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ABSTRACT

Aim: To evaluate the real-world comparative effectiveness and the cost-effectiveness, from a UK
National Health Service perspective, of natalizumab versus fingolimod in patients with rapidly evolving
severe relapsing-remitting multiple sclerosis (RES-RRMS).

Methods: Real-world data from the MSBase Registry were obtained for patients with RES-RRMS who
were previously either naive to disease-modifying therapies or had been treated with interferon-based
therapies, glatiramer acetate, dimethyl fumarate, or teriflunomide (collectively known as BRACETD).
Matched cohorts were selected by 3-way multinomial propensity score matching, and the annualized
relapse rate (ARR) and 6-month-confirmed disability worsening (CDW6M) and improvement (CDI6M)
were compared between treatment groups. Comparative effectiveness results were used in a cost-
effectiveness model comparing natalizumab and fingolimod, using an established Markov structure
over a lifetime horizon with health states based on the Expanded Disability Status Scale. Additional
model data sources included the UK MS Survey 2015, published literature, and publicly available
sources.

Results: In the comparative effectiveness analysis, we found a significantly lower ARR for patients
starting natalizumab compared with fingolimod (rate ratio [RR]=0.65; 95% confidence interval [Cl],
0.57-0.73) or BRACETD (RR = 0.46; 95% Cl, 0.42-0.53). Similarly, CDI6M was higher for patients starting
natalizumab compared with fingolimod (hazard ratio [HR] = 1.25; 95% Cl, 1.01-1.55) and BRACETD (HR
= 1.46; 95% Cl, 1.16-1.85). In patients starting fingolimod, we found a lower ARR (RR = 0.72; 95% Cl,
0.65-0.80) compared with starting BRACETD, but no difference in CDI6GM (HR = 1.17; 95% Cl, 0.91-
1.50). Differences in CDW6M were not found between the treatment groups. In the base-case cost-
effectiveness analysis, natalizumab dominated fingolimod (0.302 higher quality-adjusted life-years
[QALYs] and £17,141 lower predicted lifetime costs). Similar cost-effectiveness results were observed
across sensitivity analyses.

Conclusions: This MSBase Registry analysis suggests that natalizumab improves clinical outcomes
when compared with fingolimod, which translates to higher QALYs and lower costs in UK patients
with RES-RRMS.

PLAIN LANGUAGE SUMMARY

There are several medications used to treat people with relapsing remitting multiple sclerosis, such as
interferon-based therapies (Betaferon/Betaseron (US), Rebif, Avonex, Extavia), glatiramer acetate
(Copaxone), teriflunomide (Aubagio), and dimethyl fumarate (Tecfidera), collectively named BRACETD.
Other treatments for multiple sclerosis (MS) have a narrower use, such as natalizumab (Tysabri) or fin-
golimod (Gilenya), among others.

This study objective was to assess how well natalizumab and fingolimod helped treating MS (clinical
effectiveness) and subsequently estimate what the cost of these treatments is in comparison to the
benefit they bring to people with rapidly evolving severe MS that use them in the United Kingdom
(UK) (cost-effectiveness).

We used an international disease registry (MSBase), which collects clinical data from people with MS
in various centers around the world to compare the effectiveness of natalizumab, fingolimod and
BRACETD treatments. We used a technique called propensity score matching to obtain results from
comparable patient groups. People treated with natalizumab had better disease control, namely with
fewer relapses and higher improvement on their disability level, than patients on fingolimod or
BRACETD. Conversely, there were no differences between each group of people on a measure called
disability worsening.

Based on these clinical results, we built an economic model that simulates the lifetime costs and con-
sequences of treating people with MS with natalizumab in comparison with fingolimod. We found
that using natalizumab was less costly and was more effective compared to using fingolimod in UK
patients.
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Introduction

Multiple sclerosis (MS) is a chronic neurological disease that
clinically manifests with episodic neurological dysfunction
and increasing disability in a proportion of patients over
time."? Persistent disability as a result of relapses or disease
progression may be reduced by early access to high-efficacy
therapies in patients with active disease.®> However, there are

high direct and indirect costs*® associated with MS, which

underscore the importance of comparative effectiveness and
cost-effectiveness analyses for use in health technology assess-
ments (HTAs) to inform pricing and reimbursement decisions.
Although HTAs have traditionally relied on efficacy data from
randomized controlled trials, real-world data (RWD) provide
valuable evidence to support and build upon evidence from



clinical trials. Accordingly, HTA agencies are increasingly using
RWD to evaluate existing treatment options, especially for
conditions such as MS” with available disease registries.®?

Large MS disease registries, such as the international
MSBase Registry (MSBase),” provide RWD that can be used
for both comparative clinical and economic evaluations.
These registries provide researchers with rich data density on
cohorts of patients with MS followed up longitudinally for
long periods. This allows for the use of methods to adjust
for differences in patient characteristics between groups,
thus lowering the risk of bias in nonrandomized studies.
Traditional first-line DMTs for RRMS, based on their approved
indication, are collectively referred to as BRACETD and
include interferon-based therapies, glatiramer acetate, teriflu-
nomide, and dimethyl fumarate.'" Compared with interferon-
based therapies and glatiramer acetate, therapies such as
natalizumab or fingolimod are more effective in preventing
relapses and delaying disability progression.'> In the
European Union, natalizumab and fingolimod are indicated
in patients with highly active (HA) RRMS with inadequate
response to first-ine DMTs and in patients with rapidly
evolving severe (RES) RRMS with or without prior DMT
exposure.”>”'> However, the use of these therapies must be
balanced with the increased risk of adverse events (AEs),
such as the serious AE of progressive multifocal leukoence-
phalopathy (PML), as well as the risk of other infections, car-
diac events, and active malignancies.'"'®"”

We recently used real-world comparative effectiveness
data to inform the economic evaluation of RRMS treatment
escalation alternatives in patients with HA-RRMS in the
United Kingdom (UK).'® In this study, which was the first of
its kind in the MS literature, we conducted an MSBase ana-
lysis in alignment with established health economic model-
ing requirements in MS. The results of this previous analysis
suggested improved clinical and economic outcomes for
therapy escalation to natalizumab versus fingolimod in
patients with HA-RRMS with inadequate response to
BRACETD. In recent years, high-efficacy treatments have
been used earlier in the treatment paradigmw; therefore,
assessing the effectiveness of natalizumab and fingolimod in
the RES subpopulation, including in treatment-naive patients,
is paramount. Additionally, extending our integrated analyt-
ical approach to the RES-RRMS population is key to a com-
prehensive assessment of the value of these DMTs across the
HA- and RES-RRMS indications. Accordingly, the objective of
the present study was to conduct a comparative effective-
ness analysis using RWD from MSBase for use in a pharmaco-
economic model to estimate the cost-effectiveness of
natalizumab compared with fingolimod in patients with RES-
RRMS from a UK National Health Service perspective.

