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followed by cladribine (=43%) and natalizumab (=41%), whereas interferon and glatiramer
acetate performed the poorest. Switches toward anti-CD20 therapies generally yielded better
outcomes than other within-tier changes.

Conclusion: Vertical switching should be preferred when treatment modification is required,
particularly for patients with active disease. However, a subset of patients can achieve disease
stability after horizontal switching, especially those with lower disability and fewer prior
relapses. The dynamics of horizontal switching may further influence outcomes, warranting
prospective validation.
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Plain language summary
Is horizontal switching a valid strategy in the treatment of MS?

For people living with multiple sclerosis (MS), treatment changes are often necessary
due to inadequate response, safety concerns, or personal preferences. These treatment
switches can follow different strategies. One option is a “vertical switch,” where patients
move to a treatment considered more effective. Another option is a “horizontal switch,”
where patients change to a treatment of similar effectiveness but with a different
mechanism or formulation. This study analyzed nearly 4,000 patients with relapsing MS
from the global MSBase registry who underwent treatment switches. We aimed to better
understand the effectiveness of horizontal switching and to identify patient characteristics
associated with favorable outcomes. Our findings show that approximately one-third of
patients who switched laterally (horizontally) achieved no evidence of disease activity
(NEDA-3]), meaning they experienced no relapses, disability worsening, or new disease
activity on MRI during follow-up. Patients more likely to benefit from a horizontal switch
were younger, had lower disability levels, fewer previous relapses, and had been on their
prior treatment for longer. When directly compared, vertical switching was associated
with superior clinical outcomes, including lower relapse rates and a higher likelihood of
achieving NEDA-3. However, horizontal switching still proved to be a reasonable strategy
for selected patients with lower disease activity and stable prior treatment exposure.
These results can help guide treatment discussions between neurologists and patients,
particularly in situations where vertical switching is not possible, preferred, or indicated.

Keywords: disease-modifying therapies, multiple sclerosis, real-world evidence, treatment
outcomes, treatment switching

Received: 2 July 2025; revised manuscript accepted: 6 November 2025.

Introduction

Multiple sclerosis (MS) is a chronic autoimmune
disorder characterized by inflammatory demyelina-
tion in the central nervous system, leading to cumu-
lative neurological disability. Disease-modifying
therapies (DMTs) are central to MS management,
aiming to reduce relapses, prevent disability pro-
gression, and achieve disease remission.!?

Treatment strategies in MS commonly follow two
broad approaches: escalation therapy, where
treatment intensity increases in response to dis-
ease activity, and early intensive therapy, which
involves the upfront use of high-efficacy DMT .35
In parallel, immune reconstitution therapies
(IRTs) have gained attention as a distinct treat-
ment paradigm.® Regardless of strategy, DMTs
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are classified into efficacy tiers based on their
impact on clinical and radiological outcomes.”

While the suppression of inflammatory disease
activity is a primary treatment goal, decisions to
switch DMTs are often influenced by additional
factors such as safety concerns, tolerability, moni-
toring burden, or access constraints.8 In such sit-
uations, clinicians may opt for a horizontal switch,
defined as a transition between DMTs of similar
efficacy, rather than a vertical switch to a more
potent therapy. Although real-world studies have
shown that horizontal switches can maintain dis-
ease stability in selected patients,®10 the clinical
profiles of those who benefit most from this strat-
egy remain poorly defined.

In this retrospective cohort study using the
international MSBase Registry, we assess the
real-world effectiveness of horizontal versus ver-
tical switching among relapsing-remitting MS
(RRMS) patients. While it is well established
that vertical switches tend to yield superior dis-
ease control, our primary objective is to identify
baseline factors associated with favorable out-
comes following a horizontal switch. This may
help refine treatment decisions in scenarios
where vertical escalation is not feasible or is
deferred due to patient preference, safety, or sys-
tem-level considerations.

Methods

Study design and data source

This retrospective observational study used data
from the MSBase Registry, a global, longitudinal
database that captures real-world treatment out-
comes in patients with MS.!! The dataset included
individuals with RRMS who underwent a disease-
modifying therapy (DMT) switch between
January 2010 and December 2023.

Patients were classified based on their treatment
change into one of two groups:

e Horizontal switchers: transitions between
DMTs of comparable efficacy.

e Vertical switchers: transitions from a lower-
efficacy to a higher-efficacy DMT.

To operationalize DMT efficacy levels, we
adopted a predefined three-tier framework reflect-
ing real-world effectiveness and relapse rate

reduction, consistent with previous MSBase anal-
yses and regulatory classifications3:%712;

e Platform DMTs: interferon beta (IFN-),
glatiramer acetate (GLAT), and terifluno-
mide (TF).

e Moderate-efficacy DMTs: dimethyl fuma-
rate (DMF), fingolimod, and other sphin-
gosine-1-phosphate receptor modulators

(S1Ps).
e High-efficacy DMTs: cladribine (CLAD),
natalizumab (NTZ), alemtuzumab

(ALEM), and anti-CD20 agents including
rituximab, ocrelizumab, and ofatumumab.

