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Abstract 

Aims: Model how moving from current disease-modifying drug (DMD) prescribing patterns for 

relapsing-remitting multiple sclerosis (RRMS) observed in the United Kingdom (UK) to 

prescribing patterns based on patient preferences would impact health outcomes over time.  

Materials and methods: A cohort-based Markov model was used to measure the effect of 

DMDs on long-term health outcomes for individuals with RRMS. Data from a discrete choice 

experiment were used to estimate the market shares of DMDs based on patient preferences 

(i.e., preference shares).  These preference shares and real-world UK market shares were used 

to calculate the effect of prescribing behavior on relapses, disability progression, and quality-

adjusted life-years (QALYs). The incremental benefit of patient-centered prescribing over 

current practices for the UK RRMS population was then estimated; scenario and sensitivity 

analyses were also conducted. 

Results: Compared to current prescribing practices, when UK patients with RRMS were treated 

following patient preferences, health outcomes were improved. This population was expected 

to experience 501,690 relapses and gain 1,003,263 discounted QALYs over 50 years under 

patient-centered prescribing practices compared to 538,417 relapses and 958,792 discounted 

QALYs under current practices (-6.8% and +4.6%, respectively). Additionally, less disability 

progression was observed when prescribed treatment was based on patient preferences. In a 

scenario analysis where only oral treatments were considered, the results were similar, 

although the magnitude of benefit was smaller. Number of relapses was most sensitive to how 
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annualized relapse rate was modeled; disability progression was most sensitive to mortality 

rate assumptions. 

Limitations: Treatment efficacy estimates applied to various models in this study were based 

on data derived from clinical trials, rather than real-world data; the impact of patient-centered 

prescribing on treatment adherence and/or switching was not modeled.  

Conclusions: The population of UK RRMS patients may experience overall health gains if patient 

preferences are better incorporated into prescribing practices.  

 

Keywords: relapsing-remitting multiple sclerosis, disease-modifying drug, patient preference 

model, prescribing patterns, budget impact 

Short title: Multiple sclerosis patient preference model 

JEL classification codes: I19; I10  
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Introduction 

Multiple sclerosis (MS) is a chronic and progressive disease that typically presents as relapsing-

remitting MS (RRMS), which is characterized by periodic acute exacerbations of disease activity 

(relapses) followed by periods of remission [1-5]. There are several disease-modifying drugs 

(DMDs) available that help control the condition and delay disability progression [5-8]. Given 

the chronic and progressive nature of MS, patients will typically remain on a DMD indefinitely 

[9]; however, it is quite common to switch to another DMD due to a reduction in effectiveness 

and/or the occurrence of adverse events (AEs) on the current DMD [9,10]. Consequently, 

clinicians and patients are faced with selecting an appropriate DMD multiple times during the 

patient’s lifespan. In addition, research has found that adherence varies widely across studies, 

with estimates ranging from 47% to 93% [8,11-14]. Adherence is critically important given that 

it is associated with reduced relapse rates [14-16], improved health-related quality of life [17], 

better physical outcomes [18], and lower healthcare utilization and costs [15,19,20].  

Given the expanding treatment options [21], a large body of research has evolved around 

understanding patients’ preferences for various attributes of DMDs [22-27]. These studies 

suggest that treatment frequency, mode of administration, and likelihood of side effects from a 

DMD are of importance to patients [25-27]. Studies show that patients strongly prefer oral 

administration [22,23,27], particularly when oral treatment dosing is less frequent (e.g., less 

than three times daily) and the treatment has infrequent side effects [26].  

Information on patient preference is also important in facilitating shared decision-making 

between clinician and patient. Specifically, there have been calls for a shift to greater patient 

Acc
ep

te
d 

M
an

us
cr

ipt



 

engagement and shared decision-making in the treatment of MS [28,29]. A recent systematic 

literature review found that shared decision-making significantly increases DMD adherence 

[30]. Patients who feel they do not have a voice in the clinical decision-making process, or lack 

in-depth understanding of the treatment options, are less likely to be adherent and more likely 

to discontinue treatment [30,31]. Unfortunately, the treatment goals of patients and clinicians 

are often not aligned [32]. Hence, taking into consideration the preferences and goals of 

patients is essential when making decisions regarding which DMD to use when initiating 

treatment as well as which DMD to switch to when the need arises.  