Methods
Study population

The study population comprised adult patients (age >
18 years) with RES-RRMS (defined as > 2 relapses in the pre-
vious year) starting treatment with natalizumab, fingolimod,
or BRACETD who previously either were naive to DMTs or
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had been treated with a different BRACETD therapy, reflect-
ing the regulatory indication of natalizumab and fingolimod
currently approved by the European Medicines Agency.
Patients starting treatment with BRACETD (for the first time
or switching within BRACETD) were included as a common
reference group to facilitate extrapolation and post discon-
tinuation scenarios in the cost-effectiveness analysis.

The international MSBase Registry (MSBase)” is currently the
largest single MS registry available worldwide. With over
80,000 patients with MS across more than 40 countries, data
from MSBase provide a large source of RWD that can be used
for comparison of DMT effectiveness in MS. Longitudinal data
from 68,619 patients across 169 MS centers in 41 countries
were extracted from MSBase on 8 August 2019 to identify
patients meeting the RES-RRMS criteria. While participating
centers are requested to perform a clinical assessment of their
patients at least yearly, this was not used as an exclusion cri-
terion. In the UK, RES-RRMS is defined as patients experiencing
> 2 disabling relapses in a year and > 1 brain lesion identified
by magnetic resonance imaging (MRI), according to the RES-
RRMS definition in UK marketing authorizations'® and HTA
recommendations.'®'® In this study, patients who met the
criterion of > 2 relapses in the previous year were eligible for
inclusion in the analysis; the presence of brain lesions was not
required for study inclusion, as MRI lesion data are not reliably
collected in all MSBase centers.” The following patient data
were also required as inclusion criteria: available data for a pre-
defined set of matching variables, including Expanded
Disability Status Scale (EDSS) at the time of treatment initiation
(Table 1); a minimum treatment persistence of 3 months after
treatment initiation; and at least 1 subsequent on-treatment
EDSS record. Patients treated with non-BRACETD therapies
prior to starting treatment with natalizumab, fingolimod, or
BRACETD and patients enrolled in a randomized controlled trial
in MS prior to the date of the qualifying relapse (the first,
second, or subsequent relapse in the previous year) were
excluded from the analysis.

To account for potential differences in baseline patient
characteristics, matched cohorts for patients starting natalizu-
mab, fingolimod, and BRACETD therapies were selected by
performing 3-way multinomial propensity score matching.®
In this analysis, baseline was defined as the date at which
the index DMT (natalizumab, fingolimod, or BRACETD) was
initiated. The predefined baseline variables used in the
matching algorithm included age, sex, country, disease dur-
ation, baseline EDSS score, DMT history (including proportion
of naive or treatment-experienced patients, proportion of dis-
ease duration on treatment, and pre-index DMT), and relapse
history (number of relapses and steroid-treated relapses in
the last 12 or 24 months before treatment switching). These
variables were selected based on availability in the core
MSBase dataset and on potential correlation with treatment
outcomes, based on prior MSBase research and published lit-
erature.'®?'?2 | ogistic regression was used to derive propen-
sity scores for the natalizumab, fingolimod, and BRACETD
cohorts, with the treatment group as the dependent variable
and the predefined matching variables as independent
model covariates. Cohort characteristics prior to matching
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Table 1. Baseline patient characteristics for the MSBase cohorts after matching.

Patient characteristic®

Index DMT (starting or switching to)

Absolute standardized differences

Natalizumab Fingolimod BRACETD Natalizumab vs Natalizumab vs Fingolimod vs
(n = 721) (n = 721) (n = 721) fingolimod BRACETD BRACETD
Age, mean (SD), years 36.0 (9.3) 36.0 (9.7) 35.7 (9.4) 0.002 0.031 0.032
Sex, female, n (%) 535 (74.2) 514 (71.3) 519 (72.0) 0.065 0.050 0.015
Country, n (%) 0.047 0.066 0.014
Italy 104 (14.4) 97 (13.5) 184 (25.5)
Czech Republic 2 (12.8) 145 (20.1) 167 (41.3)
Turkey 7 (16.8) 131 (18.2) 52 (7.2)
Spain 8 (9.4) 100 (13.9) 88 (12.2)
Australia 134 (18.6) 118 (16.4) 70 (9.7)
Other 286 (39.7) 130 (18.0) 160 (22.2)
EDSS score, median (IQR) 5 (2.0, 3.5) 2.5 (2.0, 4.0) 2.5 (1.5, 4.0) 0.125 0.005 0.110
Disease duration, mean (SD), years 3(7.2) 74 (7.1) 7.0 (7.1) 0.016 0.042 0.058
On-treatment proportion of disease duration, 4 (0.3) 0.4 (0.3) 0.4 (0.3) 0.014 0.012 0.025
mean (SD)
Prior treatment with DMT, n (%) 550 (76.3) 553 (76.7) 549 (76.1) 0.010 0.003 0.013
Pre-index DMT, n (%)° 0.012 0.015 0.026
DMT naive 171 (23.7) 168 (23.3) 172 (23.9)
Interferon beta-1b SC* 104 (14.4) 109 (15.1) 89 (12.3)
Interferon beta-1a SC 162 (22.5) 148 (20.5) 191 (26.5)
Interferon beta-1a IM 106 (14.7) 94 (13.0) 142 (19.7)
Glatiramer acetate 140 (19.4) 156 (21.6) 92 (12.8)
Teriflunomide 12 (1.7) 19 (2.6) 11 (1.5)
Dimethyl fumarate 26 (3.6) 27 (3.7) 24 (3.3)
Total relapse onsets in the prior 12 months, 2.2 (0.5) 2.3 (0.6) 2.2 (0.5) 0.121 0.019 0.144
mean (SD)
Total relapse onsets in the prior 24 months, 2.8 (1.0) 2.9 (1.0) 2.7 (1.0) 0.120 0.043 0.160
mean (SD)
Total steroid-treated relapse onsets in the 1.5 (0.9) 1.5 (1.0 1.4 (0.9) 0.030 0.028 0.056
prior 12 months, mean (SD)
Total steroid-treated relapse onsets in the 1.8 (1.2) 1.9 (1.3) 1.8 (1.3) 0.033 0.032 0.063

prior 24 months, mean (SD)

Abbreviations. BRACETD, interferon-based therapies, glatiramer acetate, teriflunomide, and dimethyl fumarate; DMT, disease-modifying therapy; EDSS, Expanded
Disability Status Scale; IM, intramuscular; IQR, interquartile range; SC, subcutaneous; SD, standard deviation.

aThe baseline patient characteristics prior to matching for the MSBase cohorts are presented in Table S1 (Supplementary Material).