Thus, horizontal switching was defined as a
change between DMT's within the same efficacy
tier, while vertical switching referred to move-
ment from a lower to a higher efficacy tier.
Patients switching from high-efficacy to lower or
moderate-efficacy therapies (i.e., de-escalation)
were excluded from this analysis.

Study population

Patients included in this study had a confirmed
diagnosis of RRMS based on the McDonald cri-
terial314 and were aged between 18 and 50years
at the time of their initial DMT. To minimize
immortal time bias while ensuring clinically
meaningful exposure, patients were required to
have received their first DMT for a minimum of
3 months before switching.*%15 The start of fol-
low-up was defined as the date of treatment
switch. Patients were required to have at least
12months of follow-up on the second DMT to
assess clinical outcomes. For IRT's such as CLAD
and ALEM, patients were only included if they
had completed the full treatment course and had
a minimum of 12months of follow-up after the
final dose. To ensure data quality, patients needed
at least two Expanded Disability Status Scale
(EDSS) assessments following the switch, spaced
a minimum of 6 months apart, and available MRI
information, as imaging activity was a core com-
ponent of outcome definitions. Patients with stem
cell transplants, participation in clinical trials, or
missing critical data (e.g., baseline EDSS or fol-
low-up) were excluded.

Definitions of outcomes
Primary outcomes included the following: (1)
change in annualized relapse rate (ARR),
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calculated as the difference between ARR under
the new treatment and the prior DMT; (2) change
in EDSS from the end of the first treatment to the
last follow-up (=30days post-relapse); (3) MRI
inflammatory activity, measured by new/enlarg-
ing T1 and T2 lesions and gadolinium-enhancing
lesions; and (4) successful switching, defined as
maintaining no evidence of disease activity
(NEDA-3) throughout the entire duration of the
switching DMT. NEDA-3 comprised the absence
of relapses, confirmed EDSS progression, signifi-
cant pyramidal worsening (pyramidal score =2
and EDSS =4 in the absence of relapse), and new
MRI activity during follow-up. This operational
definition deviates from the conventional
NEDA-3 criteria but was adopted given the avail-
ability and reliability of pyramidal functional sys-
tem data in the MSBase Registry. Prior studies
have shown that pyramidal system involvement is
a major driver of sustained disability progression
in MS, supporting its use as a proxy in disability
outcomes analyses.16:17

Secondary outcomes included the reduction in
relapse frequency compared to the previous treat-
ment, confirmed disability worsening (CDW,
defined as an increase in EDSS by at least 1.0 or
0.5 points if baseline EDSS was above 5.5, con-
firmed over 6 months without relapse), confirmed
disability improvement (CDI, defined as a
decrease in EDSS by the same margins), and pro-
gression independent of relapse activity (PIRA).
PIRA was calculated using the MSOutcomes
package,!® following the definition provided by
Dzau et al.,!° in which PIRA was characterized by
sustained disability progression in the absence of
relapse between the most recent prior EDSS and
the EDSS, showing a documented increase.

Statistical analysis

To reduce selection bias and improve compara-
bility between horizontal and vertical switch
groups, we performed propensity score matching
(PSM) wusing a logistic regression model.
Covariates included the following: age at treat-
ment initiation, sex, treatment order (number of
prior DMTs), baseline ARR, baseline EDSS,
time from disease onset to treatment switch,
treatment period (categorized as: before 2000,
2001-2005, 2006-2010, 2011-2015, or 2016 or
later), and geographic region (grouped as North
America, Europe, Australia, or Other based on
country code). Nearest-neighbor matching was

applied in a 1:1 ratio without replacement, using
a caliper of 0.1 on the logit of the propensity
score. Covariate balance after matching was
assessed using standardized mean differences
(SMDs), with values below 0.1 considered
acceptable. SMDs were used descriptively to
assess the balance between groups. Comparisons
between successful and unsuccessful horizontal
switches were restricted to the matched horizon-
tal cohort to ensure direct comparability with ver-
tical switchers under similar baseline conditions.

For the primary outcome analyses, multivariable
mixed-effects models were used to evaluate the
association of switch type (horizontal vs vertical)
with key clinical outcomes (relapse reduction,
ARR change, EDSS change, CDW, CDI, PIRA,
and NEDA-3 achievement during DMT dura-
tion), accounting for repeated treatment switches
per patient (random intercept for patient). These
models were adjusted for sex, age, time from
symptom onset to switch, baseline ARR and
EDSS, prior relapses, treatment level, treatment
period, treatment order, and region. In addition,
differences in success rates across DMTs were
evaluated using chi-squared tests. All analyses
were conducted in R (version 4.2.1, The R
Foundation for Statistical Computing, Vienna,
Austria), using the following packages: dplyr,
tidyr, tableone, Matchlt, ImerTest, pPROC, caret,
ggplot2, and MSOutcomes. A two-sided p-value
=<0.05 was considered statistically significant.

