebif) and IFNβ-1a 44μg (Rebif) versus best 

supportive care was estimated to be $129,900 per QALY gained and $82,300 per QALY gained 

respectively. The marginal cost-effectiveness of GA 20mg (Copaxone) versus best supportive care 
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was reduced to $224,200 per QALY gained. The marginal cost-effectiveness of IFNβ-1b 8MIU 

(Betaseron) versus best supportive care was reduced to $103,100 per QALY gained and $124,600 

per QALY gained for treatment in RRMS and treatment in both RRMS and SPMS respectively. 

In keeping with the earlier UK analysis,39;40 and a review of existing health economic models of 

IFNβ, the sensitivity analysis suggests that the time horizon over which costs and effects are 

evaluated is a crucial determinant of the cost-effectiveness of these therapies. The key assumption 

underpinning the model presented within this study is that all benefits accrued while receiving 

disease-modifying therapy are retained following treatment cessation. For long time horizons (as 

presented within the base case analyses), this assumption has a substantially favorable impact on 

the estimates of cost-effectiveness for all of the disease-modifying therapies. However, for shorter 

time horizons the impact of this assumption is lessened; when the analysis is restricted to a time 

horizon of 5-years, the expected cost-effectiveness estimates for these therapies are in the range 

$240,300 to $892,100 per QALY gained.  

7.2.4 Probabilistic sensitivity analysis 
As noted throughout the systematic review of clinical effectiveness and the health economics 

methods and results chapters, the costs and consequences of disease-modifying therapies for the 

management of MS are subject to considerable uncertainty. Probabilistic sensitivity analysis was 

undertaken to explore the impact of joint uncertainty in all model parameters on marginal cost-

effectiveness estimates.  

Under the base case model assumptions whereby patients are assumed to continue treatment until 

EDSS 10, the probability that any of the disease-modifying therapies has a marginal cost-

effectiveness that is better than $60,000 per QALY gained when compared to best supportive care 

is estimated to be 0.10 or lower. The probability that any of the disease-modifying therapies has a 

marginal cost-effectiveness that is better than $100,000 per QALY gained when compared to best 

supportive care is estimated to be 0.48 lower. On account of the substantial improvement in cost-

effectiveness demonstrated when all patients were assumed to stop treatment upon progression to 

EDSS 7.0, further probabilistic sensitivity analysis was undertaken for this scenario. Under this 

assumption, the probability that any of the disease-modifying therapies has a marginal cost-

effectiveness that is better than $60,000 per QALY gained when compared to best supportive care 

is estimated to be 0.50 or lower. The probability that any of the disease-modifying therapies has a 

marginal cost-effectiveness that is better than $100,000 per QALY gained when compared to best 

supportive care is estimated to be 0.76 or lower. 
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7.3 Further considerations 
7.3.1 Price parity of Rebif IFNβ-1a products 
The cost of the drugs used within the health economic analysis presents some important issues for 

both policy-makers and patients. In the US, Serono offers price parity for both doses of Rebif. 

This has a substantial impact on the relative cost effectiveness of the therapy. In the UK analysis, 

in which the costs were notably different, the 22μg dose was less effective but more cost-effective 

than the 44μg dose, due to its lower acquisition cost. The US analysis presented here suggests that 

the IFNβ-1a 44μg (Rebif) indication has a better cost-effectiveness profile than the 22μg dose; as 

the drug prices are the same, the difference in cost-effectiveness is driven entirely by the greater 

effectiveness of the higher dose. 

7.3.2 Other cost considerations  
There is a difference in the out-of-pocket expenses to patients who receive the therapies under Part 

B and Part D. This equates to 7% of the cost of the drug. In the case of IFNβ-1a 6MIU (Avonex), 

this is an additional $854 per year for patients covered under Part D. This additional cost may 

have implications for patients’ preferences for where and how they receive therapy. In principle 

this may also have implications for compliance amongst patients covered by Part D. In which 

case, the cost-effectiveness under Part D might be different from the results presented above. 

Importantly, the cost-effectiveness model presented here does not include the possibility of 

switching between the disease-modifying therapies. While out-of-pocket expenses may be 

minimized in the first instance, switching to an alternative disease-modifying therapy due to 

adverse events or a lack of clinical benefit may result in additional costs accrued by patients 

themselves. This would also have implications for the cost-effectiveness of different sequences of 

disease modifying treatments. 

