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Introduction
MS is a chronic, demyelinating disease that can be 
associated with severe disability and premature mor-
tality.1 The number of pwMS worldwide was esti-
mated to be 2.8 million in 2020.2 There are several 
clinical phenotypes of MS, with relapsing-remitting 
multiple sclerosis (RRMS) accounting for approxi-
mately 85% of cases at diagnosis.3,4 Over time, 
approximately 50% of patients with RRMS will 
develop secondary progressive multiple sclerosis 

(SPMS), which is associated with relapse-independ-
ent disability progression and has less effective treat-
ment options than RRMS.5

Although there are currently no curative interventions 
for MS, available high-efficacy therapies clearly 
reduce disability progression and reduce conversion 
from RRMS to SPMS.6,7 The key treatment goals in 
RRMS are to maintain a very low relapse rate and 
minimize magnetic resonance imaging (MRI) lesion 
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activity/new lesion development. Several disease-
modifying treatments (DMTs) have been approved by 
regulatory agencies to treat MS, with the majority of 
these being injectable or infused DMTs. In 2017, 
cladribine tablets (MAVENCLAD®), an oral DMT 
with a short-course dosing schedule (8–10 days of 
treatment a year for 2 years), gained regulatory 
approval in the European Union (EU) for highly 
active relapsing multiple sclerosis (RMS) and in 
Canada and Australia for RRMS; in 2019, cladribine 
tablets were approved for RMS in the United States. 
During clinical trials, including a 96-week exten-
sion study, patients using cladribine tablets demon-
strated a reduced ARR and reduced disability 
progression compared with patients treated with 
placebo.8,9 Longer-term effectiveness data have 
also reported that over half of pwMS who initiated 
treatment with cladribine tablets and completed 
follow-up did not relapse or experience disability 
progression at 60 months following the last dose of 
cladribine tablets.10

Studies have found that nonadherence to MS treatment 
may result in a greater risk of relapse or disease progres-
sion compared with patients who adhere to treatment.11 
Given the rapidly increasing number of approved treat-
ment options for pwMS, it is important to generate 
comparative effectiveness data on oral DMTs with dif-
ferent treatment regimens. Furthermore, real-world data 
(RWD) are being increasingly leveraged to address 
clinical questions related to MS prognosis and treat-
ment as randomized clinical trials are not well suited to 
address questions concerning treatment selection and 
sequencing.12 These results can help providers make 
informed decisions in clinical practice as well as for 
reimbursement and access purposes. The purpose of the 
present study was to describe and compare real-world 
treatment patterns and clinical outcomes in pwMS 
treated with cladribine tablets versus those treated with 
other oral DMTs: fingolimod (GILENYA®), dimethyl 
fumarate (TECFIDERA®), and teriflunomide 
(AUBAGIO®). The study objectives were to compare 
treatment persistence, including time-to-treatment 
switch and discontinuation, as well as to compare 
relapse outcomes between treatment cohorts.

Methods

Study design
The Generating Learnings In MultiPle SclErosis 
(GLIMPSE) study is a longitudinal secondary use 
study of prospectively collected registry data to 
directly compare real-world treatment outcomes in 

pwMS treated with cladribine tablets versus other oral 
DMTs. These analyses were based on data from 31 
countries extracted from the MSBase registry. MSBase 
was initiated in 2004 and is an international collabora-
tive group of researchers dedicated to evaluating out-
comes data in MS; it has become the largest worldwide 
repository of organized longitudinal data for pwMS. 
The MSBase registry was approved by Melbourne 
Health Human Research Ethics Committee and by 
each site’s institutional review board and is registered 
with World Health Organization International Clinical 
Trials Registry Platform (ACTRN12605000455662). 
Written or verbal consent was originally obtained from 
all enrolled patients in accordance with local regula-
tions. This study was conducted in accordance with 
International Society for Pharmacoepidemiology 
(ISPE) Guidelines for Good Pharmacoepidemiology 
Practices (GPP) and the European Network of Centres 
for Pharmacoepidemiology and Pharmacovigilance 
(ENCePP) code of conduct.13,14