Results

Baseline characteristics and PSM

Before matching, we identified 4351 horizontal
and 4266 vertical switches from 2353 and 3189
unique patients, respectively. The most pro-
nounced imbalance was in treatment distribution
(SMD =2.78) and treatment level (SMD =1.82).
Moderate differences were also observed in treat-
ment period (SMD=0.77), geographic region
(SMD=0.38), and several clinical outcomes
under the switched DMT, including relapses,
ARR, change in EDSS, CDI, and NEDA-3
(SMDs 0.29-0.51). By contrast, demographic
variables and most baseline disease history varia-
bles (ARR, relapses before switch, time from
onset to switch) were well balanced (all
SMD =< 0.07). Full details are provided in Table
1, baseline and matched cohort. After 1:1 PSM,
2467 matched pairs were generated (Figure 1). In
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MSBase dataset
n =76,405

Included treatments
n = 64,557

Potential included
patients n = 4,014

No-MS specific treatments
n=6,818

MS patients with exclusion criteria

e Patients without any treatment switch n = 35,064
* Patients younger than 18 years of age n =171

* Patients older than 50 years of age n = 2,138

* PPMS n =543

* Missing information n = 22,627

n = 3,092

Vertical switches ‘

Horizontal switches
n=3,671

( Propensity score matching )

Patients in matched
cohort
n= 3,522

I

Vertical switches
n = 2,024 patients
2,467 switches

Figure 1. Flowchart of patients’ selection.

the matched cohort, all prespecified covariates
achieved adequate balance (all SMDs =0.05;
Supplemental eTable 1). Residual imbalance in
individual DMT distribution was expected, given
the structural differences between horizontal and
vertical switches. The mean follow-up after
switching was 4.0 = 3.1 years.

In adjusted mixed-effects models (Table 2, (A)),
vertical switching was associated with a modest
reduction in ARR (OR: 0.94, 95% CI: 0.90-0.99,
p»=0.011) and a higher likelihood of relapse
reduction (OR: 1.45, 95% CI: 1.15-1.84, p=
0.002). Vertical switching was also associated
with a lower risk of CDW (OR: 0.97, 95% CI:
0.94-0.99, p=0.006) and a greater likelihood of
CDI (OR: 1.24, 95% CI: 1.05-1.46, p=0.010).
No significant differences were observed for
EDSS progression (OR: 0.92, 95% CI: 0.85—
1.01, p=0.075) or PIRA (OR: 0.93, 95% CI:
0.79-1.10, p=0.420). Importantly, vertical
switching was associated with an increased likeli-
hood of achieving and maintaining NEDA-3 after
switching (OR: 1.11, 95% CI: 1.07-1.14,

Horizontal switches
n = 2,263 patients
2,467 switches

$»<<0.001). Additional covariate effects are pro-
vided in Supplemental eTable 2, and models
additionally adjusted for switching rationale are
reported in Supplemental eTable 3.

Characteristics of successful

horizontal switchers

Among patients with horizontal switches in the
matched cohort, 767 (33.7%) achieved NEDA-3
during follow-up and were classified as having a
successful horizontal switch (Table 1, horizontal
switchers). Compared to non-successful switch-
ers, successful patients were slightly younger at
treatment start (mean 34.6 vs 35.7years;
SMD=0.14) and less often male (21.2% vs
24.0%; SMD=0.07). They also had a shorter
interval from symptom onset to treatment initia-
tion (mean 6.4 vs 7.2years; SMD =0.13).

Successful switchers exhibited a lower baseline
disease burden, with fewer prior relapses (3.38 vs
4.91; SMD=0.38) and a lower baseline EDSS
(1.53 vs 2.59; SMD =0.67), while baseline ARR
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Table 2. Mixed-effects models for clinical outcomes by switch type and determinants of successful horizontal switching.

