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Abstract

IMPORTANCE Early treatment choice in relapsing-remitting multiple sclerosis (RRMS) is
prognostically crucial, yet robust comparative data on cladribine vs sphingosine-1-phosphate
receptor modulators (S1IPRMs) in treatment-naive patients with RRMS are limited.

OBJECTIVE To compare the clinical effectiveness of cladribine vs SIPRMs in treatment-naive
individuals with RRMS.

DESIGN, SETTING, AND PARTICIPANTS This comparative effectiveness research study used data
from 108 Italian multiple sclerosis (MS) centers affiliated with the Italian Multiple Sclerosis and
Related Disorders Register. All treatment-naive patients with RRMS who initiated cladribine or an
S1PRM (fingolimod, ozanimod, or ponesimod) between January 2011 and October 2021 and had at
least 12 months of follow-up were included. Propensity score matching and pairwise censoring were
used to balance baseline differences and follow-up duration. Patient data were extracted from the
register in September 2024.

EXPOSURE Initiation of cladribine or an SIPRM, with duration reflecting clinical practice.

MAIN OUTCOMES AND MEASURES The primary outcome was no evidence of disease activity
(NEDA-3) and its subcomponents. Secondary analyses evaluated disability accrual subdivided into
progression independent of relapse activity (PIRA) and relapse-associated worsening (RAW), plus
variables associated with treatment response. Cox proportional hazards models, adjusted for visit
and magnetic resonance imaging (MRI) frequency, were used to compare outcomes.

RESULTS Of the 1587 patients (485 taking cladribine and 1102 taking SIPRMs), matching yielded 475
pairs (950 individuals; mean [SD] age, 34.7 [10.7] years; 686 female [72.2%]), with a median (IQR)
follow-up period of 25 (12-60) months. For the cladribine vs SIPRM groups, no significant differences
were observed in relapse rates (72 patients [15.2%] vs 76 patients [16.0%]), MRI activity (137 patients
[31.3%] vs 145 patients [34.8%]), or NEDA-3 loss (194 patients [44.4% vs 219 patients [52.2%]).

Key Points

Question How does cladribine compare
with sphingosine-1-phosphate receptor
modulators (S1IPRMSs) in treatment-naive
patients with relapsing-remitting

multiple sclerosis?

Findings In this comparative effective-
ness research study of 950 propensity
score-matched treatment-naive patients
with at least 12 months (median, 25
months) of follow-up, cladribine and
S1PRMs demonstrated comparable re-
lapse rates, magnetic resonance imaging
activity, and no evidence of disease activ-
ity with 3 components loss, with cladrib-
ine associated with a significantly lower
risk of confirmed disability worsening,
likely driven by a reduction in progression
independent of relapse activity events,
and with indications of reduced clinical
activity control beyond 36 months.

Meaning These findings suggest
cladribine may provide greater short-
term protection against disability
progression, with a possible need for
redosing or treatment switch to sustain
disease control beyond 3 years.

Cladribine was associated with a lower risk of disability worsening vs SIPRM (54 patients [11.4%] vs + supplemental content
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Abstract (continued)

70 patients [14.7%]; hazard ratio [HR], 0.64; 95% Cl, 0.42-0.96; P = .03), a finding that was
confirmed in sensitivity analyses for patients younger than 40 years, those whose diagnoses were
made according to the 2017 McDonald Criteria, and those with Expanded Disability Status Scale score
less than or equal to 3.0. This was mainly driven by reduced PIRA risk with cladribine (HR, 0.40; 95%
Cl, 0.20-0.79; P = .009), with no RAW difference. After 36 months, patients treated with cladribine
showed higher relapse risk (HR, 1.81; 95% Cl, 1.02-3.20; P = .04) and increased NEDA-3 loss (HR,
2.08; 95% Cl, 1.18-3.67; P = .01). Discontinuation rates were similar (HR, 0.92; 95% Cl,

0.67-115; P = .58).

CONCLUSIONS AND RELEVANCE These findings suggest cladribine was associated with superior
effectiveness in reducing disability progression over 25 months, likely due to reduced PIRA, despite
comparable short-term NEDA-3 outcomes. However, relapse prevention declined after 36 months,
suggesting retreatment or therapy modification within 3 years may be needed to maintain long-term
disease control.

JAMA Network Open. 2025;8(11):e2541025.
Corrected on December 15, 2025. doi:10.1001/jamanetworkopen.2025.41025

Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease with inflammatory and neurodegenerative
components, requiring long-term therapy to control inflammation and delay progression. These
processes may start before the first clinical event, highlighting the importance of early treatment.’

