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Objectives: This study evaluates the cost–effectiveness of adding prolonged-release (PR)-fampridine to
best supportive care (BSC) versus BSC alone in adult multiple sclerosis patients with walking disability
in China. Materials & methods: A hybrid decision tree and Markov model from both the societal and
healthcare perspectives were constructed. Parameters were derived from clinical trials of PR-fampridine,
published sources and clinical expert interviews. Results: Over a 10-year time horizon, adding PR-
fampridine to BSC led to 0.15 quality-adjusted life year (QALY) gain and lower costs, with incremental cost–
effectiveness ratios of -238,806 Chinese Yuan/QALY and -113,488 Chinese Yuan/QALY from the societal
and healthcare perspectives, respectively. Conclusion: Compared with BSC alone, PR-fampridine plus BSC
is considered an economically dominant strategy for the treatment of multiple sclerosis-related walking
disability in China.
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Multiple sclerosis (MS) is a chronic autoimmune disease characterized by the destruction of the myelin sheath
within the central nervous system, affecting about 2.8 million people globally [1]. MS was listed in China’s ‘First
Category of Rare Disease’, which was jointly formulated by five national authorities (e.g., the National Health
Commission, Ministry of Science and Technology) in 2018 and contained a total of 121 rare diseases [2]. A
nationwide, population-based study based on the claims data in six provinces showed that the prevalence of MS in
urban China was 2.44/100,000 in 2016 [3], which means there might be more than 30,000 patients with MS in
China. Meanwhile, MS is highly prevalent in the young and middle-aged populations from 20 to 50 years old in
China [4].

Walking disability is a common impairment in MS patients, with negative impact on quality of life and the
activities of daily living of patients and caregivers. An online survey with 436 MS patients from six European
countries showed that nearly half of patients (45%) experienced walking disability within the first month of
diagnosis and almost all of them (93%) reported walking disability within the 10-year time horizon after diagnosis [5].
Several studies showed that MS caused significant economic burden to the society [6–8], especially for the direct
non-medical costs and indirect costs of patients. MS interfered with patients’ ability to work or made them unable
to work, leading to the loss of productivity [9]. An online survey including 1011 MS patients in the USA showed
that only 34% of MS patients with walking disability were employed [9]. Maintaining walking ability was identified
as one of the highest priorities among MS patients [10].
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Prolonged-release (PR)-fampridine was approved as the first and only pharmacotherapy for the treatment of
MS-related walking disability in adult patients with Expanded Disability Status Scale (EDSS) scores 4–7 in May
2021 in China. It was listed in the National Reimbursement Drug List (NRDL) in the same year. PR-fampridine
is a broad-spectrum K+ channel blocker and can increase the conduction of action potentials in demyelinated
axons through inhibition of K+ channels. It can be used concomitantly with any MS disease-modifying therapy,
physiotherapy and other supportive drugs in patients with any subtype of MS [11]. Before the approval of PR-
fampridine, MS-related walking disability was managed by best supportive care (BSC) only. As mentioned in the
Chinese Expert Consensus, BSC mainly includes other symptomatic treatment (e.g., antidepressants and antianxiety
medications), rehabilitation therapy (functional rehabilitation training and MS-related outpatient treatment and
hospitalization) [12].

Several clinical trials have demonstrated that PR-fampridine can improve walking ability in MS patients [13–16].
A pooled analysis of two randomized, multicenter, double-blind, controlled, phase III trials (MS-F203 and MS-
F204), aiming to evaluate the efficacy and safety of PR-fampridine, showed that PR-fampridine had a significantly
higher proportion of timed 25-foot walk (T25FW) responders relative to placebo (37.6 vs 8.9%; p < 0.0001) in
MS patients of any phenotype [13]. Long-term extension studies (MS-F203EXT and MS-F204EXT) also provided
evidence for the long-term safety and tolerability of PR-fampridine [14]. A phase II, randomized, double-blind
trial (MOBILE) and a phase III, randomized, double-blind trial (ENHANCE) both used improvement in scores
of the 12-item Multiple Sclerosis Walking Scale (MSWS-12) over the 24-week treatment period as the primary
end point [15,16]. In the MOBILE trial, a significantly higher proportion of patients achieved clinically meaningful
improvement in MSWS-12 score in the PR-fampridine group versus the placebo group (48.5 vs 28.1%; p = 0.0153).
The ENHANCE trial also showed a much better result in the PR-fampridine group compared with the placebo
group (43.2 vs 33.6%; p = 0.006). In addition, the results of the MOBILE trial demonstrated that PR-fampridine
can bring clinically meaningful improvements to patients’ quality of life [15].