Outcome Univariable Multivariable?
Estimate OR 95% ClI p Estimate OR 95% CI p
(A) Vertical vs horizontal switching mixed models
Reduction in the number of relapses  1.05 2.85 2.31-3.52 <0.001 0.37 1.45 1.15-1.84 0.002
under the previous vs switching
treatment
Change in ARR -0.13 0.88 0.84-0.91 <0.001 -0.06 0.94 0.90-0.99 0.011
Change in EDSS -0.21 0.81 0.76-0.87 <0.001 -0.08 0.92 0.85-1.01 0.075
Confirmed disability worsening -0.82 0.44 0.29-0.66 <0.001 -0.03 0.97 0.94-0.99 0.006
Confirmed disability improvement 0.41 1.51 1.17-1.95 0.002 0.22 1.24 1.05-1.46 0.010
PIRA 0.04 1.04 0.76-1.41 0.804 -0.07 0.93 0.79-1.10 0.420
NEDA-3 0.51 1.66 1.48-1.87 <0.001 0.1 1.1 1.07-1.14 <0.001
(B) Successful vs non-successful horizontal switching mixed models
Age -0.01 0.99 0.98-1 0.013 0.01 1.00 0.98-1.01 0.455
Gender (male) -0.18 0.83 0.7-1 0.049 -0.15 0.86 0.71-1.04  0.124
Baseline EDSS -0.42 0.66 0.62-0.7 <0.001 -0.34 0.71 0.67-0.75 <0.001
Relapses before treatment switch -0.12 0.89 0.86-0.91 <0.001 -0.1 0.9 0.88-0.93 <0.001
Baseline ARR 0.04 1.04 0.94-1.15 0.45 0.06 1.07 0.95-1.20 0.289
Time from symptomatic onset to -0.02 0.99 0.97-1 0.031 0.02 1.02 1.00-1.04 0.028
treatment switch (years)
Duration of previous treatment -0.03 0.97 0.95-0.99 0.012 -0.02 0.98 0.96-1.01 0.186
before switching (years)
Third or later line of treatment -0.18 0.84 0.72-0.97 0.022 0.26 1.30 1.08-1.55 0.004
Switch within moderate efficacy -1.35 0.26 0.2-0.33 <0.001 -1.33 0.26 0.20-0.34 <0.001
(reference=platform)
Switch within high efficacy -0.82 0.44 0.37-0.53 <0.001 -0.81 0.44 0.37-0.53 <0.001

(reference=platform)

Mixed-effects models assessing outcomes of vertical versus horizontal switching and predictors of successful horizontal switching. Section A
compares relapse reduction, EDSS changes, and disability progression between switch types, while Section B identifies factors associated with
successful horizontal switching, defined as maintaining NEDA-3 during follow-up. Estimates represent model coefficients with OR and

95% Cl, adjusted for clinical variables with unique patients modeled as a random effect.
aAdjusted for age at treatment start, gender, time from symptomatic onset to treatment switch, treatment level, treatment order, treatment period
(calendar year group), and geographic region, with each unique patient included as a random effect.
ARR, annualized relapse rate; Cl, confidence interval; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; NEDA-3, no
evidence of disease activity; OR, odds ratio; PIRA, progression independent of relapse activity.

was comparable between groups (0.38 vs 0.37;
SMD =0.02). By definition, successful switchers
experienced no relapses during follow-up (ARR
0.00vs 0.47; SMD =1.09), no significant pyrami-
dal scores (0.0% vs 34.8%; SMD =1.03), and no
confirmed disability progression (0.0% vs 37.9%;

SMD =1.10). End-of-follow-up EDSS was lower
among successful switchers (1.32 vs 3.37;
SMD=1.17), with disability improvement
reflected by a negative EDSS change (—0.21 vs
+0.78; SMD=0.78). Longitudinal outcomes
also showed a lower rate of CDW events (0.45 vs
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Predictors of Successful Horizontal Switching
Predictor OR (95% Cl) p-value
Age 1.00 (0.98-1.01) . 0.455
Gender (male) 0.86 (0.71-1.04) — 0.124
Baseline EDSS 0.71(0.67-0.75) - <0.001

Relapses before treatment switch

Baseline ARR

0.90 (0.88-0.93
1.07 (0.95-1.20

<0.001
0.289

Time from symptomatic onset to treatment switch
Duration of previous treatment before switching
Third or later line of treatment

Switch within Treatment level 2: Moderate efficacy
Switch within Treatment level 3: High efficacy

)
)
1.02 (1.00-1.04)
0.98 (0.96-1.01) - 0.186
1.30 (1.08-1.55)
0.26 (0.20-0.34)
0.44 (0.37-0.53)

- 0.028

— 0.004
—-— <0.001
—-— <0.001

0 0.5 1 1.5
Odds Ratio (95% Cl)

Figure 2. Multivariable logistic regression model of predictors for successful horizontal switching.

0.84; SMD =0.67) and more CDI events (0.60 vs
0.37; SMD =0.45). The number of PIRA events
was similar between groups (0.40 vs 0.31;
SMD =0.16).

Treatment patterns and rationale differed
between groups. Successful switchers more often
received high-efficacy therapies (24.4% vs 15.1%;
SMD=0.24) and switched more frequently in
recent years (2016 or later: 59.7% vs 34.9%;
SMD=0.57). Non-efficacy-related reasons for
switching were also more frequent among suc-
cessful switchers (93.9% vs 68.0%; SMD =0.70).