Early initiation of high-efficacy, disease-modifying therapies (DMTs) reduces disability, improves
quality of life, and lowers socioeconomic burden.?® Although treatment has traditionally followed
an escalation approach, evidence supports earlier use of high-efficacy agents.®°" Choosing the
optimal DMT at diagnosis remains challenging due to prognostic uncertainty, differences in efficacy
and safety, lack of head-to-head data, and constraints from guidelines and reimbursement
policies.”>3

Among oral DMTs for relapsing-remitting MS (RRMS), sphingosine-1-phosphate receptor
modulators (S1PRMs)'*® and cladribine tablets'”'® show higher efficacy than placebo and lower-
efficacy agents, but in many health care systems, including the European Union, their use is largely
limited to patients for whom prior therapies failed or those with highly active disease."® Empirical
evidence suggests that early use of cladribine or SIPRMs, either first-line or early in the disease, may

provide greater benefit than delayed initiation,'#*’

with lower switching rates in treatment-naive
patients with RRMS.28 Some observational studies indicate cladribine may yield better persistence
and lower relapse rates than fingolimod, while others report comparable outcomes.?9-3 One analysis
found cladribine superior for disability improvement.>3 Comparative data with ozanimod and
ponesimod, especially in treatment-naive patients with RRMS, are lacking.

To address this gap, we assessed the effectiveness of cladribine vs SIPRMs specifically in
patients with treatment-naive RRMS, using the Italian Multiple Sclerosis and Related Disorders
Register.3* A propensity score (PS)-matched design compared relapse risk, magnetic resonance

imaging (MRI) activity, and disability progression, aiming to inform early therapeutic strategies.

Methods

Patients
This comparative effectiveness research study included individuals aged 18 to 65 years with RRMS
who started cladribine or a SIPRM—fingolimod, ozanimod, or ponesimod—as their first DMT. Patients

[5 JAMA Network Open. 2025;8(11):e2541025. doi:10.1001/jamanetworkopen.2025.41025 November 3, 2025 2/16

Downloaded from jamanetwork.com by BSR-Sardegna Ricerche user on 02/03/2026


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.41025&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.41025

JAMA Network Open | Neurology Comparative Effectiveness of Cladribine and S1P Receptor Modulators in RRMS

were required to have at least 1year of follow-up. Those who received a diagnosis before the 2001
McDonald Criteria®® or with secondary progressive MS were excluded; accordingly, individuals
treated with siponimod were not considered, as it is currently approved only for active secondary
progressive MS in Italy. Demographic and clinical information, including disease history, was
collected. MRI data, specifically, the presence of gadolinium-enhancing lesions in the year prior to
treatment initiation and during the follow-up, as well as the development of new lesions on
T2-weighted MRI during follow-up, were also obtained when available. Data on treatment
discontinuation and subsequent therapies were also retrieved.

Patient data were extracted in September 2024 from the Italian Multiple Sclerosis and Related
Disorders Register.*® This study was approved by the ethics committee of the Azienda Ospedaliero-
Universitaria Policlinico of Bari as well as by the local ethics committees in all participating centers.
All patients provided written informed consent for inclusion and use of anonymized data. Reporting
followed International Society for Pharmacoeconomics and Outcomes Research (ISPOR) reporting
guidelines.

Study Outcomes

As study outcomes, we considered the proportions of patients who experienced relapses, disability
worsening, MRI activity, or any of the aforementioned types of disease activity. Accordingly, we also
calculated their counterparts—that is, the proportions of patients who reached the NEDA-3 status,

a combined measure defined as the absence of clinical relapses, disability worsening, and MRI
activity.

A relapse was defined as any new neurological symptom not associated with fever or infection
lasting more than 24 hours and accompanied by new neurological signs. Disability worsening was
defined as a 1.5-point increase (if baseline Expanded Disability Status Scale [EDSS] score was 0),
1.0-point increase (if baseline EDSS score was <5.5), or 0.5-point increase (if baseline EDSS score was
=5.5) confirmed 6 months apart; patients with worsening near the end of follow-up received
additional assessment to confirm the outcome. MRI activity was defined as new gadolinium-
enhancing lesions on contrast-enhanced, T1-weighted images or new and/or enlarged lesions on
T2-weighted images relative to baseline and/or previous scan.