The purpose of this study was to examine how moving from current DMD prescribing patterns 

observed in the United Kingdom (UK) to prescribing patterns based on patient preferences 

would impact long-term health outcomes, including disability progression, relapse rate, and 

quality-adjusted life-years (QALYs). Although research on patient preference and shared 

decision-making is invaluable for moving toward a more patient-centered approach to care, no 

study of which we are aware has assessed how taking a more patient-centered approach to 

treatment prescribing would affect long-term patient health outcomes in patients with RRMS. 

In clinical practice, treatment decisions would typically not be made solely by the patient; 

however, it is informative to see how health outcomes would differ if the decision was entirely 

patient-centered. This focus on patient-centered treatment decision-making is in line with the 

spirit of recent initiatives from United States (US) healthcare organizations/agencies such as the 

Patient-Centered Outcomes Research Institute (PCORI) [33], the Food and Drug Administration 

(FDA) [34], and the Centers for Medicare and Medicaid Services Quality Payment Program [35].  
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Methods 

Model overview 

This study modeled the long-term health outcomes of the RRMS population in the UK using a 

cohort-based Markov model that evaluates the incremental clinical benefit of DMDs versus best 

supportive care (BSC) on long-term health outcomes. The analysis followed a multi-step 

approach. First, data from a recent discrete choice experiment (DCE) conducted in the UK and 

Germany was used to calculate the hypothetical market shares of DMDs if they were prescribed 

based on patient preferences (henceforth referred to as preference shares) [36]. Second, a 

Markov model was used to calculate the effect of prescribing behavior (shares) on long-term 

health outcomes including relapses, disability progression, and QALYs. Third, the preference 

shares and current market shares (based on real-world data from patients who received a 

specified treatment in January 2019 [37]) were used in the model to identify the long-term 

health outcomes of patients under patient-centered and current prescribing practices. Lastly, 

the incremental benefit of patient-centered prescribing over current prescribing practices in the 

UK was estimated. The next four sub-sections describe each of these steps in greater detail and 

are accompanied by a visual overview of the study framework in Figure 1. The latter two sub-

sections describe a scenario analysis and various sensitivity analyses that were used to test the 

robustness of the base case findings. 

Insert Figure 1 here 

Acc
ep

te
d 

M
an

us
cr

ipt



 

Step 1. Translated patient preferences to patient-centered treatment market shares 

This study used data extracted from a recent DCE study conducted in the UK and Germany to 

estimate DMD preference shares for all treatments approved at the time that the DCE was 

conducted: alemtuzumab, cladribine tablets, dimethyl fumarate, fingolimod, glatiramer 

acetate, interferon beta-1a, interferon beta-1b, natalizumab, peginterferon beta-1a, and 

teriflunomide [36]. The treatment attributes that were used to evaluate patient preferences 

included administration frequency, location of administration, first administration monitoring, 

relapses, disability progression, immediate side effects, reversible side effects, irreversible side 

effects, monitoring for serious side effects, birth defects/pregnancy risk, and pre-pregnancy 

wait time requirements. This DCE was chosen because it is the most recent study we identified 

which measured the preferences of patients with RRMS in the UK. Further, the study had a 

larger sample size and was inclusive of more DMDs than previous DCEs in this therapeutic area 

[22,24].  

The estimated probability of selecting each treatment were calculated using the individual level 

preference weights/coefficients for each respondent and the treatment with the highest 

predicted probability denoted the most preferred [38,39]. Preference share estimates were 

analyzed conditionally, dependent on whether respondents received treatment with DMDs; ‘no 

treatment’ was not included as a treatment option. The number of respondents who preferred 

each treatment was aggregated to estimate the overall preference shares for each scenario. 