PThe percentage distribution of therapies after the index date for the BRACETD treatment group is presented in Table S2 (Supplementary Material).

“The MSBase data did not distinguish between the use of interferon beta-1b SC (Betaferon® or Extavia™; as such, the matching algorithm did not distinguish

between the 2 options.

are presented in Table ST (Supplementary Material) and a
Consolidated Standards of Reporting Trials (CONSORT)-like
diagram detailing patient selection is presented in Figure 1.

Comparative effectiveness analysis

Outcome measures

The follow-up period for all patients included in the MSBase
analysis began at the time of treatment initiation and ended
with discontinuation of the primary treatment, conversion to
secondary progressive MS (SPMS), the end of patient-specific
EDSS data recorded in MSBase, or death. Outcomes consid-
ered in the comparative effectiveness analysis included
annualized relapse rate (ARR), time to first relapse, time to 6-
month-confirmed disability worsening (CDW6M), and time to
6-month-confirmed disability improvement (CDI6M). Time to
3-month-confirmed disability worsening (CDW3M) and time
to 3-month-confirmed disability improvement (CDI3M) were
also considered for scenario analysis.

Comparative effectiveness outcomes were implemented
using the definitions previously described in Spelman et al.'®
A relapse was confirmed by the treating physician and was
defined as the presentation of new symptoms or exacerba-
tion of existing symptoms persisting for at least 24 h, without
concurrent illness or fever, and separated in time by at least

30days after a previous relapse.?® Relapse confirmation with
EDSS scores or MRI was not required. CDW6M and CDW3M
were defined as an increase in EDSS score of at least 1 point
from baseline sustained between 2 follow-up visits within no
less than 6 months or 3 months, respectively (1.5 points if
EDSS score at baseline was 0; 0.5 points if the baseline EDSS
score was > 5.5). CDI6M and CDI3M were defined as a
decrease in EDSS score of at least 1 point from a baseline
EDSS score > 2 sustained between 2 follow-up visits within
no less than 6 months or 3 months, respectively. CDW6M and
CDI6M were modeled as separate outcomes and excluded
EDSS scores within 30days of a relapse. A 6-month confirm-
ation of disability changes was required for the primary ana-
lysis based on regulatory preferences®* and a 3-month
confirmation definition was used in scenario analysis.

To estimate EDSS transition probability matrices for use in
the cost-effectiveness analysis, we identified all EDSS scores
within calendar year intervals as long as they were at least
90 days apart from each other for all patients in each treat-
ment cohort over the duration of the follow-up period. EDSS
scores were considered invalid if they were reported within
90 days of each other, in order to have a minimum 3-month
duration to exclude shorter fluctuations in EDSS levels, which
are often due to relapses and do not represent long-term
disability changes. EDSS changes persisting beyond 3 months
were considered likely to represent true changes in disability
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MSBase participants at the time of analysis

(n = 68,619)

l
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Age > 18 years with RRMS initiating treatment with natalizumab, fingolimod, or a BRACETD therapy
meeting the RES criteria (> 2 relapses in the 12 months prior to initiation)®

(n = 11,992 contributing 16,492 eligible treatment episodes)

v

Starting natalizumab

(n = 1,195 contributing 2,374
eligible treatment episodes)

Exclusions

» <3 months persistence
(n = 338 treatment
episodes)

« Minimum dataset® not
complete (n =253
treatment episodes)

Natalizumab, unmatched

(n =1,738 contributing 1,783
treatment episodes)

l
l

Natalizumab, unmatched
(n =1179)

l

Natalizumab, matched
(n=721)

v

Starting fingolimod

(n =1,520 contributing 1,534
eligible treatment episodes)

Exclusions

» <3 months persistence
(n =147 treatment
episodes)

« Minimum dataset® not
complete (n =159
treatment episodes)

Fingolimod, unmatched

(n =1,214 contributing 1,228
treatment episodes)

l

One treatment episode per patient®

l

Fingolimod, unmatched
(n = 854)

l

Propensity score matching (1:1: 1 ratio)

l

Fingolimod, matched

(n=721)

v

Starting BRACETD

(n = 9,759 contributing 11,561
eligible treatment episodes)

Exclusions

« <3 months persistence
(n = 994 treatment
episodes)

+ Minimum dataset® not
complete (n = 3,135
treatment episodes)

BRACETD, unmatched

(n = 6,589 contributing 7,432
treatment episodes)

l
l

BRACETD, unmatched
(n=4,768)

l

BRACETD, matched
(n=721)

Figure 1. Patient selection flow chart for MSBase analysis. Abbreviations. BRACETD, interferon-based therapies, glatiramer acetate, teriflunomide, and dimethyl
fumarate; EDSS, Expanded Disability Status Scale; RES, rapidly evolving severe; RRMS, relapsing-remitting multiple sclerosis. Requires >2 relapses in the previous
12 months; a minimum treatment persistence of 3 months after treatment initiation; >3 months of data following therapy initiation, disability quantified with
EDSS recorded at time of therapy initiation and at least 1 subsequent on-treatment EDSS record. PAll variables included in the propensity score matching algorithm
(Table 1 in the main text) were required for inclusion in the analysis. “For patients contributing multiple episodes within the same treatment group, the first epi-
sode was selected. For patients contributing multiple episodes to different groups, the smaller group was prioritized to maximize statistical power.

level, and hence included in the EDSS transition probability
matrix analysis. Because these are changes within a calendar
year, confirmation of the change in EDSS score during each
yearly interval was not required. Patients were allowed to con-
tribute multiple distinct yearly intervals to the transition matrix
analysis. In alignment with the cost-effectiveness model struc-
ture, noninteger EDSS scores were rounded down.

Statistical analysis

All statistical analyses were performed as previously
described'® using Stata version 16 (RRID:SCR_012763) and R
Project for Statistical Computing version 3.6.3 (RRID:SCR_
001905). Comparative effectiveness analyses were conducted
pairwise between each of the 3 treatment groups.
Specifically, ARRs were analyzed overall and by baseline



114 (&) T.SPELMAN ET AL.

EDSS score using a generalized estimating equation Poisson
regression model. Time to first relapse, CDW6M, and CDI6M
utilized a Kaplan-Meier approach and a marginal Cox regres-
sion model that adjusted for matching but did not adjust for
other covariates. Patients with < 3 EDSS scores (e.g. baseline,
change from baseline, and confirmation) were included in
the CDW6M and CDI6M analyses; however, these patients
were considered not to have a confirmed EDSS change. We
used statistical tests appropriate for the clustered nature of
the matched design and matched triplets were censored at
discontinuation of the primary treatment or the last recorded
on-treatment visit. The significance threshold was set
at p <.05.