Statistical Analysis

Baseline characteristics collected included sex, age, calendar year, location of onset (optic nerve vs
others>°), time since first symptom, EDSS score, number of relapses, and annualized relapse rate
(ARR) up to treatment initiation. Baseline MRI data were excluded due to the high rate of missing
data, particularly among patients taking SIPRMs (eTable 1in Supplement 1). Differences in baseline
characteristics between the cladribine and SIPRMs groups were assessed using Fisher exact test or
the Mann-Whitney U test, as appropriate.

Since treatment allocation was not randomized, we performed 1:1 matching using a combination
of both PS-based nearest-neighbor matching within a 0.1 caliper (without replacement) and exact
matching on sex and location of onset. PS values were estimated by logistic regression, including the
above covariates, with treatment group as the dependent variable. Balance was evaluated with
standardized differences (Cohen d > 0.20 denotes imbalance).

To account for differences in follow-up, we applied pairwise censoring, right-censoring each pair
at the shorter follow-up time. Combined with PS matching, this yielded comparable baseline features
and follow-up duration. Analyses were conducted on matched samples with Cox proportional
hazards models, stratified by pairs and adjusted for visit frequency. The observation period extended
from baseline to last visit or outcome. To address therapeutic lag, relapses and disability worsening
within the first 3 and 6 months, respectively, were excluded.

To test robustness, we performed sensitivity analyses in subgroups: (1) age younger than 40
years at treatment initiation; (2) diagnosis per 2017 revised McDonald Criteria®’; (3) baseline EDSS
score less than or equal to 3.0; (4) treatment with fingolimod (the most prescribed SIPRM),
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compared with matched counterparts; (5) presence or absence of baseline gadolinium-enhancing
lesions (requiring new PS-matching and censoring); and (6) posttreatment follow-up duration
greater than or equal to 36 months. The first 5 subgroups reflect demographic and clinical
characteristics that are commonly encountered in current clinical practice and/or are associated with
distinct prognostic implications.>8° The final subgroup was selected to assess the durability of
cladribine’s effectiveness beyond the treatment administration period.

We also explored associations between baseline variables (excluding treatment) and risk of
disease activity using Cox models within each treatment group, adjusting for visit and MRI frequency.
To investigate whether differences in worsening of disability between treatments were primarily
driven by progression independent of relapse activity (PIRA) or relapse-associated worsening (RAW),
we conducted separate Cox regression analyses on these subgroups. PIRA events were defined as
confirmed disability progression in patients who did not experience any clinical relapses during the
entire follow-up period. RAW events were defined as confirmed disability progression in patients
who experienced at least 1 clinical relapse during the follow-up period.

Treatment discontinuation was defined on the specific characteristics of each DMT. For SIPRMs,
discontinuation referred to any treatment interruption, with or without the initiation of a subsequent
DMT, at any point during follow-up. For cladribine, discontinuation was defined as either (1) failure
to complete the 2 planned treatment courses (year 1and year 2) or (2) initiation of another DMT
within 4 years of follow-up. Cox proportional hazards regression models, adjusted for visit frequency
and stratified by matched pairs, were used to compare discontinuation risk between groups. Reasons
for discontinuation were categorized as clinical and/or MRI activity, adverse events, or other reasons.

Given the exploratory study design, no correction for multiplicity was applied. Two-tailed
P < .05 was considered statistically significant. Data were analyzed using SPSS Statistical software
version 23.0 (IBM).

Results

Descriptive Analysis

Between January 2011 and October 2021, 2450 treatment-naive individuals with RRMS started
treatment with cladribine (805 patients) or SIPRMs (1645 patients; fingolimod, 1430 patients;
ozanimod, 157 patients; and ponesimod, 58 patients) across 108 MS centers in Italy. After excluding
individuals not meeting eligibility criteria, with missing data, or less than 12 months of follow-up, 485
patients treated with cladribine and 1102 patients treated with STIPRM were retained for analysis
(Figure1).

The median (range) follow-up was 28 (12-98) months for cladribine and 64 (12-146) months for
S1PRMs before matching. At baseline, patients treated with cladribine were younger, had shorter
disease duration, lower EDSS scores, and more pretreatment relapses compared with those receiving
the SIPRMs group (Table 1). Differences were no longer significant after PS matching, leaving 950
patients (475 per group; mean [SD] age, 34.7 [10.7] years; 686 female [72.2%]), with balanced
covariates (Cohen d < 0.20; PS differences, 0.59 for the unmatched cohort and 0.02 for the matched
cohort). Pairwise censoring yielded median (IQR) follow-up of 25 (12-60) months in both groups.
Early relapses (ie, within 3 months of treatment initiation) occurred in 27 patients (5.7%) taking
cladribine and 31 patients (6.5%) taking SIPRMs, while early disability worsening (ie, within 6
months) was observed in 9 patients (1.9%) taking cladribine vs 12 patients (2.5%) taking SIPRMs.