Patients with MS who initiated treatment with clad-
ribine tablets, fingolimod, dimethyl fumarate, or teri-
flunomide between January 2018 and August 2021 
were identified from the database (a summary of label 
indications for included DMTs is provided in 
Supplemental Table 1). A small proportion of patients 
in the unmatched cladribine group (31/633) had been 
previously exposed to cladribine in the form of 
Movectro, either in clinical trials or as available in 
Australia in 2010–2011. Patients were permitted to be 
either treatment naive or could have switched from 
another DMT. The index event was defined as the 
date of treatment initiation and was used to classify 
patients into a treatment cohort. Individual patients 
could only contribute to a single treatment cohort; if a 
patient qualified for multiple treatment cohorts, only 
the first chronological cohort that the patient qualified 
for within this study period was included in the analy-
ses. Study eligibility included being at least 18 years 
of age as of the index date and having at least 
12 months of pre-index data available. Additional 
inclusion criteria included having greater than 
6 months of follow-up data and having a minimum 
dataset available for propensity score derivation. 
Exclusion criteria included females with recent (in the 
prior 12 months) or current pregnancy as of the index 
date, as well as history of any other demyelinating 
disease or malignancy as of the index date. Eligible 
patients were censored at treatment discontinuation or 
switch to another DMT, death, loss to follow-up, or 
the start of a pregnancy (whichever occurred first). If 
patients did not discontinue treatment, initiate another 
DMT, die, become lost to follow-up, or become 
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pregnant, they were censored at the end of the study 
period (1 August 2021).

In addition to demographic data, disease and treat-
ment history including MS disease duration, number 
of relapses, and number of prior DMTs were extracted 
based on pre-index periods of 12 or 24 months. 
Treatment persistence was primarily evaluated as 
time to switch (i.e. number of days from the index 
date to the date of starting an alternative DMT). In 
addition, time to discontinuation was evaluated. Time 
to discontinuation for the cladribine tablet cohort was 
calculated as the number of days from the index date 
to either the date of starting an alternative postcladrib-
ine tablet DMT or the date of last recorded visit; for 
the fingolimod, dimethyl fumarate, and teriflunomide 
cohorts, time to discontinuation was calculated as the 
number of days from the index date to the DMT end 
date (or the date of last recorded visit). Relapse was 
defined as the sudden emergence of new MS symp-
toms or worsening of existing symptoms, persistent 
for a minimum of 24 hours. Information on relapse, 
including number of relapses prior to index date and 
presence/date of on-treatment relapse events after 
treatment initiation, was extracted. ARR was defined 
as the total number of on-treatment relapse events of 
all patients observed over follow-up (numerator) 
divided by the total number of years of all patients of 
on-treatment follow-up (denominator), and 95% CI 
was estimated using the Poisson method.

Endpoints
The study endpoints were time-to-treatment switch 
and time-to-treatment discontinuation (i.e. treatment 
persistence); relapse endpoints included ARR and 
time to first relapse from the start of treatment.

Statistical analyses
All patients available in the MSBase registry that met 
the study eligibility criteria were included in these 
analyses. No specific sample size calculations were 
performed as the number of patients was considered 
sufficient for conducting comparative effectiveness 
analyses that involve 1:1 propensity score–matching 
methodology.

Descriptive analyses were performed by treatment 
cohort to summarize patient and disease characteris-
tics, treatment patterns, and treatment outcomes. Data 
were summarized as means, standard deviations (SD), 
medians, minima, maxima, and interquartile ranges 
(IQR) for continuous variables and as numbers and 
percentages for categorical variables. Time-to-event 

variables and their fixed-time estimations were sum-
marized by treatment cohort based on the Kaplan–
Meier method, including number of events, estimated 
median survival times, and associated 95% confi-
dence interval (CI), and were depicted as Kaplan–
Meier graphs. Pairwise differences in time-to-event 
variables were analyzed using Cox proportional haz-
ards regression models to calculate unadjusted hazard 
ratios (HR) and associated 95% CI in the unmatched 
cohorts.