The preference weight estimation was implemented in Stata 15.1 [40]. 
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Step 2. Modeled long-term disease progression in RRMS cohort  

This study used a cohort-based Markov model that compared the long-term effectiveness of 

DMDs to BSC in patients with RRMS. The model structure is similar to the one previously 

published by Hettle and colleagues, but Hettle et al. focused more narrowly on the high disease 

activity (HDA) RRMS population [41]. This model structure was chosen because it incorporates 

different state structures, assumptions on waning effects, and multiple sub-populations of the 

RRMS population. The model was created in Microsoft Excel 2016. 

Model structure 

The model comprised both a natural history module and a treatment-adjusted module. The 

natural history module was based on disability progression and relapse rate data from 

individuals receiving BSC [42-44]. The treatment-adjusted module combined the natural history 

module with data on the comparative efficacy and safety of DMDs versus placebo, where 

placebo was used as proxy for BSC [45]. The natural history model consisted of 11 states: 10 

Expanded Disability Status Scale (EDSS) states and an all-cause death state, representing a 

simplified structure of disease progression that does not differentiate between patients with 

RRMS and secondary progressive MS. This model structure has previously been used in health 

technology appraisals of beta interferons and glatiramer acetate, as well as cladribine tablets 

and ocrelizumab [46-49]. The treatment-adjusted module included the same states as the 

natural history module with an additional 10 EDSS states (i.e., where individuals in the cohort 

are on treatment).  
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In the treatment-adjusted module, all patients in the cohort started on treatment and switched 

to BSC when they discontinued DMDs due to either a treatment-specific AE or disability 

progression to EDSS ≥ 7.0 (i.e., the patient is essentially wheelchair bound and unable to walk 

beyond five meters even with aid). Patients were assumed to stay on BSC for the remainder of 

the study period such that the long-term effects of DMDs on health outcomes could be 

measured. Treatment switching was not modeled.  

The key inputs in the model included disability progression, annualized relapse rate (ARR), 

health utilities, mortality, treatment discontinuation, and treatment waning effect. Each cycle, 

individuals could experience disease progression (move to a higher EDSS state), disease 

improvement (move to a lower EDSS state), remain stable (stay in the same state), or die. 

Disability progression of individuals with RRMS receiving BSC was modeled using Markov state 

transition probability matrices from the British Columbia Multiple Sclerosis (BCMS) registry 

published by Palace and colleagues [42]. In the treatment-adjusted module, these transition 

probabilities were adjusted using hazard ratios (HRs) for 6-month confirmed disability 

progression extracted from an indirect treatment comparison [45]. In addition to changes in 

disability, individuals could experience relapses in each cycle. The ARR for patients on BSC was 

extracted from the placebo arm of the CLARITY trial (mean ARR = 0.34; standard error SE = 

0.20) [44,50], and modeled to decline 22.9% every five years (independent from EDSS state) 

[43]. Similar to disability progression, the reduction in ARR for DMDs were modeled using HRs 

from an indirect treatment comparison [45].  
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To estimate QALYs, we extracted utilities by EDSS state, caregiver disutility, disutility per 

relapse, and disutility due to AEs from the literature. Health utilities by EDSS states were based 

on the EQ-5D data collected in the CLARITY trial and a study by Hawton and Green [44,50,51]. 

The model incorporated a disutility of 0.071 for each relapse as reported by Orme and 

colleagues [52]. Caregiver disutilities by EDSS states were extracted from Alcaster and 

colleagues [53]. The disutility parameters due to AEs were extracted from multiple sources in 

the literature [54-56]. DMDs impacted QALYs through their effects on relapse, disability 

progression, and the incidence of drug-related AEs.  