7.3.3 Issues surrounding the health economic perspective of the analysis 
It should also be noted that it was originally envisaged that this cost-effectiveness analysis would 

be undertaken purely from the perspective of the CMS. However, the CMS perspective would 

exclude the substantial nursing home costs in later EDSS states, which would lead to a substantial 

underestimate of the cost savings attributable to delayed progression. There would also be an 

imbalance in the analysis as the quality of life gains associated with delayed progression would 

still be considered in full, thus the analyses would be systematically biased. In order to obviate 

such bias, the analysis was undertaken from the perspective of the US health care payer. 
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7.3.4 Combining multiple sources of evidence: the value of decision-analytic 

modeling 
The fundamental principle that underpins decision analytic modeling is that it is better to provide a 

robust, transparent and reproducible analysis using the best available evidence to inform decision 

makers than to leave the decision-makers to implicitly synthesize the set of evidence of which 

they are aware. However, given this rationale, the development of any health economic model 

inevitably involves a compromise between the ideal and making the most of the evidence that is 

available. The validity of the model results is entirely dependent upon the quality of the available 

evidence and the appropriateness of the assumptions used to draw this evidence together. A 

review of health economic analyses of disease-modifying therapies for MS highlighted that 

previous analyses had employed different structural assumptions (some of which were more 

reasonable than others) and various sources of evidence, which consequently led to very different 

estimates of the cost-effectiveness of these therapies.  

Despite the considerable amount of clinical, epidemiological and economic research that has been 

devoted to MS and its management, there remains a substantial degree of uncertainty surrounding 

the true costs and effects associated with each of the disease-modifying therapies. The analysis 

presented here is founded on what we consider to represent the best available evidence and is 

augmented by structural and parametric assumptions which favor the disease-modifying therapies 

over best supportive care. As far as possible, the impact of this uncertainty has been captured and 

explored through the use of sensitivity analysis (See Chapter 6). It is thus crucial that the cost-

effectiveness estimates are interpreted in light of the uncertainties and ambiguities in the evidence 

base. Issues surrounding the limitations of evidence used within this analysis are presented in the 

next section. 

7.4 Limitations of the health economic analysis 
7.4.1 Scope of the model 
The MS cost-effectiveness model presented within this study does not include the possibility of 

switching between the disease-modifying therapies, and assumes that patients receive one therapy 

at a time within label indications. While this is consistent with licensing and the available 

evidence base, these therapies are also being used to manage types of MS for which there little, if 

any, evidence of their efficacy. Therefore, the external validity of the model may be compromised. 

7.4.2 Long-term effectiveness of the disease-modifying therapies  
It should be noted that the model assumes that the efficacy observed in the placebo-controlled 

clinical trials continues as long as the patient stays on therapy. It also assumes that people who 

drop off therapy retain all benefits previously accrued at no further cost. There is limited evidence 
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to support the first assumption and no evidence to support the second. Both assumptions favor 

IFNβ and GA over best supportive care within the cost-effectiveness analysis. As noted within the 

clinical effectiveness review, there is no direct evidence concerning the long-term comparative 

efficacy of any of the disease-modifying therapies in comparison to best supportive care. While 

we have assumed a lifetime horizon for the base case economic analysis, this requires assumptions 

concerning the long-term treatment efficacy of all of the disease-modifying therapies for which 

robust data do not exist. In this case we have assumed that the relative benefit of treatment neither 

increases nor deteriorates beyond the duration of the clinical trials; this is likely to present a bias 

in favor of IFNβ and GA over best supportive care.  

7.4.3 MS management costs  
The data on resource use in the management of MS was obtained using the Sonya Slifka database. 

Unfortunately, the health care utilization data were not classified by EDSS. An alternative 

disability scoring system, the ADL is used. As described in Section 5.6.8.2, the relationship 

between these two systems is not perfect, with limited direct comparability between some of the 

states. As a result, the EDSS-cost function used in the analysis, while we believe it to be 

appropriate given the available data, must be acknowledged as a weakness of the evidence base. It 

should be noted that while the Sonya Slifka dataset is a fairly large and rich source of health care 

utilization data, this is not ideal for the purposes of the cost-effectiveness analysis presented here.  

Importantly, the Sonya Slifka sample was particularly weak in describing the typical health care 

resource use associated with those patients who are minimally disabled and those patients who are 

severely disabled; very few data were available for patients with no physical signs or symptoms of 

MS and for patients who were restricted to a wheelchair or bedridden. Due to the scarcity of data 

in the lowest disability states and the highest disability states, it was necessary to make 

assumptions about typical resource use for patients in these groups. We assumed that patients 

without physical signs or symptoms of MS consumed minimal resources, typically associated with 

disease monitoring. At the other end of the spectrum, it was necessary to make assumptions 

concerning likely resource use for chronically disabled patients who are bedridden. In this 

instance, we assumed that these patients would incur the costs of continuous nursing care in 

addition to the highest resource use costs associated with the most severe ADL state within the 

Slifka dataset. This assumption is consistent with the literature on the use of resources by MS 

patients in nursing homes. However, further robust data on the resource use of the more disabled 

MS population would be valuable for future health economic analyses. 

It is also important to acknowledge that the indirect cost estimates generated using the Slifka 

dataset are very different to those available within the current literature.8;63 Within the Slifka data, 

the highest annual indirect cost estimate was around $1,200; currently available literature however 
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suggests that indirect costs make up a considerably larger proportion of total costs, costing on 

average between $17,00063 and $18,0008 per patient per year. For this reason, indirect costs were 

not included in the analysis. 