To adjust for potential confounding, the cladribine 
tablet cohort was propensity score matched sepa-
rately to each of the fingolimod, dimethyl fumarate, 
and teriflunomide cohorts. Propensity scores were 
generated using a logistic regression to estimate the 
predicted probability of receiving cladribine tablets 
relative to the respective oral DMT comparator as a 
function of the following prespecified potential 
treatment determinants at the index date: age, sex, 
duration of MS disease, expanded disability status 
scale (EDSS) score, count of relapses in the prior 12 
and 24 months, number of prior DMTs since disease 
onset, being treatment naive (yes/no), country, and 
MS classification. Confounder balance postpropen-
sity score matching was assessed via derivation of 
standardized differences. The standardized differ-
ence was calculated based on Cohen’s d for continu-
ous or categorical (up to two levels) variables, and 
Cramer’s V for other categorical variables, where 
applicable. A threshold of less than 0.15 indicated 
well-balanced treatment cohorts. For the propensity 
score–matched analyses, the common on-treatment 
follow-up was determined in each matched pair as 
the shorter of the two follow-up periods (pairwise 
censoring) to mitigate attrition bias, informative 
censoring, and the effect of differential treatment 
persistence.

Postmatching, time-to-event variables, including 
time-to-treatment switch and discontinuation, were 
summarized by treatment cohort as Kaplan–Meier 
graphs. HRs and associated 95% CI were calculated 
using marginal Cox models to evaluate the time-to-
event between matched pairwise treatment cohorts. 
Hazard proportionality was assessed via analysis of 
scaled Schoenfeld residuals. For the relapse rate anal-
yses, ARRs were estimated using relapse count as the 
numerator divided by treatment follow-up years with 
associated Poisson 95% CI and p values were calcu-
lated to assess the pairwise differences. For all analy-
ses, p < 0.05 was considered significant; there was no 
adjustment for multiple comparisons. Statistical anal-
yses were conducted in Stata version 16.1 (StataCorp, 
College Station, Texas).
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Results

Patient cohorts
A total of 5257 pwMS initiated/re-initiated cladribine 
tablets (n = 985), fingolimod (n = 1676), dimethyl 
fumarate (n = 1466), or teriflunomide (n = 1130) in the 
MSBase registry starting from the beginning of 2018. 
Of these, 3475 patients met all the study inclusion cri-
teria, with 633 receiving cladribine tablets, 1195 
receiving fingolimod, 912 receiving dimethyl fuma-
rate, and 735 receiving teriflunomide (Figure 1).

At treatment initiation, the mean patient age ranged 
from 36.9 years (SD: 11.4) for the dimethyl fumarate 
cohort to 44.1 years (SD: 12.3) for the cladribine tab-
let cohort; more than 70% of patients were female 

across each of the treatment cohorts. Duration of MS 
disease ranged from 6.8 years (SD: 7.7) for the dime-
thyl fumarate cohort to 12.5 years (SD: 9.6) for the 
cladribine tablet cohort. In the 12 months prior to 
index date, the mean number of relapses ranged from 
0.5 (SD: 0.7) for the teriflunomide cohort to 0.7 (SD: 
0.8) for the dimethyl fumarate cohort (0.6 (SD: 0.9) 
for the cladribine tablet cohort); this pattern was con-
sistent in the 24 months prior to index date. The mean 
number of prior DMTs at index date ranged from 1.1 
(SD: 1.7) for the dimethyl fumarate cohort to 2.2 (SD: 
2.8) for the cladribine tablet cohort. Between 13.9% 
(fingolimod) and 46.3% (dimethyl fumarate) of 
patients were treatment naive at index date by cohort 
(21.6% of patients in the cladribine tablet cohort), 
likely related to treatment reimbursement regulations 
in participating countries. The majority of patients in 
the cladribine tablet cohort were from Australia 
(56.9%), whereas a plurality of patients in the other 
treatment cohorts were from Turkey (52.1% of the 
fingolimod cohort, 30.2% of the dimethyl fumarate 
cohort, and 32.8% of the teriflunomide cohort). More 
than 85% of patients were classified as having RRMS 
at index date across each of the treatment cohorts. See 
Table 1 for the patient characteristics.