All-cause mortality was derived by multiplying a standardized mortality rate with age- and sex-

specific rates [57]; the mortality rate was then inflated to account for excess mortality risk 

associated with MS (HR = 1.68; SE = 0.171) [58] and converted to an annual mortality 

probability. DMDs did not affect mortality in the base case analysis. Treatment discontinuation 

rates were extracted from pooled discontinuation data from clinical trials [44,59-72]. 

Individuals were assumed to retain the cumulative benefits of treatment until they 

discontinued treatment or when they progressed to an EDSS state of ≥ 7.0, after which they 

switched to BSC for the remainder of the study period. While on treatment, the effect of 

treatment reduced over time; specifically, treatments maintained 100% of their effect in years 

0 to 2, 75% in years 2 to 5, and 50% in years 5 and on. This approach to waning has been 

previously used in the published literature [41], as well as several models submitted to National 

Institute for Health and Care Excellence (NICE) [54,73,74]. Although alemtuzumab and 

cladribine are short-term courses, for any patient not continuing with the second course after 

the first course, they still receives treatment effects of alemtuzumab and cladribine after the 

Acc
ep

te
d 

M
an

us
cr

ipt



 

second course (so when they are no longer taking medication). This treatment efficacy 

undergoes the same waning schedule as other treatments. Additional detail on each key input 

parameter can be found in Table 1 and the Supplemental Tables referenced therein.  

The primary outcomes of interest were QALYs, relapses, and disability progression. The QALYs 

for individuals were a function of the time spent in each EDSS state (which also incorporated 

caregiver disutility), the number of relapses experienced, and the disutility experienced due to 

AEs. The per-patient number of acute relapses experienced and discounted QALYs were 

estimated yearly and summed over a 50-year time horizon; the average EDSS state was 

calculated yearly. A discount rate of 3.5% for QALYs was assumed, as recommended by NICE 

guidelines [75].  

Study population 

The study population of interest was the RRMS population in the UK. The mean age, proportion 

female, and EDSS state distribution of individuals in the cohort in year 1 was based on patients 

from the CLARITY trial who received either cladribine dosage 3.5mg/kg or placebo (n = 870) 

[44,50]. Mean age was 38.7 years and almost two-thirds (65.9%) of the cohort was female. The 

intention-to-treat population in CLARITY has a similar baseline profile to that of patients 

enrolled to the UK multiple sclerosis Risk Sharing Scheme [42,76] and was therefore considered 

by NICE to be generalizable to clinical practice in the UK [77]. 
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Step 3. Modeled how patient-centered and current prescribing practices affect health 

outcomes 

The DMD preference shares estimated in step 1 were incorporated into the model in step 2. 

Current market shares obtained from the Specialist Share Data from Wilmington Healthcare 

[37], which were based on patients who received a specified treatment in January 2019, were 

also incorporated into the model. Outcomes were modeled as the weighted sum of each 

outcome of all treatments of interest, both annually and over the entire 50-year time horizon of 

the model.  The weights were determined by the DMD market shares based on prescribing 

patterns or preference shares. Total discounted QALYs per patient over 50 years, average 

number of relapses per patient over 50 years, and mean EDSS per year were calculated.   

Step 4. Estimated the incremental benefit of patient-centered prescribing versus current 

practices on health outcomes for the UK RRMS population 

Finally, this study calculated the difference between patient-centered prescribing practices 

compared to current prescribing practices for the number of relapses, disability progression, 

and discounted QALYs gained to obtain the incremental benefit of patient-centered prescribing 

practices for the total UK RRMS population. The incremental benefit was calculated at the 

patient-level and then translated into population-level results by multiplying this incremental 

benefit by the size of the total RRMS population in the UK (126,669 total MS patients in the UK 

x 85% of MS patients who have RRMS = 107,669 patients) [78,79]. 
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Scenario analysis 

A scenario analysis was conducted on the RRMS population that included oral DMDs only: 

cladribine tablets, dimethyl fumarate, fingolimod, and teriflunomide. Patient preference shares 

for each oral therapy were estimated based on the results of the DCE as a fraction of the oral 

therapy market. For example, if altogether oral therapies were preferred by 50% of patients 

and oral therapy A was preferred by 10% of patients considering all DMDs, then among orals, 

therapy A would have a 20% preference share. 