For the transition matrix analysis, we estimated the prob-
ability of transitioning between each possible pair of EDSS
scores (both progression and regression were allowed) within
a single year using all valid yearly intervals for each treat-
ment cohort.”® A valid yearly interval includes any time
range between January and December of a given year if the
patient met the inclusion criteria defined in the study with at
least two valid EDSS measurement scores at least 90 days
apart from each other (in order to create a transition
between EDSS levels). Following the memoryless property of
the Markov-based cost-effectiveness modeling approach, all
valid yearly intervals were given the same weight, including
multiple intervals identified for the same patient and inter-
vals occurring during different years of the follow-up period.

Cost-effectiveness analysis

We used the cost-effectiveness modeling approach used in
our previous RWD model published in Spelman et al.,'®
which was developed in alignment with UK guidelines®® and
with modeling precedent in MS.??® The model was pro-
grammed in Microsoft Excel (RRID: SCR_016137) for Windows
with Visual Basic for Applications (Microsoft Corporation).

Modeling approach

The model used an established, Markov-based approach with
annual cycle length and integer EDSS-based health states to
track a cohort of patients with RES-RRMS as they experienced
disability worsening or improvement and relapses associated
with RRMS, conversion to SPMS, disability worsening and
relapses associated with SPMS, and death. The model struc-
ture includes discrete EDSS health states for patients with
RRMS (EDSS score 0 to 9.0) and SPMS (EDSS score 1.0 to 9.0)
(Figure 2). Consistent with modeling precedent in MS,*”-?®
disability worsening (i.e. transition to a higher EDSS score)
was allowed in both RRMS and SPMS, while disability
improvement (i.e. transition to a lower EDSS score) was
allowed only in RRMS. Conversion from RRMS to SPMS was
assumed to be associated with a 1-point increase in EDSS
score; transition from SPMS back to RRMS was not permitted,
consistent with clinical disease evolution in MS. Transitions
of >1 EDSS score in a single cycle were considered in the
model.

MS is a chronic, progressive disease without a cure; there-
fore, the analysis was conducted over a lifetime horizon from
a UK National Health Service (i.e. a healthcare payer) perspec-
tive; shorter time horizons and a societal perspective were
considered in scenario analyses. We used the 2021 Great
British Pound (GBP; £) for the cost year in the analysis. In
accordance with current UK methods of HTA,?® a 3.5% annual
discount was used for all costs and health outcomes, and in
scenario analysis, we considered alternative discounting rates.

Data sources

Data for the cost-effectiveness analysis were drawn from
RWD sources wherever possible. Synthesized clinical trial
data, the published literature, and other publicly available
data sources were used when necessary. An overview of data
sources and specific contributions is shown in Figure S1 of
the Supplementary Material.

Clinical data from MSBase. The primary clinical data for
RRMS were obtained from the results of the MSBase com-
parative effectiveness analysis: baseline age, sex, and EDSS
distribution (Table S3, Supplementary Material); hazard ratios
(HRs) for CDW6M and CDI6M; rate ratios (RRs) for relapses
for natalizumab and fingolimod (reference =BRACETD)
(Table 2 and Tables S4-S7, Supplementary Material); and
treatment-specific annual EDSS transition probability matrices
and ARRs for each MSBase treatment cohort (Tables S8-510,
Supplementary Material). The base-case cost-effectiveness
analysis used the MSBase results for the matched cohorts;
results for the unmatched cohorts were considered in scen-
ario analysis.

The MSBase cohorts had limited numbers of patients with
an EDSS score > 7.0; therefore, we used transition probabil-
ities from the British Columbia Multiple Sclerosis (BCMS)
database®® and ARRs from a previous analysis®° to extrapo-
late the MSBase results for these EDSS scores. The BCMS is a
natural history database comprising all EDSS levels in both
RRMS and SPMS that has been used previously to supple-
ment data for higher EDSS levels?”?%; the transition matrix
and ARR extrapolation methodologies have been described
previously.'®

We implemented two options for using the MSBase
results to model the effectiveness of natalizumab and fingoli-
mod over time: (1) direct use of the treatment-specific EDSS
transition matrices and ARRs by EDSS score for natalizumab
and fingolimod and (2) application of HRs for CDW6M and
CDI6M and RRs for relapse to the EDSS transition matrix and
ARRs by EDSS score for BRACETD, producing comparative
effectiveness—adjusted transition matrices and ARRs for nata-
lizumab and fingolimod. In the base-case analysis, the model
used the approach that most closely represented the clinical
data, and therefore option 1 was used for the duration of
follow-up observed in MSBase and option 2 was used for
long-term extrapolation. The use of each approach was con-
sidered individually in scenario analysis.

Real-world data on annual discontinuation probabilities for
natalizumab and fingolimod were also available from MSBase.
However, a meaningful proportion of discontinuations
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Figure 2. Model structure diagram for cost-effectiveness analysis. Abbreviations. EDSS, Expanded Disability Status Scale; RRMS, relapsing-remitting multiple
sclerosis; SPMS, secondary progressive multiple sclerosis. Note: EDSS changes of more than one level are permitted. ®Death is reachable from all health states.
Image modified under the Creative Commons 4.0 License and credited to Spelman, T., Herring, W.L, Zhang, Y. et al. Comparative Effectiveness and Cost-
Effectiveness of Natalizumab and Fingolimod in Patients with Inadequate Response to Disease-Modifying Therapies in Relapsing-Remitting Multiple Sclerosis in the
United Kingdom. PharmacoEconomics. 2022;40:323-339. https://doi.org/10.1007/540273-021-01106-6.

observed in the MSBase data were scheduled treatment stops
(e.g. maximum treatment durations), which are not consistent
with the product labels for natalizumab and fingolimod in the
UK. As such, discontinuation data from MSBase were not
selected for the base case; however, the MSBase discontinu-
ation probabilities with scheduled stops excluded were con-
sidered in scenario analysis (Table S11, Supplementary
Material).

Other clinical data. The use of other clinical data for the
base-case analysis was largely kept consistent with our previ-
ous analysis in patients with HA-RRMS.'® Dosing regimens,
including administration and monitoring requirements, for
natalizumab (300 mg every 4 weeks) and fingolimod (0.5 mg
daily) were based on publicly available information in align-
ment with previous analyses (Table S12, Supplementary
Material). Annual discontinuation probabilities (Table 2) and
AE incidence rates (Table S13, Supplementary Material),
including for PML, were obtained from a synthesis of pub-
lished clinical trial data®’* and other published litera-
ture®>3® in alignment with our previous analysis.'®
Additionally, the model assumed treatment-stopping rules
for progression to an EDSS score > 7.0 and for conversion to
SPMS, based on input from MSBase clinical experts. After
stopping treatment, cohorts were assumed to progress

according to natural history as described below. Alternative
discontinuation probabilities, including real-world discontinu-
ation from MSBase, were considered in scenario analysis.