The median follow-up time was 1.14 years (IQR: 
0.49–1.92) for the cladribine tablet cohort, 1.28 years 
(IQR: 0.57–2.01) for the fingolimod cohort, 0.97 years 
(IQR: 0.36–1.80) for the dimethyl fumarate cohort, 
and 1.10 years (IQR: 0.50–1.95) for the teriflunomide 
cohort. Among patients who switched treatment, the 
most common switch DMT in each cohort was ocreli-
zumab, with switch rates ranging from 2.84 (95% CI: 
1.69–4.49) events per 100 cladribine tablet patients to 
7.03 (95% CI: 5.61–8.70) events per 100 fingolimod 
patients (Table 2).

In the unmatched treatment cohorts, all 10 potential 
confounders, which are patient characteristics, had a 
standardized difference >0.15 across at least one of 
the treatment cohort pairs and were considered not 
balanced. Specifically, MS disease duration, EDSS 
score, number of DMTs received prior to index date, 
being treatment naive, country, and MS classification 
were unbalanced across all of the treatment cohort 
pairs. After propensity score matching, the cladribine 
tablet and fingolimod treatment cohorts included 520 
patients each; the cladribine tablet and dimethyl 
fumarate treatment cohorts included 450 patients 
each; and the cladribine and teriflunomide treatment 
cohorts included 458 patients each. After matching, 
all 10 characteristics were balanced across the cohort 
pairs. See Table 3 for information on patient charac-
teristics in each of the matched treatment cohorts. 

Figure 1.  Patient flow diagram by treatment cohort.
DMT: disease-modifying treatment.
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Median (IQR) on-treatment follow-up in the matched 
cladribine tablet/fingolimod cohort was 0.91 years 
(0.11, 1.50) for cladribine tablets and 1.07 years (0.42, 
1.77) for fingolimod. For the matched cladribine tab-
let/DMF cohort median (IQR) follow-up was 
0.90 years (0.11, 1.50) for cladribine tablets and 
0.71 years (0.23, 1.48) for DMF. Similarly, on-treat-
ment follow-up in the matched cladribine tablets/teri-
flunomide pairs were also comparable with 0.94 years 
(0.11, 1.54) for cladribine tablets and 0.94 years (0.43, 
1.72) for teriflunomide.

Treatment persistence
Patients initiating fingolimod switched treatment 
significantly more quickly compared with the 
matched cladribine tablet cohort (HR = 4.00, 95% 
CI: 2.54–6.32, p < 0.001); similar findings were 
observed for the matched dimethyl fumarate cohort 
(HR = 7.04, 95% CI: 4.16–11.93, p < 0.001) and the 
matched teriflunomide cohort (HR = 6.52, 95% CI: 
3.79–11.22, p < 0.001). See Figure 2 for the associ-
ated Kaplan–Meier graphs for time-to-treatment 
switch while reasons for discontinuation are sum-
marized in Supplemental Table 2.

Patients in the matched cladribine tablet cohorts had a 
significantly longer time-to-treatment discontinuation 
compared with the fingolimod cohort (HR = 0.22, 
95% CI: 0.14–0.34, p < 0.001), the dimethyl fumarate 

cohort (HR = 0.10, 95% CI: 0.06–0.17, p < 0.001), 
and the teriflunomide cohort (HR = 0.10, 95% CI: 
0.06–0.17, p < 0.001). See Supplemental Figure 1 for 
the associated Kaplan–Meier graphs for time-to-treat-
ment discontinuation.