Sensitivity analyses 

A series of one-way and multi-way sensitivity analyses were performed on the preference 

shares analysis for patients with RRMS. The sensitivity analyses tested whether results were 

robust to changes in specific parameters that were chosen as they were important inputs in the 

model and were based on assumptions/methodologies that may have had a significant effect 

on the results. In the one-way analyses the following parameter inputs were varied: (1) ARR, (2) 

mortality rate, and (3) treatment discontinuation. In the base analysis, ARR is modeled as a 

function of disease duration, independent of EDSS states. This is to avoid double counting of 

the treatment effect of DMDs on disability progression, meaning the effect of treatment on 

disability progression may also be associated with ARR. As the number of relapses increases 

with higher states, we modelled the ARR as a function of EDSS states, independent of disease 

duration, in the sensitivity analyses. Similarly, mortality was modeled independent of EDSS 

states in the base analysis, but dependent on EDSS states in the sensitivity analyses. For 

treatment discontinuation, we varied the data sources this key input was estimated on 
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between the base and sensitivity analyses. In the base analyses, we estimated treatment 

discontinuation on pooled clinical trial data, a method used in a prior NICE submission [47]. In 

the sensitivity analyses, we estimated treatment discontinuation using a network meta-analysis 

of all-cause discontinuation data [80]. Combinations of the parameter inputs that were varied 

within the one-way sensitivity analyses were varied within the two multi-way sensitivity 

analyses. In the first multi-way sensitivity analysis, we only varied ARR and mortality rate. In the 

second multi-way sensitivity analysis, we varied all three parameters (ARR, mortality rate, and 

treatment discontinuation). 

Results 

Preference share estimates 

Patients with RRMS in the UK preferred infusions (alemtuzumab and natalizumab; 43.0% 

combined) and oral treatments (cladribine tablets, dimethyl fumarate, fingolimod, and 

teriflunomide; 38.8% combined) over injections. In addition, these patients preferred DMDs 

with less frequent administrations, such as those administered once per month or less 

(natalizumab, cladribine tablets, alemtuzumab; 58.0% combined). When only oral treatments 

were considered in the scenario analysis, cladribine tablets were the most preferred treatment 

with a preference share of 38.8%. Detailed preference shares can be found in Table 2. 

These results indicated large discrepancies between current market shares (as reported based 

on the January 2019 Specialist Share Data from Wilmington Healthcare [37]) and patient 

preference shares (based on the DCE) among patients with RRMS in the UK. For example, while 

natalizumab had the largest preference share (28.3%) among RRMS patients, this treatment 
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occupied just 12.6% of the RRMS market in January 2019. Cladribine tablets, having been 

available only more recently, occupied 1.3% of the market in January 2019, despite a 

preference share of 15.0% among RRMS patients. Dimethyl fumarate had the largest market 

share of 28.5% in January 2019, yet only had a preference share of 4.9%.  

Impact on health outcomes 

Long-term health outcomes were improved when UK RRMS patients were prescribed DMDs 

according to patient preferences versus current prescribing practices. For example, the UK 

RRMS population was expected to experience 501,690 total relapses over 50 years under 

patient-centered prescribing practices compared to 538,417 relapses under current prescribing 

practices, representing a reduction of 36,727 relapses (-6.8%; Figure 2). Similarly, the UK RRMS 

population gained 1,003,263 discounted QALYs over 50 years under patient-centered 

prescribing practices versus 958,792 discounted QALYs under current prescribing practices; an 

incremental gain of 44,471 discounted QALYs (+4.6%; Figure 2). Finally, in each year, less 

disability progression was observed among the UK RRMS population when prescribed 

treatment based on patient preferences (-0.16 EDSS per year; Figure 3). 