7.4.4 Health-related quality of life evidence  
The model uses health utility data collected in Nova Scotia, Canada.32 There are both advantages 

and disadvantages in using these data within the health economic analysis of IFNβ and GA. The 

Nova Scotia HUI3 utility data are notably strong, as they have been measured using a highly 

validated quality of life instrument. Furthermore, in contrast to most other MS utility studies, the 

data cover the whole range of individual EDSS disability states. Interestingly, these data serve to 

validate the relationship between specific states of disability across the EDSS and HRQoL 

previously proposed by Tappenden and colleagues.41 However, these data may not reflect the 

health status of the US Medicare MS population. Whilst utility studies have been undertaken in 

MS patients in the US,37,63 the patients evaluated in these studies did not specifically represent the 

Medicare population. Utility estimates reported within these two studies were consistently higher 

than the Nova Scotia data; the application of these data within the model would inevitably produce 

less favourable cost-effectiveness ratios for all of the disease-modifying therapies compared to 

best supportive care. 

7.4.5 Treatment drop-outs  
The evidence used to inform parameters describing the experience of treatment-related adverse 

events and patient compliance is limited reflecting the paucity of detail available within the 

published trial reports. These parameters have the capacity to change the cost-effectiveness of all 

of the disease-modifying therapies. However, in the absence of good quality empirical evidence, 

these assumptions should be considered favorable to all the disease-modifying therapies. 

7.4.6 Treatment effects which are not reflected on the EDSS 
There a many aspects of the disease that are not captured by the EDSS, for example cognitive 

effects. The degree to which therapy impacts upon any of these factors is not well established and 

empirical evidence is severely lacking. 

7.5 Areas for further research 
The review of clinical effectiveness and the development of the US cost-effectiveness model for 

the disease-modifying therapies highlights a number of areas in which further research is 

warranted. 

•	 Existing RCTs of IFNβ and GA have used trial durations of between 9 months14 and 5 

years.15 Further research concerning the impact of the disease-modifying therapies on 
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disease progression and relapse would be useful. The long-term monitoring of the 

experience of individuals with MS who are receiving disease-modifying therapies is 

currently being monitored as part of the UK Department of Health’s MS risk-sharing and 

monitoring scheme. It is anticipated that this study will follow-up patients receiving these 

disease-modifying therapies for up to 10 years.  

•	 There is a dearth of evidence concerning the effectiveness of sequences of these therapies. 

Further research concerning the clinical effectiveness and cost-effectiveness of alternative 

sequences of disease-modifying therapies is merited. 

•	 The Sonya Slifka dataset is clearly a rich and valuable source of health care utilization 

data for individuals with MS. However, the transposition of these resource use data which 

are based upon a specific ADL scale, onto the EDSS is problematic. The absence of 

robust cost evidence to inform cost-effectiveness models of the IFNβ has been noted 

within previous cost-effectiveness models developed in the US.37 Further research on the 

relationship between the EDSS, health care utilization and costs of MS care would be 

valuable. 

•	 While the Canadian HUI3 data are highly consistent with other utility sources from other 

countries, it is possible that US valuations may differ from those used in this analysis. 

Further information concerning the relationship between EDSS and health utilities within 

the US population may be valuable. 
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8.0 Conclusions 
8.1 Conclusions on the clinical effectiveness of the disease-

modifying therapies for MS 
IFNβ-1a 6MIU (Avonex), IFNβ-1b 8MIU (Betaseron), IFNβ-1a 22μg (Rebif), IFNβ-1a 44μg 

(Rebif) and GA 20mg (Copaxone) demonstrated statistically significant improvements in relative 

relapse rates compared to placebo in the treatment of RRMS. IFNβ-1b 8MIU (Betaseron) and 

IFNβ-1a 44μg (Rebif) both reduced relapse rates significantly more than IFNβ-1a 6MIU (Avonex) 

in the treatment of RRMS. IFNβ-1b 8MIU (Betaseron) has been shown to significantly reduce 

relapse rates compared to placebo in the treatment of SPMS. 

The impact of the disease-modifying therapies on EDSS progression is less clear-cut due to 

difficulties in definition and confirmation of underlying disability status. For the treatment of 

RRMS, IFNβ-1a 22μg (Rebif), IFNβ-1a 44μg (Rebif) and IFNβ-1a 6MIU (Avonex) have 

demonstrated statistically significant improvements in terms of time to sustained EDSS 

progression compared to placebo, although the analysis of IFNβ-1a 6MIU (Avonex) was not 

undertaken according to the ITT principle. Where significant improvements were not 

demonstrated, trends favored the interventions over placebo. The two head-to-head trials suggest 

that IFNβ-1a 44μg (Rebif) and IFNβ-1b 8MIU (Betaseron) improve time to disease progression 

more than IFNβ-1a 6MIU (Avonex) in the treatment of RRMS, although only the difference 

between IFNβ-1b 8MIU (Betaseron) and IFNβ-1a 6MIU (Avonex) was statistically significant. 