See Supplemental Table 3 for the unadjusted pairwise 
differences in treatment persistence outcomes 
between the cladribine tablet cohort and each of the 
comparator cohorts.

Relapse outcomes
Patients initiating cladribine tablets had a signifi-
cantly lower relapse rate compared with the matched 
fingolimod cohort (ARR = 0.09, 95% CI: 0.07–0.13 
versus ARR = 0.15, 95% CI: 0.12–0.18; p = 0.016), the 
matched dimethyl fumarate cohort (ARR = 0.10, 95% 
CI: 0.07–0.13 versus ARR = 0.15, 95% CI: 0.11–0.19; 
p = 0.031), and the matched teriflunomide cohort 
(ARR = 0.09, 95% CI: 0.06–0.12 versus ARR = 0.17, 
95% CI: 0.14–0.21; p < 0.001) (Table 4).

Patients in the matched cladribine tablet cohort had a 
significantly longer time to first relapse compared 
with the fingolimod cohort (HR = 0.60, 95% CI: 0.41–
0.88, p = 0.010); the risk of relapse during the first 
year appeared similar across these cohorts, with sepa-
ration occurring in the second and third years of fol-
low-up for those patients remaining in follow-up at 

Table 2.  Treatment switch rates by product—unmatched cohorts.

Product switched to Treatment switch events per 100 patients (95% CI)

Cladribine 
(n = 633)

Fingolimod 
(n = 1195)

Dimethyl 
fumarate (n = 912)

Teriflunomide 
(n = 735)

Ocrelizumab 2.84 (1.69, 4.49) 7.03 (5.61, 8.70) 5.04 (3.69, 6.73) 5.03 (3.54, 6.94)

Cladribine — 1.34 (0.77, 2.17) 2.96 (1.95, 4.31) 4.76 (3.32, 6.62)

Fingolimod 0.47 (0.10, 0.14) — 2.74 (1.77, 4.05) 2.72 (1.66, 4.20)

Dimethyl fumarate 0.16 (0.00, 0.88) 1.17 (0.64, 1.97) — 2.59 (1.56, 4.04)

Teriflunomide 0.32 (0.04, 0.11) 0.33 (0.09, 0.86) 3.18 (2.13, 4.57) —

Natalizumab 0.32 (0.04, 0.11) 4.27 (3.18, 5.61) 3.62 (2.49, 5.08) 3.27 (2.09, 4.86)

Glatiramer acetate 0.16 (0.00, 0.88) 0.59 (0.24, 1.12) 1.54 (0.84, 2.58) 0.41 (0.08, 1.19)

Rituximab 0 0.75 (0.34, 1.43) 0.11 (0.00, 0.61) 0.41 (0.08, 1.19)

Avonex 0 0.17 (0.02, 0.60) 0.22 (0.03, 0.79) 0.14 (0.00, 0.76)

Betaferon 0 0.17 (0.02, 0.60) 0.22 (0.03, 0.79) 0

Alemtuzumab 0 0.33 (0.09, 0.86) 0.55 (0.18, 1.28) 0

Rebif 0 0 0.44 (0.12, 1.12) 0.54 (0.15, 1.39)

Plegridy 0 0 0.22 (0.03, 0.79) 0.27 (0.03, 0.98)

Total number of patients who switched products 27 (4.27%) 270 (22.59%) 300 (32.89%) 242 (32.93%)
Total number of patients who did not switch products 606 (95.73%) 925 (77.41%) 612 (67.11%) 493 (67.07%)

CI: confidence interval.
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Figure 2.  (Continued)

https://journals.sagepub.com/home/msj


T Spelman, S Ozakbas et al.

journals.sagepub.com/home/msj	 229

Figure 2.  Kaplan–Meier graphs for probability of switching from index treatment—matched cohorts (Panel (a): 
cladribine versus fingolimod; Panel (b): cladribine versus dimethyl fumarate; and Panel (c): cladribine versus 
teriflunomide).
CI: confidence interval; DMT: disease-modifying therapy.