Predictors of successful horizontal switching

In the multivariable logistic regression model
(Table 2, (B)), higher baseline EDSS (OR=0.71,
95% CI. 0.67-0.75, p<0.001) and a greater
number of relapses before treatment switch
(OR=0.90, 95% CI: 0.88-0.93, p<<0.001) were
associated with lower odds of achieving a success-
ful horizontal switch. Switching at the third line
of therapy or later was associated with higher odds
of success (OR=1.30, 95% CI: 1.08-1.55,
p»=0.004). By contrast, switching within non-plat-
form therapies was associated with significantly
lower odds of success compared with switching
within platform therapies, both for treatment level
2 (OR=0.26, 95% CI: 0.20-0.34, p<<0.001) and
for treatment level 3 (OR=0.44, 95% CI: 0.37—
0.53, p<<0.001; Figure 2).

No significant associations were found for age at
the time of treatment switch (OR=1.00, 95% CI:
0.98-1.01, p=0.455), sex (OR=0.86, 95% CI:

0.71-1.04, p=0.124), baseline ARR (OR=1.07,
95% CI. 0.95-1.20, p=0.289), or treatment
duration prior to switching (OR=0.98, 95% CI:
0.96-1.01, p=0.186). Of note, a longer time from
symptom onset to treatment switch was associ-
ated with slightly higher odds of success
(OR=1.02,95% CI: 1.00-1.04, p=0.028).

Success rates of horizontal switching by DMT

Success rates of horizontal switching varied across
DMTSs when analyzed by the destination therapy
(Figure 3). Among high-efficacy therapies, anti-
CD20 agents achieved the highest success rate
(50%), followed by CLAD (43%), NTZ (41%),
and ALEM (39%). Moderate-efficacy therapies
showed intermediate results, with DMF (42%)
and S1Ps (34%). Low-efficacy therapies were
associated with lower success rates, including TF
(41%), GLAT (29%), and IFN-f (25%;
¥2=176.22, p<<0.001). Reductions in relapse
activity also varied. Anti-CD20 agents and NTZ
were associated with the greatest ARR reductions
(=0.19 and —0.12, respectively). CLAD showed a
slight increase in ARR (+0.18) despite a relatively
high success rate, while IFN-f3 and GLAT showed
minimal reductions (—=0.04 and —0.03, respec-
tively). Disability outcomes showed the lowest
mean EDSS changes with anti-CD20 agents
(+0.06) and CLAD (+0.07), while more pro-
nounced worsening was observed with IFN-f
(+0.66) and GLAT (+0.49). Regarding MRI
outcomes, suppression of inflammatory activity
was most frequently achieved with anti-CD20
agents (100%), NTZ (96%), and ALEM (96%),
whereas CLAD showed the lowest proportion of
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Figure 3. Rate of outcomes per treatment after horizontal switching.

Table 3. Efficacy outcomes across matched horizontal switchers.

DMT Total Successfully NEDA-3rate Mean ARR Mean EDSS No MRI activity
switches switched (%) change change rate (%)

ALEM 57 22 39 -0.06 0.21 96
CLAD 14 6 43 0.18 0.07 50

DMF 137 58 42 -0.04 0.24 84
GLAT 469 135 29 -0.03 0.49 77

IFN 812 205 25 -0.04 0.66 88

S1P 226 76 34 -0.05 0.22 88

TF 373 154 41 -0.07 0.42 91
antiCD20 231 115 50 -0.19 0.06 100

NTZ 148 60 41 -0.12 0.36 96

Efficacy outcomes across different DMTs. The table presents the proportion of sustained NEDA-3, changes in ARR and
EDSS after switching, and the percentage of patients with no new MRI activity for each DMT.

ALEM, alemtuzumab; ARR, annualized relapse rate; CLAD, cladribine; DMF, dimethyl fumarate; DMT, disease-modifying
therapy; EDSS, Expanded Disability Status Scale; GLAT, glatiramer acetate; IFN-B, interferon beta; NEDA-3, no evidence
of disease activity; NTZ, natalizumab; S1P, sphingosine-1-phosphate receptor modulator; TF, teriflunomide.

patients with suppressed MRI activity (50%;
Table 3).

When success rates were further analyzed by
switching dynamics (i.e., the origin and direction
of the switch, Figure 4), additional patterns

emerged. Low-efficacy therapies demonstrated
the lowest overall success (34%), with IFN
and GLAT performing the poorest, while
TF-origin switches showed slightly higher rates
(41%). Moderate-efficacy therapies had interme-
diate success (DMF 46%, S1P 43%), driven by

journals.sagepub.com/home/tan


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

THERAPEUTIC ADVANCES in
Neurological Disorders

Volume 18

Horizontal
switchers

DMT

Platform
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Moderate-efficacy
DMF
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Figure 4. Horizontal switches between DMTs. The inner ring represents the baseline/originating DMT, while
the outer ring shows the destination DMT after a horizontal switch. Segment size is proportional to the
number of switches. Percentages indicate the proportion of successful switches (achieving NEDA-3) within
each DMT pair. Colors distinguish platform, moderate-efficacy, and high-efficacy therapies.