Similar to our previous cost-effectiveness analysis in HA-
RRMS,'® the model used the EDSS transition probability
matrix from the BCMS database?® and ARRs by EDSS score
from the placebo arm of the RES subpopulation from the
AFFIRM study>® after discontinuation of natalizumab or fin-
golimod until conversion to SPMS. Using a natural history
dataset with patients meeting the RES criteria, such as the
RES subpopulation from the placebo arm of the AFFIRM
study, provided data that most closely matched the popula-
tion of this analysis. Data from the London Ontario MS data-
base®” and from a previous cost-effectiveness analysis*® were
used for conversion to SPMS and for EDSS worsening and
ARRs in SPMS, respectively. A constant standardized mortality
ratio®® of 2.88 (95% confidence interval [Cl], 2.71-3.06) for
patients with MS was applied multiplicatively to age- and
sex-specific general population mortality probabilities from
the UK.>® Alternative mortality ratios by disease severity from
an early study analyzing survival in patients with MS*® were
used in scenario analysis.

Cost and utility data. Annual acquisition, administration,
and monitoring costs for natalizumab and fingolimod were
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Table 2. Treatment-specific comparative effectiveness outcomes, costs, discon-
tinuation rates, and adverse event outcomes used in the cost-effectiveness
model.

Natalizumab Fingolimod
Comparative effectiveness outcomes (reference = BRACETD)?
Mean years of follow-up (SD) 3.01 (2.26) 2.85 (1.93)

Rate ratio for ARR (95% Cl)
Hazard ratio for CDW6M (95% Cl)
Hazard ratio CDI6M (95% Cl)

0.46 (0.42-0.53)
1.01 (0.76-1.34)
1.46 (1.16-1.85)

(
0.72 (0.65-0.80)
0.84 (0.63-1.12)
1.17 (0.91-1.50)

EDSS transition matrix for RRMS See Table S8 See Table S9

ARRs by EDSS for RRMS See Table S8 See Table S9
Treatment costs per year®

Acquisition (all years) £14,740.45 £19,175.63

Administration (year 1) £3,348.52 £491.11

Administration (years 2+) £3,348.52 £0.00

Monitoring (year 1) £404.71 £762.34

Monitoring (years 2+) £383.60 £411.93
Treatment discontinuation®

Discontinuation per year 6.3% 10.3%

AE outcomes per year on treatment (weighted average including PML)®
Costs £149.05 £898.27
QALY decrement 0.0063 0.0073

Abbreviations. AE, adverse event; ARR, annualized relapse rate; BRACETD,
interferon-based therapies, glatiramer acetate, teriflunomide, and dimethyl
fumarate; CDI6M, 6-month-confirmed disability improvement; CDW6M, 6-
month—confirmed disability worsening; Cl, confidence interval; EDSS,
Expanded Disability Status Scale; OWSA, one-way sensitivity analysis; PML,
progressive multifocal leukoencephalopathy; PSA, probabilistic sensitivity ana-
lysis; QALY, quality-adjusted life-year; RRMS, relapsing-remitting multiple scler-
osis; SD, standard deviation.

Detailed comparative effectiveness outcomes, including uncertainty parame-
ters and distributions for the OWSA and PSA, are presented in Figure 3 and
in Tables S4-S10 (Supplementary Material).

bAcquisition costs (from UK list prices‘”) were varied in the OWSA only, while
administration and monitoring costs (from resource utilization frequencies
and standard UK unit costs*?>~**¢7:%%) \ere varied in the PSA and OWSA. See
Table S12 (Supplementary Material) for the specific resources used and their
unit costs. For all costs, a gamma distribution was used with the standard
errors assumed to be 10% of the means.

“Discontinuation probabilities (derived from pivotal clinical trials for natalizu-
mab*® and fingolimod®'3?) were varied in the OWSA and the PSA using a
beta distribution (sample sizes for beta distribution: N=627 for natalizumab;
N =856 for fingolimod).

9Source information, uncertainty parameters, and sampling distributions for
AE incidence rates, AE costs per event, and AE QALY decrements per event
are provided in Table S13 (Supplementary Material).

estimated from UK list prices*' using treatment-specific
resource utilization frequencies**™** (Table 2 and Table S12,
Supplementary Material). Percentage reductions for the fin-
golimod acquisition price were considered in scenario ana-
lysis, as fingolimod, unlike natalizumab, is covered by a
confidential patient access scheme in the UK.** Direct and
indirect costs associated with MS management and relapses
and patient utility values by EDSS score in RRMS and SPMS
were estimated from participants in a 2015 UK MS burden-
of-iliness study (Table 3)*> Reflecting the base-case third-
party payer perspective, only direct costs were used in the
base-case analysis. Direct costs and quality-adjusted life-year
(QALY) decrements associated with AEs are presented in
Table S13 (Supplementary Material). Indirect costs were used
in a scenario analysis considering the societal perspective,
which also included caregiver disutilities by EDSS score from
the published literature.*®

Analysis of uncertainty
One-way and probabilistic sensitivity analyses were con-
ducted to assess the impact of parameter uncertainty on the

Table 3. Direct costs and utility values associated with MS management and
relapses.
EDSS score®

Direct costs® Utility values/decrement®

RRMS SPMS RRMS SPMS
MS Management  Annual costs Utility values
0 £504.55 £621.96 0.908 0.888
1.0 £917.73 £1,131.27 0.797 0.777
2.0 £4,770.43 £5,880.46 0.705 0.685
3.0 £3,781.73  £4,661.71 0.583 0.563
4.0 £3,594.10 £4,430.42 0.615 0.595
5.0 £5,017.36  £6,184.85 0.579 0.559
6.0 £9,933.61 £12,245.07 0.490 0.470
7.0 £15943.92 £19,653.94 0.407 0.387
8.0 £28,745.04 £35,433.77 0.167 0.147
9.0 £35,736.87 £44,052.54 —0.101 —0.121
Relapses Cost per event Utility decrement per event
All EDSS scores  £438.49 £438.49 0.013 0.013

Source: 2015 UK MS Burden-of-lliness Survey“'5 (inflated from 2016 to 2021
Great British Pounds using the consumer price index for health®).
Abbreviations. EDSS, Expanded Disability Status Scale; MS, multiple sclerosis;
OWSA, one-way sensitivity analysis; PSA, probabilistic sensitivity analysis;
RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive mul-
tiple sclerosis.

“Direct management and relapse costs by EDSS for both RRMS and SPMS
were varied for the PSA and the OWSA using a gamma distribution with
standard errors assumed to be 20.0% of the means.