Comparative Effectiveness Analyses

The primary analysis results (Table 2 and Figure 2) showed that 72 patients (15.2%) in the cladribine
group and 76 patients (16.0%) in the SIPRMs group experienced relapses. There was no difference
in relapse risk between the groups (hazard ratio [HR], 0.86; 95% Cl, 0.61-1.22; P = .40). However,
patients treated with cladribine showed a significantly lower risk of EDSS worsening than those
receiving SIPRMs (HR, 0.64; 95% Cl, 0.42-0.96; P = .03), with 54 patients (11.4%) vs 70 patients
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(14.7%) experiencing disability accrual. MRI activity was observed in 137 patients (31.3%) in the
cladribine group and 145 patients (34.8%) in the SIPRM group. Loss of NEDA-3 status occurred in 194
patients (44.4%) in the cladribine group and 219 patients (52.5%) in the SIPRM group. There were
no significant differences in the risk of MRI activity (HR, 0.95; 95% Cl, 0.75-1.19; P = .64) or in the loss
of NEDA-3 status (HR, 0.97; 95% Cl, 0.79-118; P = .76).

Figure 1. Patient Inclusion Flowchart for Analysis of Treatment-Naive Patients With Relapsing-Remitting
Multiple Sclerosis Treated With Cladribine or Sphingosine-1-Phosphate Receptor Modulators (SIPRMs)

With 212 Months of Follow-Up

805 Participants started cladribine

1645 Participants started with SIPRMs

320 Excluded
30 Did not fulfill inclusion criteria
124 With missing data
166 With follow-up <12 mo

643 Excluded
233 Did not fulfill inclusion criteria
258 With missing data
152 With follow-up <12 mo

485 Participants eligible for analysis
with cladribine

10 Participants not matched by
propensity score

1102 Participants eligible for analysis
with S1IPRMs

627 Participants not matched by

| — .
propensity score

475 Participants successfully matched by
propensity score with cladribine

l

475 Participants successfully matched by
propensity score SIPRMs

l

950 Included in analysis

Table 1. Baseline Characteristics of Included Patients Before and After Matching

Unmatched cohort

Matched cohort

Patients, No. (%)

Patients, No. (%)

Characteristics Cladribine (n = 485) S1PRMs (n = 1182) Cohend Cladribine (n = 475) S1PRMs (n = 475) Cohend
Type of S1IPRM therapy

Fingolimod NA 1033 (93.7) NA NA 406 (85.5) NA

Ozanimod NA 58 (5.3) NA NA 58(12.2) NA

Ponesimod NA 11 (1.0) NA NA 11 (2.3) NA
Sex

Female 348 (71.8) 773 (62.9) 343(71.2) 343(71.2)

Male 137 (28.2) 409 (37.1) 0.19 137 (28.8) 137 (28.8)
Age, mean (SD) y 34.3(10.0) 37.4(11.2)° 0.40 34.6 (10.1) 34.9(11.3) 0.05
Location of clinical onset: optic nerve 110 (22.7) 222 (20.1) 0.06 97 (20.4) 97 (20.4) 0
Time since first symptom, mean (SD), y 2.6(4.1) 4.2 (6.1)° 0.81 2.8 (4.6) 2.9(5.0) 0.04
Expanded Disability Status Scale score, median (IQR) 2.0(0.0-6.5) 2.0(0.0-6.5)? 0.55 2.0(0.0-6.5) 2.0(0.0-6.5) 0.02
No. of pretreatment relapses, mean (SD)® 1.5(1.2) 1.7 (1.5) 0.12 1.7 (1.1) 1.8(1.3) 0.04
Pretreatment annualized relapse rate, mean (SD) 2.1(2.4) 1.6 (2.2)? 0.35 2.4(2.4) 2.3(2.2) 0.07
Baseline gadolinium-enhancing lesions 242 (57.3) 284 (38.1) 0.38 233 (56.7) 138 (41.7) 0.30
Propensity score, mean (SD)® 0.337(0.087) 0.292 (0.100)* 0.59 0.319 (0.084) 0.318(0.083) 0.02
Follow-up length, median (IQR), mo® 28 (12-98) 64 (12-146)° NA 28 (12-98) 64 (12-180) NA
Visit frequency, mean (SD), No./y” 2.5(1.7) 2.2(1.6)* NA 2.2(1.5) 2.5(1.6) NA
Scan frequency, mean (SD), No./y>¢ 1.1(0.5) 0.8 (0.5) NA 1.0(0.3) 0.9(0.3) NA

Abbreviations: NA, not applicable; SIPRM, sphingosine-1-phosphate receptor modulators.