Insert Figures 2 and 3 here 

Scenario analysis 

In the scenario analysis where only oral treatments were considered, the results were 

qualitatively similar as those of the base analysis in which all RRMS treatments are considered, 

although the magnitude of benefit to patients was smaller. Compared to current prescribing 
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practices, the UK RRMS population experienced a reduction of 20,910 relapses (-3.9%) under 

patient-centered prescribing practices, gained 5,717 discounted QALYs (+0.6%), and 

experienced less disability progression over 50 years. 

Sensitivity analyses 

The total number of relapses over 50 years among the UK RRMS population was most sensitive 

to how ARR was modeled (see Supplemental Figure 1). Specifically, when ARR was modeled as a 

function of EDSS state, independent of disease duration in the sensitivity analyses, the total 

number of relapses was higher compared to the preference share base analysis (1,620,844 

versus 501,690) where ARR was modeled as a function of disease duration, independent of 

EDSS state. The increase in relapses is likely due to the fact that ARR has a higher correlation 

with EDSS state rather than disease duration. We abstained from modeling ARR as a function of 

EDSS state, independent of disease progression, in the base analysis to avoid ‘double counting’ 

of the treatment effect on disability progression (i.e., the effect of treatment on disability 

progression may also be associated with ARR) [52,81]. The total discounted QALYs calculated 

over 50 years was largely insensitive (see Supplemental Figure 2) to assumptions around key 

parameters, such as ARR, mortality rate, and treatment discontinuation. In the preference 

share base analysis, the RRMS population benefited from 1,003,263 discounted QALYs over 50 

years; in the preference share sensitivity analyses, our estimates ranged between 986,918 and 

999,212 total discounted QALYs. 

The average disability progression over time was most sensitive to assumptions around how 

mortality rate was modeled (see Supplemental Figure 3). When mortality rate was modeled 
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such that it differed by EDSS state, UK RRMS patients experienced a reduction in mean EDSS in 

the later years of the study period. This reduction in mean EDSS is not observed in the 

preference share base analysis and is likely due to the fact that individuals in higher EDSS states 

have higher mortality rates.  

Discussion 

Similar to prior literature, our model showed that patients with RRMS in the UK prefer oral 

DMDs and infusions relative to injections [22,23,27], as well as DMDs with less frequent 

administration [26]. However, our results also showed that current DMD market shares within 

the UK RRMS population do not reflect these patient preferences. To our knowledge, no prior 

studies have examined the long-term clinical impact of more explicitly following patient 

preferences on clinical health outcomes. This study contributes to the literature by estimating 

the benefits of patient-centered prescribing for long-term health outcomes, with patients 

experiencing less disease progression and fewer relapses, as well as gaining more QALYs. 

According to this model, patient outcomes would be largely improved if prescribing practices 

were more aligned with patient preferences. On average, RRMS patients would experience 

reductions in relapses and disability progression, and improvements in quality of life compared 

with current prescribing practices. When examined over the entire RRMS population in the UK, 

this would lead to a total of almost 37,000 avoided relapses and over 44,000 discounted QALYs 

gained by RRMS patients over 50 years. In an alternative scenario analysis where only oral 

treatments were considered, as well as in sensitivity analyses based on total discounted QALYs, 

reported results were similar to those of the preference share base analysis. Varying input 
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parameters on the preference share base analyses showed that the total number of relapses in 

the UK RRMS population was most sensitive to modeling ARR as a function of EDSS state, 

independent of disease duration, whereas average disability progression over time was most 

sensitive to mortality rate assumptions. This substantial increase in the number of relapses may 

reflect the correlation between ARR and long-term disability progression, a relationship that 

has been much debated in the literature [82].  