For the treatment of SPMS, IFNβ-1b 8MIU (Betaseron) significantly delayed disease progression 

compared to placebo within one trial, but not within the other. 

The modified disease progression hazards for IFNβ-1a and IFNβ-1b, which incorporate evidence 

from the relatively recent head-to-head trials, are notably different to the estimates obtained 

exclusively from the placebo-controlled trials. The advantage of head-to-head trials is that the 

difficulties associated with the definition and measurement of clinical events apply equally to each 

comparator, thus one may have more confidence in the estimate of relative effect. When both the 

placebo-controlled and head-to-head trial evidence were synthesized using mixed treatment 

comparisons, the placebo-controlled evidence for the efficacy of IFNβ-1a 6MIU (Avonex) appears 

to be less convincing than for IFNβ-1a 44μg (Rebif) and IFNβ-1b 8MIU (Betaseron). 

8.2 Conclusions on the cost-effectiveness of the disease-

modifying therapies for MS 
Under the base case assumptions the marginal cost-effectiveness of the disease-modifying 

therapies compared to best supportive care is expected to be greater than $100,000 per QALY 
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gained. The central estimate of cost-effectiveness for IFNβ-1a 6MIU (Avonex) versus best 

supportive care is estimated to be approximately $112,500 per QALY gained. When this therapy 

is self-administered, this results in a slightly more favorable estimate of $104,200 per QALY 

gained. However, this trial was terminated early and the clinical analysis was not undertaken 

according to the ITT principle; the UK cost-effectiveness analysis of IFNβ-1a 6MIU (Avonex) 

suggested that the equivalent ITT estimate would be considerably less favourable than the central 

estimate of cost-effectiveness based upon the public domain data. The central estimates of cost-

effectiveness for IFNβ-1a 22μg and IFNβ-1a 44μg versus best supportive care are estimated to be 

$198,500 per QALY gained and $131,900 per QALY gained respectively. For the treatment of 

RRMS, the central estimate of cost-effectiveness for IFNβ-1b 8MIU versus best supportive care is 

estimated to be $164,100 per QALY gained. When disease-modifying therapy is assumed to 

continue upon progression to SPMS, the central estimate of cost-effectiveness for IFNβ-1b 8MIU 

versus best supportive care is estimated to be $295,200 per QALY gained. The central estimate of 

cost-effectiveness for GA 20mg versus best supportive care is estimated to be $332,000 per 

QALY gained. 

If one assumes that patients discontinue therapy upon progression to EDSS 7.0, the model 

suggests notably more favorable marginal cost-effectiveness estimates for all of the disease-

modifying therapies compared to best supportive care. This finding is of particular relevance to 

the MS Medicare population in the US, who on average are likely to be older and more disabled 

than those patients recruited into the clinical trials from which estimates of efficacy were drawn.  

The central estimates of cost-effectiveness are subject to considerable uncertainty, particularly 

with respect to the long-term impact of these therapies on disease progression. The simple 

sensitivity analysis also demonstrated that the effectiveness of disease-modifying therapy upon 

EDSS progression has a considerable impact upon the cost-effectiveness of these therapies, while 

the impact of therapy upon relapse does not substantially affect cost-effectiveness outcomes. The 

probabilistic analysis of joint uncertainty surrounding all model input parameters suggests a 

substantial degree of uncertainty surrounding the cost-effectiveness estimates presented here. The 

probability that the disease-modifying therapies have a cost-effectiveness ratio that is better than 

$60,000 or even $100,000 per QALY gained is low under the base case scenario. When patients 

are assumed to stop treatment upon progression to EDSS 7.0, the probability that disease-

modifying therapy is preferable to best supportive care under plausible willingness-to-pay values 

is increased considerably. 
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8.3 Concluding remarks 
This assessment is intended to represent the most appropriate and robust analysis of the cost-

effectiveness of the disease-modifying therapies for the US Medicare MS population given the 

best available evidence. However, it is important to acknowledge that the evidence base 

surrounding the clinical and cost implications of the disease-modifying therapies is continuously 

evolving. We look forward to further contributions to the state of knowledge in this area. 
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Appendices 

Appendix 1 Expanded Disability Status Scale (EDSS) 

0 Normal neurological examination 
1 No disability, minimal signs in one FS 

1.5 No disability, minimal signs in more than one FS 
2 Minimal disability in one FS 

2.5 Mild disability in one FS or minimal disability in two FS 
3 Moderate disability in one FS, or mild disability in three or four FS. Fully ambulatory 

3.5 Fully ambulatory but with moderate disability in one FS and more than minimal disability in 
several others 

4 Fully ambulatory without aid, self-sufficient, up and about some 12 hours a day despite 
relatively severe disability; able to walk without aid or rest some 500 meters 

4.5 
Fully ambulatory without aid, up and about much of the day, able to work a full day, may 
otherwise have some limitation of full activity or require minimal assistance; characterized by 
relatively severe disability; able to walk without aid or rest some 300 meters. 