DMT, disease-modifying therapy; NEDA-3, no evidence of disease activity.

reciprocal switching between the two. High-
efficacy therapies achieved the highest overall
success (46%), though outcomes were heteroge-
neous: switches from ALEM were often success-
ful (55%), as were those from CLAD (50%) and
NTZ (48%), whereas switches originating from
anti-CD20 therapies were less often effective
(30%). Directionality also influenced results:
switches toward anti-CD20 therapies or from
ALEM were generally more successful than those
originating from anti-CD20 (Table 4).

Discussion

This study compared the clinical outcomes of
horizontal versus vertical switching between
DMTs in patients with RRMS. As expected,
vertical switching was associated with higher
rates of NEDA-3, greater reduction in relapse
activity, and less disability progression. The pri-
mary aim was to describe the potential role of
horizontal switching in patients whose outcomes
may be comparable to those achieved with

vertical switching. In this context, we identified
several clinical variables associated with a higher
likelihood of success after a horizontal switch,
including lower baseline EDSS, fewer relapses
prior to switching, and switching at later lines of
treatment. Conversely, male sex and horizontal
switching between moderate-efficacy therapies
were associated with a lower probability of
achieving disease stability. These findings may
help clinicians identify patients in whom hori-
zontal switching remains a reasonable option
when vertical switching is not feasible or
preferred.

Overall, our results confirm that vertical switch-
ing is the more effective approach when treatment
modification is needed in most patients with MS.
In our analysis, vertical switching achieved greater
ARR reduction, higher rates of NEDA-3, a lower
percentage of disability progression, less increase
in EDSS scores, and more frequent CDI events.
Our analysis also highlights the nuances of verti-
cal switching. The benefits were evident not only
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Table 4. Success rates of horizontal switching by DMT origin and destination.

Tier Origin DMT Destination Number of Proportion of Successful Success
DMT switches (n)  switches from switches (n)  rate (%)
origin (%)
Low GLAT IFN 143 58 37 26
Low GLAT TF 102 42 47 46
Low IFN GLAT 328 57 88 27
Low IFN TF 251 43 102 41
Low TF IFN 16 52 5 31
Low TF GLAT 15 48 8 58
Moderate DMF S1P 89 100 41 46
Moderate S1P DMF 93 100 40 43
High ALEM antiCD20 25 81 14 56
High ALEM NTZ 4 13 1 25
High ALEM CLAD 2 6 2 100
High CLAD antiCD20 9 75 5 56
High CLAD NTZ 3 25 1 33
High NTZ antiCD20 167 72 86 51
High NTZ ALEM 55 24 22 40
High NTZ CLAD 9 4 4 L
High antiCD20 antiCD20 30 b4 10 33
High antiCD20 NTZ 12 26 4 33
High antiCD20 CLAD 3 6 0 0
High antiCD20 ALEM 2 4 0 0

ALEM, alemtuzumab; CLAD, cladribine; DMF, dimethyl fumarate; DMT, disease-modifying therapy; IFN, interferon; GLAT,
glatiramer acetate; NTZ, natalizumab; S1P, sphingosine-1-phosphate receptor modulator; TF, teriflunomide.

in patients escalating from platform therapies but
also in those switching from moderate-efficacy
drugs. These findings are consistent with previ-
ous reports: the Austrian MS treatment registry?2°
showed that vertical switchers were less likely to
relapse and had lower ARR than horizontal
switchers, while the Swiss National Treatment
Registry?! reported that direct switching to high-
efficacy DMTs significantly reduced the risk of
relapse compared to stepwise escalation.
Collectively, these data suggest that vertical
switching is more effective in suppressing inflam-
matory disease activity; its impact on long-term