A previous economic study in Sweden and two health technology appraisal reports in the UK showed that
PR-fampridine improved patients’ quality of life, reduced healthcare resource utilization and was considered a
cost-effective treatment for MS-related walking disability [17–19]. However, the cost–effectiveness evidence is lacking
for adding PR-fampridine to BSC in China. To fill this gap, the present study aims to evaluate the cost–effectiveness
of adding PR-fampridine to BSC versus BSC alone for the improvement of walking ability in adult MS patients
with EDSS scores 4–7 in China.

Materials & methods
Clinical experts’ in-depth interviews
In order to better understand the treatment pattern, treatment pathway and utilization of healthcare resources in MS
patients with walking disability in the Chinese clinical context, a structured questionnaire was designed in this study
(Supplementary Material 1). The questionnaire aimed to obtain the healthcare utilization of MS walking disability,
validate the structure and assumptions of the model and confirm the accuracy of the information from the literature.
The questionnaire mainly involved the following contents: 1) supportive symptomatic treatments for MS patients:
treatment types, proportion of usage and treatment duration; 2) utilization of healthcare resources: rehabilitation
(type and frequency), outpatient visits, inpatient care, medical examinations and tests (type and frequency); 3)
direct nonmedical costs and indirect costs: use of walking aids (wheelchair, crutches etc.) and productivity losses
of patients and caregivers; 4) to validate the relationships of walking speed (measured by T25FW) with healthcare
resource utilization, use of walking aids and productivity losses of patients and caregivers.

The interviewed physicians were selected based on their treatment experience and locations. A total of 11 clinical
experts from neurology or physiatry departments of tertiary A-level hospitals in Beijing, Shanghai, Guangzhou,
Tianjin, Nanjing, Chengdu and Harbin were interviewed. All interviewees were associate chief or chief physicians
with above 10 years of clinical experience in diagnosing and treating MS.

Patient population
The target population for the model consisted of a cohort of Chinese adult MS patients with walking disability
(EDSS scores 4–7). For the base case analysis, the starting age of the modeled cohort was calculated integrating
the mean diagnosis age of MS in China from published research [20] and the mean duration of 170 months from
the diagnosis of MS to the use of PR-fampridine which was reported in the ENHANCE trial [16]. Other baseline
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Table 1. Patient population.
Characteristic Estimates Source Ref.

Mean diagnosis age of multiple sclerosis (years) 34.1 2020 Comprehensive Social Survey Report of Multiple
Sclerosis Patients in China

[20]

Gender (% males) 36% Tian et al. [21]

Time from disease diagnosis to taking
prolonged-release-fampridine (months)

170 ENHANCE trial [16]

Timed 25-foot walk at baseline (feet/s) 2.1 Pooled results of MS-F203 and MS-F204 trials [22,23]

Respond to treatment

Withdrawal from
treatment

(non-responder or other)

Continue treatment with
BSC

Response
assessment

Fampridine +
BSC

BSC

Any state

Death

Figure 1. Model structure.
BSC: Best supportive care.

characteristics (% of males and T25FW) were derived from published literature [21] and MS-F203 and MS-F204
trials (Table 1) [22,23].

Model structure
A cost–effectiveness analysis was conducted based on a hybrid decision tree and Markov model from both the
societal and healthcare perspectives in a 10-year time horizon. This took the form of a decision tree for response
assessment for the first 4 weeks, followed by a Markov model with a cycle length of 4 weeks and allowed health
outcomes and costs to be accumulated over time. Both quality-adjusted life year (QALY) and costs were discounted
at a rate of 5%, and a half-cycle correction was applied, as recommended by the Chinese pharmacoeconomics
guidelines [24].

The model structure was consistent with the previous economic study in Sweden [17], which consisted of two arms
corresponding to the two treatment strategies: 1) PR-fampridine and BSC and 2) BSC alone. Patients receiving
PR-fampridine could either remain in or transit to one of the three health states: ‘response to treatment’, ‘withdrawal
from treatment’ or ‘death’ (the absorbing state). Patients treated with BSC could either remain in the ‘continue
treatment with BSC’ health state or transition to ‘death’. The model structure is shown in Figure 1.