2 Significant difference at a 2-sided a-level <.05 by the Fisher exact (for categorical variables) and Mann-Whitney U (for continuous variables) tests in the unmatched cohort.

b Not included in the propensity score estimation.

© Estimated on patients' subsamples with available magnetic resonance imaging data.
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A lower number of matched pairs was obtained for MRI-related outcomes due to missing data
for 96 patients (38 in the cladribine group and 58 in the SIPRM group). Baseline characteristics did
not differ between these 96 patients and the remaining 854 patients (eTable 2 in Supplement 1).

Sensitivity Analyses

In analysis 1(494 patients; 247 pairs), restricted to patients younger than 40 years, cladribine was
associated with a significantly lower risk of EDSS worsening (HR, 0.52; 95% Cl, 0.28-0.93; P = .03),
with no significant differences in relapse (HR, 0.95; 95% Cl, 0.61-1.47; P = .81), MRl activity (HR, 0.96;
95% Cl, 0.66-1.40; P = .84), or NEDA-3 loss (HR, 0.92; 95% Cl, 0.65-1.31; P = .64). In analysis 2 (380
patients; 190 pairs), limited to patients whose diagnoses were made according to the 2017 McDonald

Table 2. Primary and Secondary Analyses Report Outcome Rates and Adjusted Cox Models

Patients reaching outcome,

No. (%)
Analyses and outcomes Cladribine S1PRMs HR (95% CI)? Pvalue
Case base scenario
Relapse 72 (15.2) 76 (16.0) 0.86 (0.61-1.22) .40
EDSS worsening 54 (11.4) 70 (14.7) 0.64 (0.42-0.96) .03
MRI activity® 137 (31.3) 145 (34.8) 0.95(0.75-1.19) .64
Loss of NEDA-3 194 (44.4) 219(52.5) 0.97 (0.79-1.18) .76
Sensitivity analysis 1: restricted to patients
aged <40y
Relapse 46 (18.6) 49 (19.8) 0.95(0.61-1.47) .81
EDSS worsening 23(9.3) 37 (15.0) 0.52(0.28-0.93) .03
MRI activity® 81(38.9) 85 (40.8) 0.96 (0.66-1.40) .84
Loss of NEDA-3 103 (49.5) 107 (51.4) 0.92 (0.65-1.31) .64
Sensitivity analysis 2: restricted to diagnoses
based on 2017 revised McDonald Criteria
Relapse 18(9.5) 24 (12.6) 0.56 (0.26-1.20) .14
EDSS worsening 15 (7.9) 31(16.3) 0.48 (0.25-0.93) .03
MRI activity® 54 (33.7) 58(36.2) 0.90 (0.69-1.25) .65
Loss of NEDA-3" 67 (41.9) 66 (41.2) 0.94 (0.62-1.41) .76
Sensitivity analysis 3: restricted to patients
scoring <3.0 at EDSS
Relapse 66 (16.6) 70(17.6) 0.76 (0.52-1.10) .15
EDSS worsening 50(12.6) 65 (16.4) 0.62 (0.39-0.98) .04
MRI activity® 115 (32.2) 124 (34.7) 0.93 (0.68-1.26) .63
Loss of NEDA-3° 156 (43.7) 166 (46.5) 0.89 (0.67-1.17) .40
Sensitivity analysis 4: restricted to patients taking
fingolimod vs their counterparts taking cladribine®
Relapse 68 (16.7) 73(18.0) 0.82(0.57-1.18) .30
EDSS worsening 52(12.8) 68 (16.7) 0.65 (0.42-0.99) 04 Abbreviations: EDSS, expanded disability status scale;
MRI activity” 130 (35.0) 134 (36.2) 1.00(0.80-1.42) .58 HR, hazard ratio; MRI, magnetic resonance imaging:
B NEDA-3, no evidence of disease activity; SIPRMs,
Loss of NEDA-3 190 (51.3) 207 (55.9) 0.97 (0.76-1.24) .81 . .
sphingosine-1-phosphate receptor modulators.
Sensitivity analysis 5: restricted to patients R .
with available baseline gadolinium-enhancing HRs less than 1.0 favor cladribine, and HRs greater
lesion data“ than 1.0 favor SIPRMs.
Relapse 54 (15.0) 64(16.8) 0.72(0.46-1.12) 14 ® MRI data were not available for 96 patients (38 in
EDSS worsening 35(10.8) 55(14.4) 0.67 (0.45-1.00) .05 cladribine group and 58 in SIPRMs group).
MRI activity® 115 (35.4) 122 (37.5) 0.79 (0.59-1.07) .13 ¢ Sixty-nine patients who were treated with SIPRMs
Loss of NEDA-3° 148 (45.5) 157 (48.3) 0.78(0.58-1.02) .07 other than fingolimod (ozanimod and ponesimod)
Sgnsitivity analysis 6: restricted to patients were excluded.
with follow-up 236 mo d Analysis was conducted on 382 patient pairs after
Relapse 27(22.9) 16 (13.6) 1.81(1.02-3.20) .04 propensity score matching and pairwise procedures
EDSS worsening 17 (14.4) 23(19.5) 0.78 (0.41-1.47) .44 were rerun on 1167 patients (422 in the cladribine
MRI activity® 30 (42.8) 24 (34.3) 1.68(0.87-328) .12 group and 745 in the SIPRM group) for whom
= baseline gadolinium-enhancing lesion data was
Loss of NEDA-3 47 (67.1) 35(50.0) 2.08(1.18-3.67) .01 .
available.
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Criteria, cladribine again showed a significantly lower risk of EDSS worsening (HR, 0.48; 95% Cl,
0.25-0.93; P = .03), with nonsignificant differences in relapse (HR, 0.56; 95% Cl, 0.26-1.20; P = .14),
MRI activity (HR, 0.90; 95% Cl, 0.69-1.25; P = .65), and NEDA-3 loss (HR, 0.94; 95% Cl, 0.62-1.41;