Although DMDs for RRMS have the potential to improve health outcomes for patients, a 

number of barriers to treatment exist as only 21% of individuals with MS in the UK currently 

receive DMDs [86]. The NICE Quality Standards for MS recommend that patients receive care 

from a multidisciplinary team with MS expertise and undergo a comprehensive review of their 

treatment and care annually [87], yet it is estimated that 36% of patients with MS had not seen 

a neurologist in the past 12 months, with one in ten patients reporting that they had not seen a 

neurologist despite having a medical need to do so [88]. Moreover, DMDs are typically only 

prescribed by neurologists, but the most common point of contact for patients with MS tends 

to be a MS specialist nurse [88]. Patients may therefore not be receiving sufficient information 

regarding DMDs, which could explain the relatively low DMD utilization rate in the UK, as well 

as the discrepancy in market shares and patient preferences. Improving access to prescribers 

would improve the prognosis of RRMS patients in the UK. 

Incorporating patient preferences into treatment decisions requires that prescribers engage in 

shared decision-making with patients. Previous research has indicated that most people with 

MS prefer to be more involved in their treatment decision, with 91% of patients preferring to 
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make shared or autonomous decisions [89]. Prescribers often assume that they understand 

patients’ priorities, but previous research has shown that they are not always adept at judging 

the quality and quantity of information patients want when making medical decisions [90-92], 

which may complicate shared decision-making. Even within the prescriber community, 

preferences may differ. For instance, an interview of DMD-prescribing neurologists in the UK 

revealed that prescribers in England generally viewed NICE guidelines as mandatory criteria 

they were obligated to follow, whereas neurologists in Scotland and Wales were more varied – 

some followed NICE guidelines strictly, while others exercised more flexibility in prescribing 

decisions, prioritizing patient welfare [93]. Furthermore, neurologists tend to prescribe DMDs 

with which they are familiar and are influenced by prescribing cultures in their peer network 

[93]. Additional effort should be focused on improving shared decision-making in the UK 

through tools such as decision aids, multi-criteria decision analysis [94], and on physician 

education around newer, more efficacious treatments, so that prescribing practices sufficiently 

address patients’ needs.  

There are several limitations to our study that should be considered. First, treatment efficacy 

estimates were based on clinical trials, rather than real-world data. Previous studies have 

shown that patient adherence to DMDs ranges from 47% to 93% [8,11-14]. To the extent that 

treatment adherence is lower and discontinuation more frequent in the real world compared to 

clinical trials, our model may overestimate effectiveness. Furthermore, our model may also 

overestimate effectiveness if medical and supportive care methods have improved in the time 

period since the clinical trials were conducted (assuming supportive care in clinical trials is 

equivalent to that in the real-world). Second, the benefits of patient-centered prescribing may 
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be underestimated in our model as we did not take into account how patient-centered 

prescribing would affect outcomes when treatment adherence improves or patients switch 

therapies. For example, studies in other diseases areas have shown that patient-centered care 

may improve medication adherence [95-97]; this would be an additional benefit not captured in 

the model to the extent that it is translatable to MS. Third, certain analyses were not feasible 

given the limited evidence. For example, this study was not able to obtain the patient 

preference market share for ocrelizumab because the treatment attributes assessed in the DCE 

did not match the profile of ocrelizumab; this treatment was therefore excluded from our 

analysis. Additionally, disability progression for peginterferon beta-1a was not included in the 

indirect treatment comparison [45] used to measure treatment efficacy within our Markov 

model (analysis was not feasible considering limited evidence); we therefore used a 

conservative estimate that efficacy was the same as BSC. As the market share and preference 

shares for peginterferon beta-1a are both < 5%, our results would be qualitatively similar if we 

pooled peginterferon beta-1a effectiveness with other interferons. Fourth, our model was 

limited to patients with RRMS who were being treated with therapies approved for the 

treatment of RRMS. Patients with primary progressive MS and those treated with off-label 

and/or investigational agents were not considered in the model. Fifth, aggregating to the total 

number of individuals with RRMS in UK could be a potential overestimation as we do not 

incorporate those patients not on treatment at model start (100% of individuals in the cohort 

started on treatment). Finally, the model did not segment patients into subgroups based on 

disease activity and/or prognosis, which can influence access to the range of DMD options.  
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Conclusions 