Clinical inputs
In the base case analysis of the model, treatment response was defined as a mean improvement in MSWS-12 scale
of ≥8 points from baseline, which was reported as the primary end point in the ENHANCE trial [16]. The response
rate was applied at the end of the decision tree to calculate the first 4 weeks’ effectiveness of PR-fampridine.

It is worth noting that disease progression in the Markov model was measured by T25FW instead of MSWS-12.
There were several reasons for this change: 1) efficacy data evaluated by MSWS-12 were limited to 24 weeks
only and long-term efficacy data measured by MSWS-12 were not available; 2) T25FW is a meaningful end
point of measuring walking ability and the pooled analysis of MS-F203 EXT and MS-F204 EXT reported long-
term T25FW data of PR-fampridine responders up to 60 months [14]; and 3) no data showed the relationship
between MSWS-12 and healthcare resource utilization. Instead, a cross-sectional, patient record-based study in five
European countries demonstrated that there was a specific relationship between T25FW and healthcare resource
utilization in MS patients [25]. As no clinical trial of PR-fampridine was able to provide long-term T25FW data
for the BSC-alone group or patients who withdrew from PR-fampridine, T25FW data for this population were
obtained from the placebo arm of the IMPACT trial and ASCEND trial [26,27]. It was assumed that the pooled
results of the placebo arms in the IMPACT trial and ASCEND trial could demonstrate the natural history of
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Figure 2. Long-term timed 25-foot walk extrapolated using a linear regression.
BSC: Best supportive care; MS: Multiple sclerosis.

Table 2. 26 week adverse event rates.
Urinary tract infection (%) Fall (%) Back pain (%)

Prolonged-release-fampridine plus best
supportive care

12.2 7.3 5.7

Best supportive care alone 11.0 7.0 3.7

MS under BSC (Figure 2). Meanwhile, as no dataset was identified to provide walking speed progression for MS
patients up to 10 years, weighted linear regression was applied to extrapolate T25FW

Goodman et al., reported a pooled 5-year retention probability of PR-fampridine responders as 62.1% from the
extension studies of MS-F203 and MS-F204 [14]. This 5-year probability was converted and then used to estimate
the withdrawal probability for each 4-week cycle. For patients who withdrew from PR-fampridine, the present
model assumed that they lost all treatment effect from PR-fampridine. In other words, the patients who withdrew
from PR-fampridine were assumed to have the same utility score as the baseline value of responders at week 0.

Adverse events
Adverse event (AE) data were taken from the ENHANCE and MOBILE trials [15,16]. The criteria for AEs included
in the analysis were an incidence in either group of ≥5% and incidence in the PR-fampridine group higher than
that in the placebo group. In addition, there were no serious AEs in either group. Table 2 shows the pooled results
of each AE during the 26-week follow-up period; the probability of each AE’s occurrence per cycle was converted
and used in the model.

Health state utility values & AE disutility
The utility data were also derived from the ENHANCE and MOBILE trials [15,16]. The pooled results of these two
trials were used in the model as the base case analysis. The ENHANCE trial used a three-level classification system
of the EuroQol 5 dimensions (EQ-5D-3L) and collected utility at baseline and weeks 2, 4 and 24 for PR-fampridine
responders, nonresponders and the placebo arm. The MOBILE trial used a five-level classification system of EQ-
5D (EQ-5D-5L) and collected utility at baseline and weeks 4, 8, 12, 16 and 24 for PR-fampridine responders,
non-responders and the placebo arm. Before pooling these datasets, the authors first used the crosswalk approach
to map the EQ-5D-5L data in the MOBILE trial to the EQ-5D-3L value sets and then calculated the utility index
score [28]. The last observation carried forward method was used to impute the missing data within 24 weeks for
both the ENHANCE and MOBILE trials. The imputed value data from the ENHANCE and MOBILE trials are
displayed in Supplementary Table 1. Finally, the utility value at each time point from the two trials were pooled by
weighted averaging. In the model, extrapolation of utility to the selected time horizon also used the last observation
carried forward method. Table 3 presents the utility of responders and non-responders/BSC used in the base case
analysis.
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Table 3. Pooled utilities from the ENHANCE and MOBILE trials.
Time point Prolonged-release-fampridine responders Prolonged-release-fampridine nonresponders and