disability progression and PIRA, however,
remains less well established. Nevertheless, sev-
eral studies indicate that horizontal switching can
still be effective in some scenarios. A single-center
Italian study!® found no significant differences in
NEDA-3 achievement at 24 months between hor-
izontal and vertical switchers (20.8% vs 18.6%),
with similar time to first relapse and time to EDSS
milestones. Similarly, data from the Danish MS
Registry?2 had outcomes such as ARR after hori-
zontal switching that depend strongly on baseline
characteristics, including EDSS and prior DMT
history.
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In line with these observations, our study shows
that while horizontal switching is overall a subop-
timal strategy, it can be effective in a subset of
patients. Patients with lower EDSS scores, fewer
relapses before switching, and relative disease sta-
bility were most likely to achieve favorable out-
comes, underscoring the importance of patient
selection. Moreover, the rationale for switching
also appeared relevant: switches undertaken for
non-efficacy reasons, such as tolerability or safety,
tended to be more successful, reflecting continu-
ity of disease control rather than recovery from
breakthrough activity. Our data also suggest that
not all horizontal switches between high-efficacy
DMTs are equivalent. Anti-CD20 therapies
showed comparatively better outcomes, while
switches to or from other high-efficacy agents
such as CLAD, NTZ, or ALEM were more het-
erogeneous. These findings imply that sequenc-
ing and directionality may influence success rates,
refining the interpretation of horizontal switching
beyond a uniform strategy. For example, in our
analysis, switches toward anti-CD20 therapies or
from ALEM were more often successful, while
switches originating from anti-CD20 therapies
were less likely to maintain stability. Similarly,
CLAD demonstrated relatively favorable out-
comes when used as a destination therapy but
more mixed results when it was the origin of a
switch. Such patterns highlight that the clinical
context of the switch—whether patients are step-
ping laterally into a more tolerable therapy within
the same tier or moving away from a drug due to
emerging risks—can substantially shape outcomes.
Recognizing these complexities may help clinicians
better anticipate the likelihood of success when
horizontal switching is considered. Collectively,
this evidence supports the rationale for early initia-
tion of high-efficacy therapies to optimize long-
term outcomes,*12 while also providing guidance
for treatment selection in resource-constrained
settings?3:24—such as Mexico—where horizontal
switching is often driven by limited access to the
full range of DMTs.

This study has several strengths. It is the largest
to date, comparing horizontal and vertical switch-
ing in RRMS, using a global, real-world dataset
from a rigorously curated MS registry. The use of
PSM and multivariable modeling helped to
reduce confounding and improve the validity of
our comparisons. However, limitations must be
acknowledged. The retrospective design and use
of registry data may introduce selection bias and

limit the granularity of available information. A
key limitation is that reasons for switching were
not systematically recorded for all patients; how-
ever, among the subset of patients with docu-
mented reasons, we observed that the majority of
successful horizontal switches were made for
non-efficacy-related reasons, such as safety, toler-
ability, or patient preference. This suggests that
successful horizontal switching is more likely to
reflect stability under prior treatment rather than
response to recent disease activity. Despite this
limitation, additional models adjusted for switch-
ing rationale (Supplemental eTable 3) consist-
ently confirmed the superiority of vertical
switching in reducing relapses and disability
worsening, underscoring that efficacy remains the
key driver of long-term outcomes. Another impor-
tant source of potential bias is missing or incom-
plete data in the registry. Of more than 22,000
potentially eligible patients, a substantial number
were excluded due to missing values in key varia-
bles, which were unlikely to be missing at ran-
dom. This introduces the risk of selection bias
that cannot be fully addressed through statistical
adjustment. In addition, residual confounding
remains possible, as unmeasured factors such as
socioeconomic status, adherence, and local treat-
ment practices were not captured in the registry.
Misclassification bias may also have influenced
our results. Treatment coding errors, variability
in EDSS scoring, and incomplete MRI data could
have led to misclassification of outcomes or expo-
sures. While we applied strict inclusion criteria to
improve data reliability, these issues cannot be
fully excluded. Moreover, although we accounted
for repeated switches by modeling patients as ran-
dom effects, this approach may not fully capture
dependence across multiple switches contributed
by the same individual. Alternative approaches,
such as inverse probability weighting or doubly
robust estimators, could further validate our find-
ings in future work. Follow-up duration also var-
ied considerably between patients and groups,
and not all outcomes were standardized to follow-
up time, which may have introduced bias in
measures influenced by observation length, such
as relapse counts and disability progression.
Furthermore, information on concomitant medi-
cations was not consistently coded across patients.
While we excluded IVIG and other non-MS-spe-
cific therapies from the analysis (as shown in
Figure 1), the use of symptomatic treatments that
may influence relapse occurrence, functional per-
formance, or disability progression was not
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systematically captured and therefore could not
be evaluated. Finally, once patients are already on
a high-efficacy therapy, a “vertical” switch is not
possible; thus, within-tier switches in this group
are necessarily classified as horizontal. While this
limits direct comparability with vertical switchers,
we consider these dynamics clinically relevant
and have provided subgroup analyses to better
illustrate these patterns. As registry data are pre-
dominantly drawn from specialized MS centers,
the findings may be more applicable to referral
center populations than to community-based
practice settings.