P =.76). In analysis 3 (794 patients; 397 pairs), restricted to patients with baseline EDSS less than or
equal to 3.0, cladribine remained significantly protective against disability progression (HR, 0.62;
95% Cl, 0.39-0.98; P = .04), while differences in relapse (HR, 0.76; 95% Cl, 0.52-1.10; P = .15), MRI
activity (HR, 0.93; 95% Cl, 0.68-1.26; P = .63), and NEDA-3 loss (HR, 0.89; 95% Cl, 0.67-1.17; P = .40)
were again not significant. In analysis 4 (812 patients; 406 pairs), which was limited to patients
treated with fingolimod compared with those treated with cladribine, the latter group again
demonstrated a significantly lower risk of EDSS deterioration (HR, 0.65; 95% Cl, 0.42-0.99; P = .04).
No significant differences emerged for relapse risk (HR, 0.82; 95% Cl, 0.57-1.18; P = .30), MRl activity
(HR, 1.00; 95% Cl, 0.80-1.42; P = .58), or NEDA-3 loss (HR, 0.97; 95% Cl, 0.76-1.24; P = .81). Analysis
5 (764 patients; 382 pairs) was conducted after the PS-matching and pairwise procedures were
rerun for 1167 patients (422 in the cladribine group and 745 in the SIPRMs group) for whom baseline
gadolinium-enhancing lesion data were available. This analysis found that for cladribine, the HR for
EDSS worsening decreased but was not statistically significant (HR, 0.67; 95% Cl, 0.45-1.00; P = .05),
while the risk of relapse (HR, 0.72; 95% Cl, 0.46-1.12; P = .14), MRl activity (HR, 0.79; 95% Cl, 0.59-
1.07; P = 13), and NEDA-3 loss (HR, 0.78; 95% Cl, 0.58-1.02; P = .07) did not differ significantly

Figure 2. Kaplan-Meier Curves Comparing Patients Taking Cladribine vs Sphingosine-1-Phosphate Receptor Modulators (SIPRMs)
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between the 2 groups. In contrast, analysis 6 (236 patients; 118 pairs), which was limited to patients
with more than 36 months of follow-up, revealed a significantly higher relapse risk (HR, 1.81; 95% Cl,
1.02-3.20; P = .04) and increased NEDA-3 loss (HR, 2.08; 95% Cl, 1.18-3.67; P = .01) in the cladribine
group, with no significant differences in EDSS worsening (HR, 0.78; 95% Cl, 0.41-1.47; P = .44) or MRI
activity (HR, 1.68; 95% Cl, 0.87-3.28; P = .12). Table 2 summarizes these findings.