the best supportive care group

Baseline 0.634 0.601

Week 2 0.664 0.637

Week 4 0.688 0.621

Week 8 0.691 0.618

Week 12 0.693 0.616

Week 16 0.693 0.613

Week 20 0.691 0.617

Week 24+ 0.683 0.617

Table 4. Drug costs, resource utilization costs, adverse event costs and indirect costs.
Item Unit cost (Chinese

Yuan)
Source Ref.

Drug costs

Prolonged-release-fampridine (10 mg) 16.1 Latest bidding price from provincial tendering platform (as of February 2022)

Best supportive care costs (annual)

Neurologist visits 920.83 Charging standard for healthcare service in China; clinical expert interviews

Rehabilitation 42,931.04 Charging standard for healthcare service in China; clinical expert interviews

Other outpatient visits 1146.81 Charging standard for healthcare service in China; clinical expert interviews

Multiple sclerosis-related hospitalization 10,000.00 Blue Book on Health Insights of Multiple Sclerosis Patients; 2021 Quality of Life
Report for Multiple Sclerosis Patients in China

[4]

Other supportive drugs 4377.59 Latest bidding price from provincial tendering platform (as of February 2022);
clinical expert interviews

Tests and examinations 5973.37 Charging standard for healthcare service in China

Adverse event costs (one-time)

Urinary tract infection 120.27 Chen et al. [30]

Fall 609.28 Peng et al. [31]

Back pain 104.58 Ji et al. [32]

Direct nonmedical cost (annual) (societal perspective only)

Walking aids 456.56 The price of the product with the highest online sales

Indirect cost (annual) (societal perspective only)

Loss of productivity (patients) 7041.35 2020 Comprehensive Social Survey Report of Multiple Sclerosis Patients in China [20]

Loss of productivity (caregivers) 17,528.22 Calculated based on the average salary of employees in urban nonprivate units
in China in 2020 and the proportion of multiple sclerosis patients who need
caregivers from clinical expert interviews

[33]

Utility decrements due to AEs were also included in the model. The utility decrements of urinary tract in-
fection, fall and back pain were obtained from a published study with values of -0.0054, -0.1145 and -0.0866,
respectively [29].

Cost inputs & resource use
Costs included in the model were categorized as drug costs, healthcare resource utilization costs, costs of walking aids
and productivity loss of caregivers and patients. The latest price (as of February 2022, price after the 2021 NRDL
negotiation) of PR-fampridine obtained from the provincial tendering platform was used to calculate the drug
costs of PR-fampridine. The BSC consisted of other supportive drugs, examinations and lab tests, hospitalization,
rehabilitation, neurologist visits and other outpatient visits. The PR-fampridine plus BSC strategy considered the
drug cost and AE management cost of PR-fampridine additionally (Table 4). Costs of walking aids and productivity
loss were also included in the societal perspective (Table 4). Unit costs were obtained from published sources, and
utilization of healthcare resources was obtained from clinical experts’ in-depth interviews. All costs from previously
published studies were inflated to 2021.
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Table 5. Relative scales of healthcare resource utilization in different timed 25-foot walk ranges.
Timed 25-foot walks Neurologist visits (%) Rehabilitation (%) Other outpatient

visits (%)
Multiple
sclerosis-related
hospitalization (%)

Other supportive
drugs (%)

Tests and examinations
(%)

10–12 100 93 98 100 93 100

12 (baseline) 100 100 100 100 100 100

12–15 100 115 105 100 115 100

16–20 99 129 109 100 129 99

21–30 99 146 114 100 146 99

31–60 99 165 121 100 165 99

�60 99 187 128 100 187 99

The first column presents the time needed to complete 25 feet as quickly as possible.

Table 6. Relative scales of walking aids and indirect costs in different timed 25-foot walk ranges.
Timed 25-foot walks Walking aids (%) Loss of earnings (%) Needs of caregivers (%)

10–12 95 98 91

12 (baseline) 100 100 100

12–15 110 104 119

16–20 117 106 136

21–30 126 109 153

31–60 134 112 172

�60 143 116 190

The first column presents the time needed to complete 25 feet as quickly as possible.