BUtility values by EDSS for RRMS and SPMS without relapse were varied for
the PSA and the OWSA using a lognormal distribution (as differences from 1
to allow for negative utility values), with standard errors assumed to be 20%
of the means. Relapse utility decrements were varied for the PSA and the
OWSA using a beta distribution, with standard errors assumed to be 20% of
the means.

base-case cost-effectiveness results. The probability distribu-
tions for each parameter type were selected in alignment
with best practices.””*® The specific distributions and uncer-
tainty parameters used in the sensitivity analyses are
described in the detailed notes accompanying each input
parameter table. Specifically, the one-way sensitivity analysis
(OWSA) evaluated the impact of uncertainty in one
parameter (or group of parameters) at a time by estimating
the model outcomes at the lower and upper bounds of the
corresponding 95% Cls. In contrast, the probabilistic sensitiv-
ity analysis (PSA) evaluated the joint impact of parameter
uncertainty by estimating the model outcomes for 10,000
random samples drawn from the probability distributions.
Deterministic scenario analyses were also conducted on alter-
native model settings, approaches to using the MSBase
results, treatment discontinuation probabilities, and other
data sources. Because there are limitations to interpreting
negative incremental cost-effectiveness ratios, sensitivity, and
scenario analysis results were presented using the net mon-
etary benefit (NMB) outcome with a willingness-to-pay
threshold of £30,000 per QALY gained.

Validation

The validity of the cost-effectiveness modeling approach
(face validity) and implementation (internal validity) was
assessed previously in alignment with best practices, as
described in Spelman et al.'® In the present study, external
validity was evaluated by comparing our results with previ-
ously published cost-effectiveness analyses,”*' including
analyses for the RES-RRMS indication.3>>%>3
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Results
Comparative effectiveness analysis

Patient characteristics

Patient selection for the MSBase analysis is shown in
Figure 1. Among the patients meeting the RES-RRMS criteria,
1,179 patients starting treatment with natalizumab, 854
patients starting treatment with fingolimod, and 4,768
patients starting treatment with a BRACETD therapy were
identified in MSBase. The matching algorithm identified a
total of 721 patient triplets (natalizumab, fingolimod,
BRACETD) for inclusion in the analysis, with baseline charac-
teristics well-balanced across treatment groups (Table 1). The
mean (standard deviation) follow-up time (or treatment dur-
ation) was 3.01 (2.26) years for patients starting treatment
with natalizumab, 2.85 (1.93) years for patients starting fingo-
limod, and 3.30 (3.21) years for patients starting a BRACETD
therapy. Prior to starting the study treatments, 23.3%-23.9%
of patients were naive to DMTs and over 70% of patients in
each matched cohort were being treated with interferon-
based therapies (48.7%-58.5%) or glatiramer acetate (12.8%-—
21.6%). Interferon-based therapies and glatiramer acetate
also represented the majority (85.3%) among patients start-
ing a BRACETD therapy (Table S2, Supplementary Material).
Dimethyl fumarate and teriflunomide therefore represented a
minority of less than 15% of the total patients in the
BRACETD group.

Relapses

The ARR was significantly lower for patients starting treat-
ment with natalizumab compared with patients starting
treatment with fingolimod (RR = 0.65 [95% Cl, 0.57-0.73])
or BRACETD (RR = 0.46 [95% Cl, 0.42-0.53]). The ARR was
also lower for patients starting treatment with fingolimod
compared with those starting to treatment with BRACETD
(RR = 0.72 [95% ClI, 0.65-0.80]) (Figure 3(a)). We observed
significant improvements in time to first relapse in patients
starting treatment with natalizumab compared with patients
starting treatment with fingolimod (HR = 0.63 [95% Cl,
0.53-0.74]) or BRACETD (HR = 0.41 [95% Cl, 0.36-0.48]).
Additionally, starting treatment with fingolimod was associ-
ated with an improved time to first relapse compared with
starting treatment with BRACETD (HR = 0.66 [95% Cl, 0.57-
0.76]) (Figure 3(b)). Tables S4-S7 in the Supplementary
Material further describe the relapse analyses, including
data maturity and results for the unmatched MSBase
cohorts.

Treatment-specific ARRs by EDSS score were estimated
from the matched MSBase cohorts for patients starting treat-
ment with natalizumab, fingolimod, or BRACETD for use in
the cost-effectiveness model (Tables S8-5S10, Supplementary
Material). The ARRs by EDSS score were directionally aligned
with the overall ARR and time to first relapse analyses.
Treatment-specific ARRs by EDSS score were also estimated
for the unmatched MSBase cohorts (estimates not shown) for
use in cost-effectiveness scenario analysis.
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Disability worsening and improvement

There were no significant differences in the rates of CDW6M
between all 3 groups (Figure 3(c)). The rate of CDI6M for
patients starting natalizumab was significantly higher com-
pared with fingolimod (HR = 1.25 [95% Cl, 1.01-1.55]) and
BRACETD (HR = 1.46 [95% CI, 1.16-1.85]); the rate of CDI6M
for patients starting or switching to fingolimod did not differ
significantly from the CDI6M rate for BRACETD (HR = 1.17
[95% Cl, 0.91-1.50]) (Figure 3(d)). Further details on the dis-
ability worsening and improvement analyses, including 3-
month confirmation results, data maturity, and results for the
unmatched MSBase cohorts are available in Tables S4-S7 of
the Supplementary Material.

Treatment-specific EDSS transition probability matrices
were estimated for each matched MSBase treatment cohort
for use in the cost-effectiveness analysis (Tables S$8-S10,
Supplementary Material). These treatment-specific EDSS tran-
sition probability matrices reflect the impact of starting nata-
lizumab, fingolimod, or BRACETD on the annual probabilities
of transitioning between EDSS scores in RRMS. We also esti-
mated EDSS transition probability matrices for the
unmatched MSBase cohorts for use in scenario analysis (esti-
mates not shown).

Cost-effectiveness analysis

Base-case analysis

The distribution of patients across health states over time for
the natalizumab and fingolimod treatment cohorts in the
base-case cost-effectiveness analysis is shown in Figure S2
(Supplementary Material). The clinical benefits observed in
the comparative effectiveness analysis in patients with RES-
RRMS treated with natalizumab translated to fewer lifetime
relapses (26.26 vs. 28.42 [undiscounted]) and higher QALYs
(7.86 vs. 7.56 [discounted]) compared with fingolimod
(Table 4). The base-case cost-effectiveness analysis assumed
that the only parameters impacting mortality differently
between the natalizumab and fingolimod treatment cohorts
were the incidence of PML and deaths due to PML. The rela-
tively higher risk of PML associated with natalizumab led to
a minor difference in life-years observed between the 2 treat-
ment options (0.11 fewer life-years for natalizumab com-
pared with fingolimod) (Table 4).