The population of patients with RRMS in the UK may experience overall health gains if patient 

preferences are incorporated into current prescribing practices. Based on our model 

projections, the UK RRMS population would avoid almost 37,000 relapses and gain discounted 

QALYs by more than 44,000 over a 50-year period if patient preferences were fully accounted 

for in prescribing decisions. Future research is needed to investigate the impact of real-world 

patient-centered prescribing on clinical, humanistic, economic, and societal outcomes. 
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Table 1: Key inputs of the economic model 

Input parameter Parameter value or range Source  

Reduction in disability 
compared to BSC  
 

HR range = 0.305 to 0.819 (see Supplemental 
Table 1 for treatment-specific values)  

[42,45] 

Reduction in annualized 
relapse rate compared to BSC 

HR range = 0.322 to 0.806 (see Supplemental 
Table 1 for treatment-specific values) 
 

[43-45]  

Utilities (measured as QALY 
loss per event) 
 
 Utility by EDSS state 
 
 
 Caregiver disutility by 
 EDSS state 
 
 Disutility per relapse 
 
 Disutility due to adverse 
 events 
 

 
 
 
Range = -0.195 to 0.906 (see Supplemental 
Table 2 for EDSS state-specific values) 
 
Range = -0.002 to -0.173 (see Supplemental 
Table 2 for EDSS state-specific values) 
 
-0.071 
 
Range = -0.011 to -1.000 (see Supplemental 
Table 3 for event-specific values) 
 

 
 
 
[44,51] 
 
 
[53] 
 
 
[52] 
 
[54-56] 
 

Mortality rate  Range = 0% to 16% (see Supplemental Table 4 
for age- and EDSS state-specific values) 
 

[57,58] 

Treatment discontinuation  Range (0 to 2 years) = 2.3% to 17.3%  
Range (2 to 50 years) = 2.7% to 17.3% (see 
Supplemental Table 5 for treatment-specific 
values) 
 

[41] 

Treatment waning effect  100% (0 to 2 years) 
75% (2 to 5 years) 
50% (>5 years) 

[54,73,74]  

Abbreviations. BSC = best supportive care; EDSS = Expanded Disability Status Scale; HR = hazard 
ratio; QALY = quality-adjusted life-year.  
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Table 2: Preference share estimation results 

Therapy Patient 
preference share  
(base case) 
 

Patient preference share  
(oral therapies only 
scenario) 
 

Current market 
share 

Natalizumab 28.3% --- 12.6% 

Cladribine tablets 15.0% 38.8% 1.3% 

Alemtuzumab 14.7% --- 4.8% 

Teriflunomide 10.9% 28.0% 4.7% 

Glatiramer acetate 8.7% --- 14.5% 

Fingolimod  8.0% 20.6% 13.7% 

Dimethyl fumarate  4.9% 12.7% 28.5% 

Interferon beta-1a 
(Avonex®) 

3.3% --- 6.7% 

Interferon beta-1b 2.1% --- 1.6% 

Interferon beta-1a 
44mg (Rebif®) 

2.0% --- 6.3% 

Peginterferon beta-1a 2.0% --- 4.8% 

Ocrelizumab --- --- 0.6% 

Notes. Data for the current market shares were obtained from the Specialist Share Data from 
Wilmington Healthcare [37], based on patients who received a specified treatment in January 
2019. The market shares for daclizumab and others in the Specialist Share Data comprised only 
0.105% and were evenly distributed among the therapies above. Market shares for Betaferon® 
and Extavia® (both interferon beta-1b) were combined; market shares for Copaxone® 
(glatiramer acetate) and generic glatiramer acetate were combined. 
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Figure Captions: 

 

Figure 1: Conceptual overview of study design 

Figure 2: Cumulative total relapses and discounted QALYs gained 

Figure 3: Average EDSS over time 
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