A patient record-based study in five European countries (the Adelphi study) quantitatively analyzed the relation-
ship between walking ability (measured by T25FW) and the costs of healthcare resource utilization and indirect
costs [25]. This study collected T25FW scores in MS patients and conducted a regression analysis between health-
care resource utilization and T25FW. Patients with greater walking disability used significantly more healthcare
resources (especially for caregiver support and physician visits) than those with improved walking ability. However,
at present, there is a lack of data about healthcare resources at different walking ability in Chinese MS patients.
According to the opinions of clinical experts, collected in the in-depth interviews, the resource use in patients with
different walking ability was different indeed. Therefore, based on the regression analysis results of the frequency of
healthcare resource utilization and the T25FW reported in the Adelphi study, combined with the BSC in China,
the present study calculated the healthcare resource utilization of patients with different T25FW segments. The
trend and relative scales were further verified in Chinese clinical expert interviews. The trend and relative scales are
listed in Tables 5 & 6.

Scenario analysis
Different scenarios were set to explore the impact of a longer time horizon and different sources of utility values.
First, the time horizon was prolonged to 20 years to assess long-term outcomes. Also, utility data from two trials
were included separately to replace the pooled utility data. The imputed utility values from the ENHANCE trial
and MOBILE trial [15,16] were considered in the second and third scenarios, separately.

Sensitivity analysis
Uncertainty was assessed by one-way and probabilistic sensitivity analyses. To test an individual parameter’s impact
on the results, one-way sensitivity analysis was run for every parameter in the model, in which one specific parameter
was varied while others were held constant each time. The ranges tested were based on the statistical uncertainty
around the estimates when available. Otherwise, the variance was set as ±20% for all parameters except for the
discount rate (0% and 8% were used) as recommended by the Chinese pharmacoeconomics guidelines [24].

The model also included probabilistic sensitivity analysis, in which all parameters estimated with uncertainty
were independently and simultaneously varied and drawn from an appropriately assigned probability distribution.
Beta distribution was assigned for effectiveness and utility values and gamma distribution was assigned for cost
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Table 7. Base case results.
Prolonged-release-fampridine plus best
supportive care

Best supportive
care

Prolonged-release-fampridine drug cost (CNY) 27,769 0

Neurologist visits (CNY) 7119 7104

Rehabilitation (CNY) 493,090 533,815

Other outpatient visits (CNY) 10,282 10,627

Tests and examinations (CNY) 46,180 46,081

Other supportive drugs (CNY) 50,279 54,432

Multiple sclerosis-related hospitalization (CNY) 78,050 78,069

Adverse event costs (CNY) 977 947

Total costs from the healthcare perspective (CNY) 713,746 731,075

Loss of productivity in patients (CNY) 54,646 55,824

Loss of productivity in caregivers (CNY) 206,720 224,455

Walking aids (CNY) 4439 4662

Total costs from the societal perspective (CNY) 979,551 1,016,016

Total QALY (QALYs) 4.94 4.79

Incremental

� Cost from the healthcare perspective (CNY) -17,329 /

� Cost from the societal perspective (CNY) -36,465 /

� QALY (QALYs) 0.15 /

Incremental cost–effectiveness ratio from the healthcare perspective (CNY/QALY) Dominant (-113,488) /

Incremental cost–effectiveness ratio from the societal perspective (CNY/QALY) Dominant (-238,806) /

CNY: Chinese Yuan; QALY: Quality-adjusted life year.

inputs and resource use. The resampling process was repeated for a selected number of iterations (the default setting
was 5000 iterations) during the Monte-Carlo simulation. Uncertainty around model parameter estimates was based
on their calculated or reported patient counts, standard deviations or ranges, depending on the parameter.

Results
Base case results
The base case analysis used a 10-year time horizon and the response rate from the ENHANCE trial. The QALY
difference between PR-fampridine plus BSC and BSC alone was calculated based on the pooled EQ-5D values of
the ENHANCE and MOBILE trials.