5 Ambulatory without aid or rest for about 200 meters; disability severe enough to impair full 
daily activities (work a full day without special provisions) 

5.5 Ambulatory without aid or rest for about 100 meters; disability severe enough to preclude full 
daily activities 

6 Intermittent or unilateral constant assistance (cane, crutch, brace) required to walk about 100 
meters with or without resting 

6.5 Constant bilateral assistance (canes, crutches, braces) required to walk about 20 meters without 
resting 

7 
Unable to walk beyond approximately five meters even with aid, essentially restricted to 
wheelchair; wheels self in standard wheelchair and transfers alone; up and about in wheelchair 
some 12 hours a day 

7.5 Unable to take more than a few steps; restricted to wheelchair; may need aid in transfer; wheels 
self but cannot carry on in standard wheelchair a full day; May require motorized wheelchair 

8 Essentially restricted to bed or chair or perambulated in wheelchair, but may be out of bed itself 
much of the day; retains many self-care functions; generally has effective use of arms 

8.5 Essentially restricted to bed much of day; has some effective use of arms retains some self care 
functions 

9 Confined to bed; can still communicate and eat. 
9.5 Totally helpless bed patient; unable to communicate effectively or eat/swallow 
10 Death due to MS 

Source: Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded disability status 
scale (EDSS). Neurology. 33(11):1444-52, 1983. 
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Appendix 2 Worked example of progression-free survival 
hazards 

The calculation of relative EDSS progression hazards assumes an exponential survivor function 

whereby 

S (t) = e -a1t [1] 

where S(t) is the probability of survival at a given time-point, alpha is the hazard of EDSS 

progression, and t is time.  

This worked example shows the calculation of the relative EDSS progression hazard for IFNβ-1a 

6MIU (Avonex) versus placebo. 

The text reported in publication of IFNβ-1a 6MIU (Avonex) versus placebo states that “The 

proportion with progression of disability by 104 weeks estimated from Kaplan-Meier curves was 

34.9% in placebo recipients and 21.9% in interferon beta-1a recipients.” 

Therefore at 2 years, the proportion of patients who were progression-free in the intervention arm 

was 78.1% or S(t)= 0.781, while the proportion of patients who were progression-free in the 

placebo arm was 65.1% or S(t)=0.651. 

By rearranging the survivor function for S(t) shown in equation [1], we find that  

α = - 1 
t ln S 

1
(t ) [2] 

Therefore at 2 years, the hazard for IFNβ-1a 6MIU (α1) = -(1/2)*ln(1/0.781) = -0.12359 

If we do the same calculation for the placebo arm, the hazard for EDSS progression in this arm 

(α2) is estimated to be -(1/2)*ln(1/0.651) = -0.21462. 

As the relative hazard is calculated to be α1/α1, the relative progression hazard for IFNβ-1a 6MIU 

(Avonex) versus placebo is -0.12359/-0.21462 = 0.5758. 
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Appendix 3 WinBUGS mixed treatment model code 

This appendix details the WinBUGs syntax and data used to synthesise evidence from the 

placebo-controlled RCTs and head-to-head trials of the disease-modifying therapies in the 

treatment of MS.  

1) WinBUGs EDSS progression hazards model 

1a) Model code 
{for( i in 1 : 10) { 
       #Likelihood and diagnostics 
       r[i] ~ dbin(p[i], n[i]) 
       loga[i] <- mu[s[i]]  + d[1]*equals(t[i],2) + d[2]*equals(t[i],3) + d[3]*equals(t[i],4) 
       rhat[i] <- p[i]*n[i]  

p[i] <- 1 - exp(-w[i]*exp(loga[i]))} 

for (j in 1:5) { mu[j] ~ dnorm(m,tau)  } 

for (k in 1:3)  { d[k] ~ dnorm(0.0,1.0E-6) 

av[k] <- m + d[k] 

a[k] <- exp(av[k])  


       rh[k] <- exp(d[k])} 

dinc <- d[2] - d[3] 

devi <- d[1] - d[3] 

m~dnorm(0,.0001) 


   tau ~ dgamma(.001,.001) 

} 

1b) Initialization code 
list( mu=c(0,0,0,0,0), 

d=c(0,0,0), 
     tau=10,m=0) 

1c) Data  
list(r=c(47.84,72.93,43,56,34.60,49.91,13,28,43,49), 

n=c(184,187,122,122,158,143,96,92,339,338), 
     t=c(2,1,3,1,4,1,3,4,2,4), 
     s=c(1,1,2,2,3,3,4,4,5,5), 

w=c(2,2,5,5,2,2,2,2,0.92,0.92)) 

2) WinBUGs MS relapse model 

2a) Model syntax 

model{ 

for(i in 1:N){ 
y[i]~dnorm(theta[i],tau[i]) 

    tau[i]<-1/w[i] 