PIRA and RAW Analysis

In the PIRA and RAW analysis, we found that a lower number of patients treated with cladribine
experienced PIRA events (28 patients) than those treated with SIPRMs (42 patients; HR, 0.40; 95%
Cl, 0.20-0.79; P = .009). However, no significant difference in RAW events was found between the
cladribine and STPRM groups (26 vs 28 patients; HR, 0.58; 95% Cl, 0.13-2.58; P = .48). Due to the
limited availability of MRI data, we were unable to assess progression independent of both relapse
and MRI activity.

Risk Variables

None of the baseline variables, including sex, age, location of onset (optic nerve vs others), time since
first symptom, or EDSS score, was significantly associated with the risk of reaching any predefined
outcomes in either treatment group. Older age and male sex had reduced HRs for certain outcomes
but these were not statistically significant (eTable 3 in Supplement 1).

Treatment Discontinuation

Treatment discontinuation occurred in 86 patients (18.1%) treated with cladribine and 102 patients
(20.5%) taking SIPRMs (HR, 0.92; 95% Cl, 0.67-1.15; P = .58). Discontinuation due to clinical and/or
MRI activity or adverse effects was more frequent with SIPRMs (eTable 4 in Supplement 1). A total
of 188 patients switched therapy, with 96 (51.1%) undergoing escalation to monoclonal antibodies
and 44 (23.4%) deescalation to moderate-efficacy DMTs with no between-group difference. Data on
subsequent DMT were missing for 37 patients discontinuing SIPRMs (eTable 5 in Supplement 1).

Discussion

This comparative effectiveness research study provides comparative evidence on the effectiveness
of 2 oral treatments, cladribine and STIPRMs, in treatment-naive patients with RRMS. In the
unmatched cohort, the SIPRM group was older, with longer disease duration, lower ARR, and fewer
gadolinium-enhancing lesions than the cladribine group—differences likely reflecting distinct
prescribing patterns influenced by the staggered availability of these drugs. Baseline characteristics
in the PS-matched cohort broadly aligned with the Italian eligibility criteria for highly active,
treatment-naive patients. Our findings indicate that both therapies achieved similar short-term
NEDA-3 outcomes, but cladribine was associated with a significantly lower risk of disability
progression over a median follow-up of 25 months. This effect was confirmed in sensitivity analyses
of patients younger than 40 years, with baseline EDSS less than or equal to 3, whose diagnoses were
made per the 2017 McDonald criteria or treated only with fingolimod. No significant differences were
found in relapse rates or MRI activity between the groups.

To date, no head-to-head randomized clinical trials have directly compared cladribine with any
S1PRMs. Nevertheless, contextualizing our results alongside those from pivotal phase 3 trials
provides meaningful insights. In our cohort, 44.4% of patients treated with cladribine lost NEDA-3
status at 25 months. By comparison, in the CLARITY trial, 56% of treatment-naive participants who
received the 3.5 mg/kg cladribine regiment lost NEDA-3 at 96 weeks,*° reflecting modest differences
likely due to variations in treatment dynamics, patient selection, or clinical management. For SIPRMs,
our findings align with the FREEDOMS trial,™ in which 84% of treatment-naive patients with RRMS
receiving fingolimod 0.5 mg remained free from confirmed disability progression at 2 years,
increasing to 84.7% in those with rapidly evolving severe RRMS.*' In our cohort, 87% of patients
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treated with SIPRMs showed no evidence of disability worsening at the 2-year follow-up. An indirect
network meta-analysis on 6 randomized clinical trials and conducted using a bayesian and Markov
chain Monte Carlo approach found no significant difference in achieving NEDA-3 between cladribine
tablets and fingolimod over 24 months. Limited data precluded direct comparison of clinical NEDA,
but cladribine demonstrated superior MRI-based NEDA outcomes.*?

Our study is unique in focusing exclusively on treatment-naive patients with RRMS, allowing a
cleaner comparison of cladribine and SIPRMs without the confounding influence of prior therapies.
Only 1other study has specifically addressed this population, comparing a CLARITY trial subgroup
with a fingolimod observational cohort, and found no significant differences in relapses or disability,
although limited power from small sample size may have reduced the statistical power of the
analysis.>!

Most other comparative studies included heterogeneous, previously treated patients, yielding
conflicting results. A PS-matched analysis from MSBase showed similar efficacy over 1year, but
greater disability improvement with cladribine.>> The MERLYN study reported comparable ARR and
lower discontinuation rates with cladribine at 12 months,3? although its mixed cohort and reliance
on descriptive statistics limit interpretation. Conversely, a recent MSBase-UK study found lower ARR
with cladribine but no difference in disability.2° Despite similar follow-up (approximately 2.1 years),
results may reflect that their population was more likely to switch medications, highlighting how
prior treatment exposure complicates comparisons.