Over a 10-year time horizon, adding PR-fampridine to BSC led to an incremental QALY gain of 0.15 and lower
total costs of -17,329 Chinese Yuan (CNY) from the healthcare perspective, which dominated BSC only with an
incremental cost–effectiveness ratio of -113,488 CNY/QALY. The addition of PR-fampridine reduced the cost of
healthcare resource utilization, especially the costs of rehabilitation and other supportive drugs (Table 7). From
the societal perspective, adding PR-fampridine to BSC led to lower total costs of -36,465 CNY and dominated
BSC with an incremental cost–effectiveness ratio of -238,806 CNY/QALY. The PR-fampridine plus BSC strategy
presented lower costs for walking aids and productivity loss of patients and caregivers (Table 7).

Scenario analysis results
The results of longer time horizon and different utility data from the healthcare and societal perspectives are
reported in Table 8. In all scenarios, PR-fampridine plus BSC dominated BSC alone. When the utilities at different
time points were obtained from the MOBILE trial, adding PR-fampridine to BSC led to more incremental QALY
gain (0.39 QALY) than that in the base case (0.15 QALY).

Sensitivity analysis results
The results of the one-way sensitivity analysis are presented in Figure 3. The cost–effectiveness results were most
sensitive to the cost of rehabilitation and the utility value assigned to the BSC group at week 24 and later. Within
the range changed in one-way sensitivity analysis, the results showed the consistency of dominant results no matter
which parameter was changed.
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Table 8. Scenario analysis results.
Prolonged-release-fampridine plus best
supportive care

Best supportive
care

Scenario 1: 20-year time horizon

Total costs from the healthcare perspective (CNY) 1,175,633 1,193,502

Total costs from the societal perspective (CNY) 1,586,671 1,625,765

Total QALY (QALYs) 7.63 7.45

ICER from the healthcare perspective (CNY/QALY) Dominant (-96,522) /

ICER from the societal perspective (CNY/QALY) Dominant (-211,175) /

Scenario 2: utilities from ENHANCE trial

Total costs from the healthcare perspective (CNY) 713,746 731,075

Total costs from the societal perspective (CNY) 979,551 1,016,016

Total QALY (QALYs) 5.02 4.92

ICER from the healthcare perspective (CNY/QALY) Dominant (-169,756) /

ICER from the societal perspective (CNY/QALY) Dominant (-357,210) /

Scenario 3: utilities from MOBILE trial

Total costs from the healthcare perspective (CNY) 713,746 731,075

Total costs from the societal perspective (CNY) 979,551 1,016,016

Total QALY (QALYs) 4.53 4.14

ICER from the healthcare perspective (CNY/QALY) Dominant (-44,251) /

ICER from the societal perspective (CNY/QALY) Dominant (-93,115) /

CNY: Chinese Yuan; ICER: Incremental cost–effectiveness ratio; QALY: Quality-adjusted life year.

Figure 4 presents graphical illustrations of the probabilistic sensitivity analysis results, showing 100% probabilities
of PR-fampridine plus BSC being considered to be cost-effective versus BSC alone using a threshold of 80,976
CNY per QALY gained (gross domestic product per capita in 2021 in China).

Discussion
This model compared the cost–effectiveness of PR-fampridine plus BSC versus BSC alone for the improvement of
walking ability in MS patients in China. As the first and only approved symptomatic drug to improve MS-related
walking disability in China, PR-fampridine was listed in the NRDL in 2021 considering its cost-effective advantage
and clinical benefits to address unmet needs. This study showed that based on the 2021 NRDL negotiated price,
PR-fampridine plus BSC was a dominant treatment strategy from both the Chinese healthcare perspective and the
societal perspective when compared with BSC alone. From the healthcare perspective, the use of PR-fampridine
improved walking ability and thus saved costs for rehabilitation, other supportive drugs and outpatient visits.
PR-fampridine plus BSC led to an incremental QALY gain of 0.15 over BSC alone and a cost saving of 17,329
CNY. When considered from the societal perspective, the use of PR-fampridine could save walking aid costs and
reduce the productivity losses for patients and caregivers. The cost–effectiveness benefit of using PR-fampridine
was even greater with lower costs (-36,465 CNY) and higher QALYs (+0.15 QALYs).