Table 4.  Annualized relapse rate: treatment cohort pairwise comparisons—matched cohorts.

Index DMT Number of relapses DMT follow-up (years) ARR (95% CI) p value

Cladribine (n = 520) 47 498.28 0.0943
(0.069, 0.1254)

0.0156

Fingolimod (n = 520) 89 612.27 0.1454
(0.1167, 0.1789)

Cladribine (n = 450) 41 426.22 0.0962
(0.069, 0.1305)

0.0307

Dimethyl fumarate (n = 450) 64 433.19 0.1477
(0.1138, 0.1887)

Cladribine (n = 458) 40 451.46 0.0886
(0.0633, 0.1207)

0.0005

Teriflunomide (n = 458) 88 514.78 0.1709
(0.1371, 0.2106)

CI: confidence interval; DMT: disease-modifying treatment.

this time. Similarly, the matched cladribine tablet 
cohorts had a significantly longer time to first relapse 
compared with the dimethyl fumarate cohort 

(HR = 0.58, 95% CI: 0.37–0.90, p = 0.016) and the 
teriflunomide cohort (HR = 0.33, 95% CI: 0.21–0.52, 
p < 0.001) (Figure 3).
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Figure 3.  (Continued)
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Figure 3.  Kaplan–Meier graphs for probability of remaining relapse free—matched cohorts (Panel (a): cladribine versus 
fingolimod; Panel (b): cladribine versus dimethyl fumarate; and Panel (c): cladribine versus teriflunomide).
CI: confidence interval; DMT: disease-modifying therapy.

See Supplemental Table 4 for the unadjusted pairwise 
differences in relapse outcomes between the cladrib-
ine tablet cohort and each of the comparator cohorts.

Discussion
The introduction of oral treatment options was a para-
digm shift in MS following 2 decades of injectable 
therapies as pwMS generally prefer oral administra-
tion when given the choice15; furthermore, the first 
approved oral DMT, fingolimod, was found to be sig-
nificantly more effective than intramuscular inter-
feron.16,17 After fingolimod, multiple other successful 
oral DMTs were introduced for RRMS, specifically 
dimethyl fumarate and teriflunomide, and these treat-
ments have previously been compared with each other 
in registry studies, including in MSBase, which found 
fingolimod to have superior relapse control and treat-
ment persistence compared with dimethyl fumarate or 
teriflunomide.18 Treatment with cladribine tablets for 
RMS is given via noncontinuous oral dosing, a regi-
men whereby clinical effectiveness can persist after 
the drug is eliminated from the body.19 Given 

approved oral DMTs have different treatment admin-
istration regimens along with distinct mechanisms of 
action, and previous evidence also suggests potency 
differences,18 it is now important to generate compar-
ative data on cladribine tablets versus other oral 
DMTs in order to assess the place of cladribine tablets 
among the available oral therapeutic options.

Using the international MSBase registry, this retro-
spective analysis evaluated the comparative effective-
ness of cladribine tablets versus oral DMTs that 
require continuous dosing regimens, namely fingoli-
mod, dimethyl fumarate, and teriflunomide. We found 
that cladribine tablets were associated with signifi-
cantly greater persistence, including time-to-treat-
ment switch and time to discontinuation, than each of 
the oral DMT comparators. Furthermore, this study 
indicated that treatment with cladribine tablets was 
associated with significantly longer time to first 
relapse and a markedly lower relapse rate as com-
pared to the other oral DMTs. These results are con-
sistent with previously published RWD, including a 
recent chart review study based on data from highly 
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active RMS patients in the United Kingdom and 
Germany that found discontinuations and treatment 
switching were lower in the cladribine tablet treat-
ment group as compared to fingolimod in patients 
who completed 12 weeks of treatment, although the 
follow-up period was restricted to 12 months post-
treatment initiation.20 Another study that analyzed 
comparative data from an international observational 
cohort of pwMS reported that cladribine tablets and 
fingolimod had similar effects on relapses along with 
a greater probability of disability improvement asso-
ciated with cladribine tablets.21 However, this analy-
sis was limited by relatively few patients on cladribine 
tablets. One retrospective study that merged clinical 
trial data with observational RWD from an Italian 
multicenter cohort reported that treatment-naive 
patients treated with cladribine tablets had lower 
relapse rates compared with matched dimethyl fuma-
rate-treated patients but similar relapse rates com-
pared with matched fingolimod-treated patients.22 
Each of these RWD studies had key methodological 
differences in comparison with the current analysis, 
particularly with respect to cohort size, which limits 
direct comparisons. Relatively, treatment with clad-
ribine tablets was associated with more favorable 
relapse outcomes in the current analysis compared 
with previous clinical trials, although differences in 
study design and cohort composition preclude any 
direct comparisons.8,9