} 
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theta[4]<-theta[2]-theta[3]  #theta_BA = theta_BP - theta_AP 
theta[5]<-theta[1]-theta[3]  #theta_RA = theta_RP - theta_AP 

#exp.theta[1]=relative relapse rate of R vs P 
#exp.theta[2]=relative relapse rate of B vs P 
#exp.theta[3]=relative relapse rate of A vs P 
for(i in 1:N){ 

exp.theta[i]<-exp(theta[i])    
} 

#priors 
for(i in 1:3){ 
    theta[i]~dnorm(0, 1.0E-6) 
} 

} 

2b) Initialization code 

list(theta=c(0,0,0,NA,NA)) 

2c) Data† 

list( 

N=5, 

y=c(-0.17019386, -0.15712342, -0.08773905, -0.14612804, -0.07378621), 

w=c(0.0052304, 0.01759812, 0.0179745, 0.03636128, 0.01008547) 

) 


† y = the natural log of the mean relapse rate for the intervention group minus the natural log of 

the mean relapse rate for the placebo group.  

w=1/(expected total relapses in the treatment group)+1/(expected total relapses in the placebo 

group) 
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Appendix 4 List of included and excluded studies 

List of included trials 

Trial Intervention Intervention 2 Placebo Type of MS N 

Comi14 GA 20mg 
Copaxone 

placebo 
injection 

RR 239 

Johnson20 GA 20mg 
Copaxone 

placebo 
injection 

RR 251 

PRISMS23 IFNB-1a 22μg 
Rebif 

IFNB-1a 44μg 
Rebif 

placebo 
injection 

RR 560 

INCOMIN27 IFBN-1b 8MIU 
(0.25mg) 
Betaseron 

IFNB-1a 
6MIU/30μg 
Avonex  

none RR 188 

EVIDENCE 28 IFNB-1a 44μg 
Rebif 

IFNB-1a 
6MIU/30μg 
Avonex  

none RR 677 

Jacobs21/ Rudick64 IFNB-1a 
6MIU/30μg 
Avonex 

placebo 
injection 

RR 301 

IFNBMSSG15 IFBN-1b 8MIU 
(0.25mg) 
Betaseron 

(IFBN-1b 
1.6mIU) 

placebo 
injection 

RR 372 

European Study 
Group24 

IFNB-1b 8MIU 
(0.25mg) 
Betaseron 

placebo 
injection 

SP 718 

NASPMS26 IFNB-1b 8MIU 
(0.25mg) 
Betaseron 

(IFNB-1b 5mIU 
per m squared, 
body surface 
area) 

placebo 
injection 

SP 939 
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List of excluded trials 

Excluded trial Reason for exclusion 
Sandberg-Wolheim et 
al65 

Rebif not licensed for SPMS 

SPECTRIMS Study 
Group66 

Rebif not licensed for SPMS 

Cohen et al67 Avonex not licensed for SPMS 
Fernandez et al68 Dose not licensed, natural IFNB 
Patti et al69 Natural interferon, RR and SPMS 
Polman et al70 Oral interferon, not licensed 
Bornstein et al71 Dose not licensed, patients with chronic progressive MS 
Pozzilli et al72 No placebo, neither dose relevant 
European Study Group73 No placebo, only 1 relevant dose/treatment group 
Durelli et al (OPTIMS) 
74 

No placebo, only 1 relevant dose/treatment group, results not yet published 

Rudge et al75 Published as letter only, n=12, mix of MS types 
Itoyama et al76 Abstract only 
Leary et al77 Abstract only, primary progressive MS 
Ozakbas et al78 Abstract only, no placebo, only one relevant dose 
Patti et al79 Comparing IFNB with IFNB in addition to cyclophosphamide, no EDSS data 
Bornstein et al80 Kurtzke score – not EDSS, pre EDSS version 
Jacobs et al81 Modified Kurtzke scale - not EDSS 
Koch-Henriksen et al82 No EDSS data 
Knobler et al83 No EDSS data 
Milanese et al84 No EDSS data, RR and progressive MS 
OWIMS Study Group85 Doesn't report EDSS data (but says measured) 
Galetta et al (CHAMPS) 
86 

Not diagnosed clinically definite MS 

Comi e tal87 Not diagnosed clinically definite MS 
Milanese et al88 Not RCT 
PRISMS Study Group89 Not RCT 
Flechter et al90 Not RCT 
Khan et al91 Not RCT 
Wolinsky et al92 Not RCT 
Fernandez et al93 Not RCT 
Murray et al94 Ongoing trial, no data available yet  
Cook et al95 Ongoing trial, no data available yet  
Bencsik et al96 Not RCT 
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Appendix 5 List of model parameters 