Most of the published cost–effectiveness analysis studies in MS focused on disease-modifying therapies, while
PR-fampridine is a symptomatic drug rather than a disease-modifying therapy. As seen in the clinical trials, the
efficacy of PR-fampridine was mainly reflected in improving the walking speeds of patients and the changes in
EDSS score could not indicate the real effect of PR-fampridine, so this study did not use the classical EDSS
progression model but used the hybrid decision tree and Markov model. As mentioned in the methods section, the
response rate of PR-fampridine plus BSC was evaluated based on MSWS-12 and obtained from the ENHANCE
trial, while the relationship between walking ability and healthcare resource utilization was evaluated based on
T25FW. T25FW was a convenient walking test and represented the patients’ walking ability by measuring the time
needed to walk 25 feet at the maximum speed [34]. The study has demonstrated that T25FW is suitable for different
clinical settings and was recognized as the most well-characterized objective and specific assessment method of
walking disability [35]. Based on that, the authors think it is reasonable to use T25FW to describe the change in
walking speed and reflect the relationship between walking ability and healthcare resource utilization.
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Figure 3. Tornado diagrams. (A) Healthcare perspective and (B) societal perspective.
AE: Adverse event; BSC: Best supportive care; CNY: Chinese Yuan; ICER: Incremental cost–effectiveness ratio; QALY:
Quality-adjusted life year.

There are several economic evaluations conducted for PR-fampridine globally. A published economic study
showed that PR-fampridine led to an incremental QALY gain of 0.12 over BSC and was a cost-effective treatment
from the Swedish societal perspective [17]. Moreover, health technology appraisal reports from the All Wales
Therapeutics & Toxicology Centre and Scottish Medicines Consortium also showed that PR-fampridine led to an
incremental QALY gain of 0.15 and 0.16, respectively [18,19]. The comparator, model structure, cycle length and
cost items in these studies are basically consistent with the present study and the estimated QALY gain of adding
PR-fampridine to BSC is well aligned. Since PR-fampridine was included in the NRDL in 2021 with a price cut,
this study presented an even greater economic benefit of PR-fampridine, which was an economically dominant
strategy.

To improve the accuracy of the analysis and to better fit Chinese clinical practice, this study made some
adjustments to the study design based on globally conducted cost–effectiveness analyses for PR-fampridine. One
of the adjustments is that this study used a weighted average method to calculate the utility value in the model.
Considering that both ENHANCE and MOBILE trials had missing utility data at different time points, in order
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Figure 4. Cost–effectiveness planes and scatter plots. (A) Healthcare perspective and (B) societal perspective.
CNY: Chinese Yuan; QALY: Quality-adjusted life year; WTP: Willingness-to-pay.

to ensure data consistency and obtain the results with a larger sample size, the weighted average utility values
of the ENHANCE and MOBILE trials [15,16] were used as the base case scenario. Scenario analyses were also
conducted based on utility data from two trials separately. A greater QALY gain was observed by applying the
utility data from the MOBILE trial, which might be due to the more sensitive questionnaire used (EQ-5D-5L in
the MOBILE trial vs EQ-5D-3L in the ENHANCE trial). Additionally, the cost calculation method was adapted
in in the present study based on the Swedish economic study [17]. The resource use in the Swedish economic
study was informed by the relationship between healthcare resource utilization and walking speed, as measured
by the T25FW, collected in the Adelphi MS disease-specific program directly [25]. The formulas representing the
relationship between T25FW and healthcare resource utilization were analyzed based on the European population
and may not fit the Chinese setting. Meanwhile, it is difficult to verify these formulas with clinical experts in China
directly. Therefore, the present study used different speed segments to reflect the relationship between walking speed
and healthcare resource utilization and verified this relationship with Chinese clinical experts. The authors collected
the baseline annual costs of different healthcare resource utilization items for Chinese MS patients through clinical
expert interviews, such as neurologist visits, rehabilitation, MS-related hospitalization and so on. Then based on
the verified relationship between walking speed and healthcare resource utilization, the subsequent annual costs
were calculated. Further, to get the long-term progression trend of T25FW scores over time in the placebo arm, the
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Swedish economic study chose the data of the placebo arm in the IMPACT trial only [26]. In contrast, the present
study chose the IMPACT and ASCEND trials [26,27]. Both of them had baseline characteristics similar to those of
the MS-F203 and MS-F204 trials of PR-fampridine [22,23]. The T25FW scores of the placebo arm in these two
trials were pooled to obtain trends and the extrapolation data of T25FW scores. The authors believe the addition
of the ASCEND trial’s placebo arm may help provide a more robust estimation of MS natural history.