This study also provides valuable insights regarding 
the positioning of specific oral DMTs, including clad-
ribine tablets, for the treatment of MS in the real 
world compared with international treatment guide-
lines.23 At treatment initiation, the cladribine tablet 
cohort had the greatest duration of MS disease (mean 
of 12.5 years), highest EDSS score (median of 2.5), 
and most DMTs received prior to index date (mean of 
2.2) compared with the other treatment cohorts. 
Patients in the dimethyl fumarate cohort had the high-
est number of relapses in the 12- and 24-month peri-
ods prior to index date (mean of 0.7 and 1.0, 
respectively) and a greater proportion of patients who 
were treatment naive at index date (46.3%). This is 
likely consistent with the younger age at baseline in 
the DMF cohort (mean age 36.88 years) compared 
with the cladribine tablet cohort (me an age 
44.10 years). Choice of specific oral DMT based on 
patient characteristics in the real world is also likely 
related to treatment reimbursement regulations in 
participating countries. While there were some dif-
ferences in the distribution of these key confounder 
variables in the unmatched cohort (as evidenced by 
some large standardized differences in Table 1, 
where an a priori standardized difference of >15% 

was considered to represent imbalance), the compara-
tively small standardized differences for these same 
confounders after the application of propensity score 
matching (all less than the 15% threshold) means that 
observed treatment group differences in clinical out-
comes were independent of those confounder varia-
bles included in the derivation of the propensity score.

Limitations
Propensity score matching was used to allow for pair-
wise comparisons across well-balanced treatment 
cohorts while minimizing selection bias and potential 
confounding. However, this methodology still has 
limitations due to nonrandom missing data and poten-
tial unmeasured confounders that could have influ-
enced the outcomes, in particular baseline MRI data, 
which do not form part of the minimum dataset in 
MSBase. In addition, although patients were required 
to have greater than 6 months of follow-up data avail-
able, less than a quarter of patients had at least 2 years 
of follow-up. Considering data collection for this 
study began in 2018, shortly after the first regulatory 
approval of cladribine tablets in mid-2017, and that 
the full treatment dosage of cladribine tablets is com-
pleted over 2 years, this study represents an early look 
at the real-world use of cladribine tablets in MS 
patients. Future RWD studies that utilize a longer 
follow-up period and country-specific analyses will 
be needed to confirm these findings and are planned, 
in addition to extending the analysis to consider lon-
gitudinal endpoints including confirmed progression, 
improvement, and conversion to SPMS. Safety data 
were not considered as part of the current analysis as 
they are not routinely collected in the MSBase regis-
try and are only partially available.

Conclusion
This international RWD analysis demonstrates that 
pwMS treated with cladribine tablets may have 
greater treatment persistence than each of the oral 
DMT comparators: fingolimod, dimethyl fumarate, 
and teriflunomide. Furthermore, treatment with clad-
ribine tablets was associated with a significantly 
longer time to first relapse and a lower relapse rate as 
compared with the other oral DMTs. These findings, 
together with other real-world studies, suggest that 
cladribine tablets may be an effective treatment option 
for treating pwMS.
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