Parameter 
group 

Parameter 
name 

Distribution Parameter 1 Parameter 2 Parameter 3 

All Cause 
mortality 

Probability 
female 

Normal 0.67 0.01 

Initial State StartRR0 Normal 221.00 
Distribution StartRR1-0 Normal 55.25 

StartRR1-5 Normal 55.25 
StartRR2-0 Normal 55.25 
StartRR2-5 Normal 55.25 
StartRR3-0 Normal 143.25 
StartRR3-5 Normal 143.25 
StartRR4-0 Normal 143.25 
StartRR4-5 Normal 143.25 
StartRR5-0 Normal 215.00 
StartRR5-5 Normal 215.00 
StartRR6-0 Normal 308.00 
StartRR6-5 Normal 123.00 
StartRR7-0 Normal 67.50 
StartRR7-5 Normal 67.50 
StartRR8-0 Normal 67.50 
StartRR8-5 Normal 67.50 
StartRR9-0 Normal 3.50 
StartRR9-5 Normal 3.50 
StartRR10-0 Normal 0.00 

EDSS cost 
function 

Gradient Normal $10,169 $2,000 
Intercept Normal $3,126 $1,500 

Relapse cost Cost of relapse Lognormal 7.56 1.00 
DMT costs Cost Avonex N/a $12,438.57 

Cost Rebif 
22mcg 

N/a $13,965.83 

Cost Rebif 
44mcg 

N/a $13,965.83 

Cost 
Betaseron 

N/a $12,344.03 

Cost 
Copaxone 

N/a $11,613.38 

Utility curve A Beta 32.13 11.87 -0.59 
parameters alpha Lognormal -0.54 0.19 

beta Lognormal -0.99 0.22 
Relapse utility Disutility for 

relapse 
Normal 0.22 0.09 

Relapse 
duration 

Relapse 
duration 
(days) 

Normal 46.00 10.00 

Beta - sojourn RR0 Lognormal 5.50 0.34 
times RR1 Lognormal 6.20 0.47 

RR1.5 Lognormal 6.20 0.47 
RR2 Lognormal 3.49 0.11 
RR2.5 Lognormal 3.49 0.11 
RR3 Lognormal 2.24 0.09 
RR3.5 Lognormal 2.24 0.09 
RR4 Lognormal 1.56 0.14 
RR4.5 Lognormal 1.56 0.14 
RR5 Lognormal 1.33 0.13 
RR5.5 Lognormal 1.33 0.13 
RR6 Lognormal 1.61 0.14 
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1
1
2
2
3
3
4
4
5
5
6
6
7

RR6.5 Lognormal 1.61 0.14 
RR7 Lognormal 1.40 0.23 
RR7.5 Lognormal 1.40 0.23 
RR8 Lognormal 2.47 0.43 
RR8.5 Lognormal 2.47 0.43 
RR9 Lognormal 1.45 0.83 
RR9.5 Lognormal 1.45 0.83 