Patients starting treatment with natalizumab were pre-
dicted to have higher treatment-related direct costs than
patients starting fingolimod (£92,502 vs. £89,525) owing to a
longer time spent on treatment (5.61years vs. 4.43years)
(Table 4). However, the higher treatment-related costs for
natalizumab were offset by the reduction in disease manage-
ment and relapse costs associated with the improved health
outcomes for natalizumab. Overall, patients starting natalizu-
mab were predicted to have lower overall direct costs than
patients starting fingolimod (£492,341 vs £509,482). Taken
together, the higher predicted lifetime QALYs (0.302 higher
per patient) and lower predicted lifetime costs (£17,141
lower per patient) for natalizumab indicated that natalizu-
mab dominated fingolimod in the base-case cost-effective-
ness analysis. At a willingness- to-pay threshold of £30,000
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Figure 3. Comparative effectiveness analysis results for natalizumab and fingolimod compared with BRACETD. Abbreviations. ARR, annualized relapse rate;
BRACETD, interferon-based therapies, glatiramer acetate, teriflunomide, and dimethyl fumarate; CDI6M, 6-month-confirmed disability improvement; CDW6M, 6-
month-confirmed disability worsening; Cl, confidence interval; DMT, disease-modifying therapy; HR, hazard ratio; RR, rate ratio. Note: The comparison of natalizu-
mab with fingolimod is presented for context only and is not used in the cost-effectiveness model.

Table 4. Base-case natalizumab versus fingolimod cost-effectiveness analysis results.

Outcomes per patient Natalizumab Fingolimod Incremental (%)
Expected health outcomes
Time on treatment (years) 5.61 443 1.179 (26.6)
Number of relapses (undiscounted) 26.26 28.42 —2.165 (=7.6)
LYs 20.50 20.60 —0.107 (-0.5)
QALYs 7.86 7.56 0.302 (4.0)
Expected cost outcomes
Direct, treatment-related £92,502 £89,525 £2,977 (3.3)
Direct, MS management £392,857 £409,133 —£16,276 (—4.0)
Direct, relapses £6,145 £6,844 —£699 (—10.2)
Direct, adverse events £836 £3,979 —£3,143 (=79.0)
Total direct costs £492,341 £509,482 —£17,141 (-3.4)
Cost-effectiveness outcomes
Incremental cost per QALY gained —£56,725 Natalizumab dominates fingolimod
NMB at £30,000 per QALY gained £26,206

Abbreviations. CE, cost-effectiveness; LY, life-year; MS, multiple sclerosis; NMB, net monetary benefit; QALY, quality-adjusted

life-year.

per QALY gained, the base-case NMB was estimated at
£26,206 (Table 4).

Sensitivity and scenario analyses
Sensitivity and scenario analysis results are presented in
Figures 4 and S3 (Supplementary Material), respectively.
Natalizumab remained dominant over fingolimod for all the
parameters varied in the OWSA (Figure 4(a) and Table S14,
Supplementary Material) and for 94.3% of the 10,000 itera-
tions included in the PSA (Figure 4(b)).

In the scenario analysis considering potential fingolimod
patient access scheme discounts, natalizumab remained

dominant with up to a 20.2% discount in the fingolimod list
price. Additionally, natalizumab remained cost-effective with
fingolimod discounts up to 27.3% and 30.9% at willingness-to-
pay thresholds of £20,000 per QALY gained and £30,000 per
QALY gained, respectively (Figure S3, Supplementary Material).

We performed additional scenario analyses to explore the
impact of alternative model settings, approaches to using
the MSBase results, discontinuation probabilities, and other
data sources. Natalizumab remained dominant over fingoli-
mod in all of the scenario analyses considered (Table S15,
Supplementary Material). In scenarios considering alternative
model settings, shortening the modeling time horizon and
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Figure 4. One-way and probabilistic sensitivity analysis results for cost-effectiveness analysis. Abbreviations. EDSS, Expanded Disability Status Scale; NMB, net mon-
etary benefit; OWSA, one-way sensitivity analysis; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life-year; SPMS, secondary progressive multiple scler-
osis; WTP, willingness to pay. Note: OWSA results are presented in panel a using the NMB outcome with a WTP threshold of £30,000 per QALY gained. Results of

the PSA are presented in panel b.

increasing the annual discount rate yielded lower incremen-
tal QALYs and cost savings, whereas decreasing the annual
discount rate yielded higher incremental QALYs and cost sav-
ings. The inclusion of caregiver disutilities in the analysis

increased incremental QALYs, while consideration of a full
societal perspective also increased the cost savings associ-
ated with natalizumab. Using data from the unmatched
MSBase cohorts for baseline RRMS estimates and treatment
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effectiveness resulted in higher incremental QALYs and
increased cost savings. Incremental QALYs and cost savings
were lower when comparative effectiveness—-adjusted EDSS
transition matrices and ARRs were used exclusively and
higher when only treatment-specific EDSS transition matrices
and ARRs were used. Modeling treatment effectiveness using
3-month confirmation of EDSS score changes did not mean-
ingfully impact model outcomes. Applying uniform treatment
discontinuation probabilities for both natalizumab and fingo-
limod decreased the clinical benefit of natalizumab, as evi-
denced by reduced incremental QALYs, while increasing cost
savings. In exploratory scenario analyses using real-world dis-
continuation data from MSBase with scheduled treatment
stops excluded, natalizumab remained dominant compared
with fingolimod. Finally, considering alternative mortality
data by EDSS score and using cost and utility data from the
2005 burden-of-illness survey both resulted in increased
incremental QALYs but decreased cost savings (Table S15,
Supplementary Material).

Discussion

The present economic evaluation of natalizumab as a treat-
ment option for patients with RES-RRMS builds on the
innovative approach of our previous analysis in patients with
HA-RRMS'® by tailoring a real-world comparative effective-
ness analysis to the requirements of cost-effectiveness mod-
eling in MS. Consistent with our previous findings, the
results of this study suggest that natalizumab improves both
clinical and economic outcomes when compared with fingo-
limod in patients with RES-RRMS. Taken together, these two
partner analyses provide a comprehensive picture of the
real-world value of natalizumab in the UK across the HA-
RRMS and RES-RRMS indications.