In our cohort, the reduced risk of disability worsening with cladribine was mainly associated
with a significant reduction in PIRA events, whereas RAW did not differ between groups. This finding
suggests that cladribine may effectively mitigate subclinical disease progression independently of
overt inflammation. These findings are consistent with those from the MAGNIFY-MS study, which
reported reductions in both PIRA and RAW over 2 years in patients treated with cladribine with highly
active disease.*® Treatment-naive individuals demonstrated more favorable outcomes, with
24-month freedom from composite PIRA of 89.0%, vs 81.9% in treatment-experienced patients, and
freedom from composite confirmed disability accumulation at 89.0% vs 77.9%, supporting early
cladribine initiation.*® In our study, PIRA was identified using a simplified, indirect method due to
variable follow-up, precluding strict adherence to standardized definitions and requiring rebaselining
and confirmation at fixed intervals.***> Despite this exploratory approach, uniform application
across groups permits valid comparative assessment within observational constraints.

Another key observation was that, beyond 36 months, cladribine was associated with higher
risk of relapse and loss of NEDA-3 status. This novel finding requires cautious interpretation. NEDA-3,
although widely adopted, is sensitive to minimal activity and does not reflect the severity or impact
of events; it should, therefore, be complemented by other measures of therapeutic effectiveness.
For instance, treatment discontinuation rates remained comparable, stabilizing at approximately
20% in both groups. Moreover, the increased disease activity with cladribine was statistically
significant but based on roughly one-quarter of the cohort, requiring confirmation with longer
follow-up. Our results align with the CLARITY trial and its 4-year extension, in which 75.6% of
patients treated with cladribine 3.5 mg/kg for 2 years and then switched to placebo remained
relapse-free, and 72.4% had no confirmed EDSS progression.*® These rates were lower thanin
patients who continued treatment for an additional 2 years, and MRI activity tended to re-emerge,
particularly when treatment phases were separated by long gaps.*” This supports the notion that
discontinuation reduces disease control.

Overall, our data, together with prior evidence, suggest that cladribine’s long-term
effectiveness may decline due to its intermittent dosing schedule, based on 2 short treatment
courses followed by extended drug-free intervals. In contrast, SIPRMs, administered continuously,
provided more stable disease control in our cohort beyond 36 months, with lower risk of
reactivation.

Our analysis did not identify any baseline demographic or clinical variables as factors
significantly associated with treatment response or disease activity in either group. A trend toward
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lower relapse risk and reduced loss of NEDA-3 was observed in older patients, but this did not reach
statistical significance. Similarly, trends for sex and other factors lacked statistical support and
offered no clear guidance for personalized treatment selection.

Strengths and Limitations

The main strength of this study is its large sample size and rigorous PS-matching, which minimized
confounding and enhanced comparability between groups; sensitivity analyses further supported
robustness. Limitations include its observational design, with nonrandomized treatment allocation
and potential residual confounding despite matching. The median 25-month follow-up may be
insufficient to capture long-term effects, particularly given different dosing schedules; a sensitivity
analysis of patients with follow-up for 36 months or longer partly addressed this. Selection bias may
persist, as a larger proportion of patients treated with SIPRM were excluded during matching.
Adherence and tolerability were not assessed but may have influenced outcomes. Data collection
inconsistencies, especially in timing and frequency of clinical visits and MRI, could affect accuracy. No
primary outcome was prespecified, and no adjustment for multiple comparisons was applied, so
findings should be considered exploratory. Furthermore, grouping the 3 SIPRMs assumes similar
effectiveness, although differential outcomes cannot be excluded.

Conclusions

In this comparative effectiveness study of treatment-naive patients with RRMS, cladribine was
associated with greater benefit in delaying disability progression, particularly among younger
patients and those with lower baseline EDSS, largely driven by reduced PIRA events. Both therapies
showed similar efficacy in controlling relapses and MRI activity initially, but from year 3 onward
cladribine was associated with higher risk of relapse and MRI reactivation. This attenuation suggests
that earlier redosing or timely treatment switching may be required for sustained control. Future
prospective head-to-head studies would ideally confirm these findings, although practical challenges
emphasize the need for validation in other long-term observational cohorts. Our dataset could also
be re-examined as follow-up extends. Evaluating effects on quality of life, cognition, and adherence
and identifying biomarkers associated with treatment response will further inform individualized
treatment strategies in MS.
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