Relative 
hazards of 

Relative risk 
Avonex 

Lognormal 0.58 0.19 

EDSS 
Progression 

Relative risk 
22mcg Rebif 

Lognormal 0.72 0.19 

Relative risk 
44mcg Rebif 

Lognormal 0.60 0.19 

Relative risk 
Betaseron 
RRMS 

Lognormal 0.71 0.18 

Relative risk 
Copaxone 

Lognormal 0.86 0.23 

Relative risk 
Betaseron 
SPMS 

Lognormal 0.72 0.18 

Relative risk 
of relapse 

Relative risk 
Avonex 

Lognormal 0.82 0.125 

Relative risk 
22mcg Rebif 

Lognormal 0.71 0.084 

Relative risk 
44mcg Rebif 

Lognormal 0.68 0.084 

Relative risk 
Betaseron 
RRMS 

Lognormal 0.70 0.09 

Relative risk 
Copaxone 

Lognormal 0.70 0.105 

Relative risk 
Betaseron 
SPMS 

Lognormal 0.69 0.09 

Adverse event 
parameters 

Proportion of 
patients 
experiencing 
AEs 

Beta 1.28 2.70 

AE utility 
decrement 

Beta 0.15 2.80 

Dropouts Year 1,2 
dropouts 

Beta 0.80 7.20 

Subsequent 
dropouts 

Beta 0.30 10.00 

Relapse count RelRR0 Lognormal -0.12 0.30 
RelRR Lognormal -0.24 0.30 
RelRR .5 Lognormal -0.38 0.30 
RelRR Lognormal -0.43 0.30 
RelRR .5 Lognormal -0.40 0.30 
RelRR Lognormal -0.49 0.30 
RelRR .5 Lognormal -0.50 0.30 
RelRR Lognormal -0.59 0.30 
RelRR .5 Lognormal -0.64 0.30 
RelRR Lognormal -0.64 0.30 
RelRR .5 Lognormal -0.63 0.30 
RelRR Lognormal -0.66 0.30 
RelRR .5 Lognormal -0.65 0.30 
RelRR Lognormal -0.80 0.30 
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RelRR7.5 Lognormal -0.86 0.30 
RelRR8 Lognormal -1.00 0.30 
RelRR8.5 Lognormal -1.13 0.30 
RelRR9 Lognormal -1.22 0.30 
RelRR9.5 Lognormal -1.30 0.30 
RelSP2 Lognormal -0.50 0.30 
RelSP2.5 Lognormal -0.62 0.30 
RelSP3 Lognormal -0.66 0.30 
RelSP3.5 Lognormal -0.72 0.30 
RelSP4 Lognormal -0.72 0.30 
RelSP4.5 Lognormal -0.79 0.30 
RelSP5 Lognormal -0.86 0.30 
RelSP5.5 Lognormal -0.92 0.30 
RelSP6 Lognormal -1.02 0.30 
RelSP6.5 Lognormal -1.11 0.30 
RelSP7 Lognormal -1.20 0.30 
RelSP7.5 Lognormal -1.28 0.30 
RelSP8 Lognormal -1.38 0.30 
RelSP8.5 Lognormal -1.45 0.30 
RelSP9 Lognormal -1.53 0.30 
RelSP9.5 Lognormal -1.59 0.30 

Mean sojourn 
times in DSS 
states 

RR0 Lognormal 1.11 0.18 
RR1 Lognormal 1.81 0.09 
RR2 Lognormal 1.88 0.05 
RR3 Lognormal 1.30 0.06 
RR4 Lognormal 0.79 0.09 
RR5 Lognormal 0.72 0.10 
RR6 Lognormal 1.26 0.11 
RR7 Lognormal 1.05 0.19 
RR8 Lognormal 2.19 0.34 
RR9 Lognormal 1.45 0.83 
SP2 Lognormal 0.98 0.16 
SP3 Lognormal 0.95 0.09 
SP4 Lognormal 0.52 0.09 
SP5 Lognormal 1.05 0.08 
SP6 Lognormal 1.42 0.07 
SP7 Lognormal 1.68 0.08 
SP8 Lognormal 1.41 0.11 
SP9 Lognormal 1.40 0.21 

DSS - EDSS 
ratios 

RR1 Lognormal -0.23 0.26 
RR2 Lognormal 0.34 0.26 
RR3 Lognormal -0.04 0.26 
RR4 Lognormal 0.35 0.40 
RR5 Lognormal 0.18 0.40 
RR6 Lognormal 0.00 0.40 
RR7 Lognormal 0.00 0.40 
RR8 Lognormal 0.00 0.40 
RR9 Lognormal 0.00 0.40 
SP2 Lognormal 0.00 0.40 
SP3 Lognormal 0.17 0.26 
SP4 Lognormal 0.16 0.20 
SP5 Lognormal 0.03 0.20 
SP6 Lognormal -0.06 0.20 
SP7 Lognormal 0.00 0.40 
SP8 Lognormal 0.00 0.40 
SP9 Lognormal 0.00 0.40 
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Table key Distribution Parameter 1 Parameter 2 Parameter 3 
Normal Mean Standard error N/a 
Lognormal Log of mean Log standard 

error 
“Smoothing” 
coefficient 

Beta Number of 
successes 

Number of 
trials 

“Smoothing” 
coefficient 
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Appendix 6 Disability status scale 


DSS Description 
1 No disability & minimal neurologic sign 
2 Minimal disability - slight weakness or stiffness, mild disturbance of gait or mild 

visual disturbance 
3 Moderate disability - monoparesis (partial or incomplete paralysis affecting one or 

part of one extremity) mild hemiparesis (slight paralysis affecting one side of body) 
moderate ataxia, disturbing sensory loss, prominent urinary or eye symptom, or a 
combination of lesser dysfunction 

4 Relatively severe disability, but fully ambulatory without aid, self sufficient and 
able to be up and about 12 hours a day, does not prevent the ability to work or 
carry on normal living activities, excluding sexual dysfunction 

5 Disability is severe enough to preclude working, maximal motor function involves 
walking unaided up to 500 meters 

6 Needs assistance walking, for example a cane, crutches, or braces 
7 Essentially restricted to a wheelchair but able to wheel oneself and enter and leave 

the chair without assistance 
8 Essentially restricted to bed or a chair, retains many self care functions and has 

effective use of arms 
9 Helpless and bedridden 
10 Death due to MS - results from respiratory paralysis, coma of uncertain origin, or 

following repeated or prolonged epileptic seizures 

Source: Kurtzke JF. On the evaluation of disability in multiple sclerosis. Neurology. 1961: 11(8). 
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Appendix 7 ADL categories used within the Sonya Slifka 
dataset 

ADL category Description 
1 No MS Symptoms 
2 Mild Symptoms, Non-Limiting 
3 Mild Symptoms, Not Affecting Walking 
4 Problems Walking, No Aid 
5 25 Ft Without Aid 
6 1 Side Support 
7 2 Side Support 
8 Wheelchair/Scooter 
9 Bedridden 
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