The comparative effectiveness analysis conducted in this
study indicated significant improvements in disability and
reduced relapse rates in patients with RES-RRMS starting
treatment with natalizumab compared with those starting
fingolimod or BRACETD. Patients on natalizumab experienced
a 25% increase in the rate of CDI6M and a 35% decrease in
ARR compared with patients on fingolimod. In agreement
with these findings, the results of other RWD studies®*>’
and trial-based indirect treatment comparisons>® suggest
that natalizumab offers higher effectiveness, as evidenced by
improved relapse rates and disability control, compared with
fingolimod in patients with clinically active RRMS. It is not-
able that many of the RWD studies published to date report
a mean of less than 2 relapses in the previous year. Two
publications, however, reported a mean number of relapses
above 2 in the prior year,*>®® which is closer to the current
study population with regards to baseline relapse activity.
The results of both of these studies indicated that, overall,
natalizumab compared favorably to fingolimod regarding
relapse and disability-based outcomes,**®° consistent with
the results currently presented. Lastly, our comparative
effectiveness results indicated a decreased ARR and
improved time to first relapse in patients starting fingolimod
compared with patients starting BRACETD, corroborating the

results of previously published RWD analyses comparing fin-
golimod to injectable-based first-line treatments (interferon-
based therapies and glatiramer acetate).?™®? In the present
analysis, dimethyl fumarate and teriflunomide represented a
small proportion of the BRACETD group (<15%). Previous
studies have shown comparable effectiveness for dimethyl
fumarate and fingolimod;**%* however, the proportion of
dimethyl fumarate within the BRACETD group in our analysis
may have been insufficient to influence the results of the
overall BRACETD group compared with fingolimod.

The clinical benefits estimated from MSBase in the present
study translated to improved long-term outcomes and dis-
ease-related costs in the cost-effectiveness analysis. Despite
the higher treatment-related costs of natalizumab associated
with a longer time on treatment, there were substantial sav-
ings in nontreatment-related costs, which were attributable
to improved health outcomes. Consequently, natalizumab
dominated fingolimod in the base-case cost-effectiveness
analysis, with 0.302 higher predicted lifetime QALYs and
£17,141 lower predicted lifetime costs per patient. This equa-
ted to an NMB of £26,206 at a willingness-to-pay threshold
of £30,000 per QALY gained. These results are consistent
with the findings of other studies comparing the cost-effect-
iveness of natalizumab and fingolimod in the RRMS popula-
tion.>>*>2 While cost-effectiveness analyses specifically in
patients with RES-RRMS are limited, an analysis in Sweden
similarly found that natalizumab dominates fingolimod®* and
a UK-based study found that natalizumab was cost-effective
in comparison with fingolimod at UK list prices.>> However,
both of these prior RES-RRMS cost-effectiveness analyses
relied on clinical trial efficacy data instead of real-world
effectiveness data.

The analyses conducted in this study have several limita-
tions typical of RWD analyses and economic evaluations. First,
these analyses are subject to the limitations of a real-world
registry such as MSBase, including the representativeness of
the RES-RRMS cohorts identified in MSBase to the UK RES-
RRMS population and any potential bias associated with
unmeasured confounding variables (e.g. lack of MRI data)
between the MSBase cohorts after 3-way propensity score
matching. Another limitation associated with the use of the
MSBase analysis is the duration of follow-up and consequent
reliance on extrapolation beyond the observed follow-up
period, which was required to estimate clinical and economic
outcomes over a lifetime horizon. Additionally, while the anal-
yses presented in this study predominantly used contempor-
ary RWD sources, the clinical data for higher EDSS scores and
SPMS were derived from older databases®*3’ and the base-
case treatment discontinuation and AE incidence data were
taken from pivotal clinical trials>'* As highlighted by the
scenario analyses conducted for the cost-effectiveness analysis,
relying on RWD for treatment discontinuation probabilities for
natalizumab and fingolimod introduces uncertainty due to
scheduled treatment stops (i.e. maximum treatment dura-
tions), which are not consistent with the product labels for
natalizumab and fingolimod in the UK. The UK-specific cost
data for our analysis were drawn from multiple sources, which
may introduce some limited uncertainty in the predicted cost-


https://doi.org/10.1080/13696998.2023.2293379
https://doi.org/10.1080/13696998.2023.2293379

effectiveness results. Finally, the analysis does not include
other recently approved DMTs (e.g. alemtuzumab, cladribine,
and ocrelizumab) as potential comparators for natalizumab
because of sample size limitations within MSBase at the time
of the analysis. As additional data on the real-world effective-
ness of these alternative comparators become available,
broader assessments of the economic value of DMTs in the
RES-RRMS population may be conducted.

Clinical data used in the comparative effectiveness ana-
lysis were sourced from MSBase, an international registry
that included approximately 68,000 patients on the date of
data extraction in August 2019. While MSBase included
patient data from the UK, the sample size was insufficient to
conduct a UK-specific MSBase analysis. Thus, factors such as
patient characteristics and variability in real-world clinical
practice between countries may limit the generalizability of
our analyses to the UK RES-RRMS population. In contrast, the
inputs included in the cost-effectiveness analysis in this study
were specific to the UK. Cost-effectiveness analyses are often
country-specific, limiting the generalizability of the predicted
economic outcomes to other settings, as inputs such as
resource utilization and healthcare costs may vary signifi-
cantly between countries.

Finally, we have seen continuously increasing use of nata-
lizumab extended interval dosing, where natalizumab is
administered less frequently (approximately every 6 weeks)
to reduce the risk of PML instead of the approved dosing
every 4weeks.®*%® Moreover, in the beginning of 2021, a
new subcutaneous formulation of natalizumab was approved
in Europe. Both of these events could reduce the cost of
natalizumab beyond what is reflected in this analysis, poten-
tially leading to further improvements in the cost-effective-
ness of natalizumab in comparison with fingolimod.

Conclusion

In summary, the results of this study suggest that starting
treatment with natalizumab improves both clinical and eco-
nomic outcomes in patients with RES-RRMS compared with
starting treatment with fingolimod, from a UK National
Health Service perspective. This evaluation provides add-
itional evidence of the value of natalizumab as a treatment
option for patients with RES-RRMS and complements the
existing body of literature to consider in healthcare decision-
making. Taken together with our previous analysis in
patients with HA-RRMS, these 2 partner analyses complete
the picture of the real-world value of natalizumab in the UK
across the HA-RRMS and RES-RRMS indications. Furthermore,
these studies represent the first analyses modeling treatment
effectiveness using the results of a real-world comparative
effectiveness analysis conducted in alignment with estab-
lished health economic modeling requirements in MS.

The results of this study, together with other real-world
clinical and economic evidence emerging in the literature,
can be used to inform discussions on how to optimize the
use of limited healthcare resources to maximize the health
of the population. Healthcare policy decisions should be con-
tinuously revisited to ensure they are reflecting the most
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recent evidence. This also requires a careful consideration of
the quality of the data generated, its applicability to a given
healthcare system, and the implications that may arise from
changing healthcare policy decisions with the aim of improv-
ing the quality of life of the people with MS and their
caregivers.
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