Some limitations and potential future improvements of the analysis should be acknowledged. First, considering
that long-term efficacy data of MSWS-12 was not available, disease progression in the Markov model was measured
by T25FW instead of MSWS-12 used in the decision tree. This might be a limitation despite the fact that T25FW
is also a meaningful end point of measuring walking disability. Second, in the absence of the relationship between
healthcare resource utilization and walking ability in MS patients in China, this study used the relationship of
healthcare resource utilization and T25FW scores found in European studies as a substitution. Although this study
verified this relationship via clinical expert interviews, once relevant data collected in the Chinese population are
available in the future, the study results should be further updated. Third, the sample size of the clinical expert
interviews might be limited, although the authors invited experts from several representative cities and performed
sensitivity analyses for all the cost parameters to test the robustness of the results. Finally, because there were
no available data regarding the utilities for PR-fampridine responders and BSC beyond 24 weeks, the authors
assumed that there were no utility changes for patients in the subsequent weeks. Considering that there was some
variation in the utility value, the dynamic change of the utility value can be explored in the future when the data
become available.

Almost all MS patients will eventually experience walking disability [35]. This clinical outcome not only limits
their ability to work but also puts a heavy psychological burden on patients and their families. These results showed
that the use of PR-fampridine can save the cost of other supportive drugs and rehabilitation therapy and therefore
save the medical insurance fund and promote clinical drug management. To the authors’ knowledge, this is the first
study to evaluate the cost–effectiveness of a symptomatic drug for the treatment of MS-related walking disability
in China. The results fill the evidence gap in China and can provide more information for the clinical management
of MS-related walking disability.

Conclusion
Compared with BSC alone, PR-fampridine plus BSC can provide more QALYs and reduce the cost of healthcare
resource utilization and productivity losses of patients and their caregivers. The incremental cost–effectiveness ratios
were -238,806 CNY/QALY and -113,488 CNY/QALY from the Chinese societal and healthcare perspectives,
respectively. Our study showed that PR-fampridine plus BSC is considered an economically dominant strategy for
adult MS patients with walking disability (EDSS scores 4–7) in China.

Future perspective
Real-world studies and relevant data related to the Chinese population on the relationship between healthcare
resource utilization and MS-related walking disability in China could be further updated.
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Summary points

• Prolonged-release (PR)-fampridine is the only approved symptomatic drug to improve multiple sclerosis
(MS)-related walking disability globally.

• This study aimed to evaluate the cost–effectiveness of adding PR-fampridine to best supportive care (BSC) versus
BSC alone for the improvement of walking ability in adult MS patients with Expanded Disability Status Scale
scores 4–7 in China.

• A cost–effectiveness analysis was conducted based on a hybrid decision tree and Markov model from both the
societal and healthcare perspectives in China.

• The modeled treatment effect and utility data were derived from the clinical trials of PR-fampridine.
• The BSC consisted of other supportive drugs, outpatient visits, examinations and lab tests, hospitalization and

rehabilitation. The PR-fampridine plus BSC strategy considered the drug cost and adverse event management cost
of PR-fampridine as well.

• The costs of walking aids and productivity loss were also included in the societal perspective. Unit costs and
utilization of healthcare resources were obtained from published sources or clinical experts’ interviews.

• Both quality-adjusted life years and costs were discounted at a rate of 5%, and a half-cycle correction was
applied. Uncertainty was assessed by one-way and probabilistic sensitivity analyses.

• Over a 10-year time horizon, adding PR-fampridine to BSC led to an incremental quality-adjusted life year gain of
0.15 and lower total costs from both perspectives.

• The addition of PR-fampridine reduced the cost of healthcare resource utilization, especially the costs of
rehabilitation, other supportive drugs and outpatient visits. In addition, the PR-fampridine plus BSC strategy
presented lower costs of walking aids and productivity loss of patients and caregivers from the societal
perspective.

• Sensitivity analyses confirmed the robustness of the results.
• Compared with BSC alone, PR-fampridine plus BSC is considered an economically dominant strategy (better

effectiveness and lower costs) for adult MS patients with walking disability (Expanded Disability Status Scale
scores 4–7) in China.
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