Conclusion

In summary, this registry-based study compared
real-world outcomes of horizontal and vertical
DMT switching in RRMS. Vertical switching was
associated with greater reductions in relapse
activity, lower risk of disability worsening, and
higher rates of disease stability. However, a subset
of patients achieved favorable outcomes following
horizontal switching, particularly those with lower
baseline disability, fewer prior relapses, and later-
line treatment changes. These findings suggest
that while vertical switching generally provides
superior disease control, horizontal switching
may maintain stability in selected patients with
milder disease or non-efficacy-related treatment
changes. Further studies are warranted to con-
firm these patterns and clarify their long-term
impact on disability progression and PIRA.

Declarations

Ethics approval and consent to participate

This study was conducted in accordance with
the Declaration of Helsinki and received
approval from the MSBase Scientific Leadership
Group. Informed consent for study participa-
tion was obtained from all patients through the
MSBase Registry protocols. Local approval was
obtained from the Civil Hospital of Guadalajara’s
ethics committee (CEI 185/22).

Consent for publication
Not applicable.

Author contributions

Enrique Gomez-Figueroa: Conceptualization;
Formal analysis; Funding acquisition; Inves-
tigation; Methodology.

Patricia Orozco-Puga: Formal analysis;

Writing — original draft.

Cynthia Patricia Corona-Vazquez:
Methodology; Writing — original draft.

Carlos Moreno-Bernardino: Investigation;
Methodology; Writing — original draft.

Graciela Elizabeth De la Mora-Landin:
Investigation; Writing — original draft.

Amado Jiménez-Ruiz: Conceptualization.

Christian Garcia-Estrada: Writing — review &
editing.

Lizeth Zertuche-Ortuiio: Conceptualization;
Writing — review & editing.

Sergio Saldivar-Davila: Writing — original
draft.

Roberto Rodriguez-Rivas: Writing — review &
editing.

Lisette Bazan-Rodriguez: Writing — review &
editing.

José Flores-Rivera: Methodology; Writing —
review & editing.

Tomas Kalincik: Data curation; Formal analy-
sis; Writing — review & editing.

Katherine Buzzard: Data

Methodology.

curation;

Samia Khoury: Data curation.
Pierre Duquette: Data curation.

Matteo Foschi: Data curation; Writing — review
& editing.

Andrea Surcinelli: Data curation; Validation;
Writing — review & editing.

Bianca Weinstock-Guttman: Data curation.
Riadh Gouider: Data curation.
Saloua Mrabet: Data curation.
Data

Jeannette Lechner-Scott: curation;

Writing — review & editing.
Helmut Butzkueven: Data curation.
Raed Alroughani: Data curation.

Izanne Roos:
review & editing.

Conceptualization; Writing —

Francesco Patti:
review & editing.

Data curation; Writing —

journals.sagepub.com/home/tan


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

THERAPEUTIC ADVANCES in
Neurological Disorders

Volume 18

Bassem Yamout: Data curation.

Francgois Grand’Maison: Data curation.
Daniele Spitaleri: Data curation.

Pamela McCombe: Data curation.

José Luis Sanchez-Menoyo: Data curation.
Serkan Ozakbas: Data curation.

Abdullah Al-Asmi: Data curation.

Nevin John: Data curation.

Elisabetta Cartechini: Data curation.

Anneke Van der Walt: Data curation; Writing
— review & editing.

Justin Garber: Data curation.
Emmanuelle Lapointe: Data curation.
Aysun Soysal: Data curation.

Eduardo Aguera-Morales: Data curation.
Joana Guimarides: Data curation.

José Luis Ruiz-Sandoval: Data curation;
Supervision; Writing — original draft.

Acknowledgments

The authors thank the patients and clinicians who
contribute data to the MSBase Registry, as well as
the MSBase Scientific Leadership Group for
oversight of this study.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This study was
made possible through a small grant from the
European Charcot Foundation. No other exter-
nal funding was received.

Competing interests

E.G.-F. serves as assistant editor of Neurology
and received honoraria and research grants from
LFB, Roche, Novartis, and Merck. P.O.-P. has
nothing to disclose. C.C.-V. has nothing to dis-
close. C.M.-B. has nothing to disclose.
E.G.D.M.-L. has nothing to disclose. A.J.-R. has
nothing to disclose. C.G.-E. has nothing to dis-
close. L..Z.-O. has nothing to disclose. S.S.-D.
has nothing to disclose. R.R.-R. has nothing to
disclose. L.B.-R. has nothing to disclose. J.F.-R.
has nothing to disclose. T.K. served on scientific
advisory boards or as a consultant for the MS

International Federation and multiple pharma-
ceutical companies, receiving research and travel
support. K.B. received speaker honoraria and
advisory board compensation from various phar-
maceutical companies. S.K. was compensated for
serving on the IDMC for Biogen. P.D. has served
on editorial boards and received support from
EMD, Biogen, Novartis, Genzyme, and TEVA
Neuroscience. M.F. received travel support and
served as a consultant for Roche and Novartis.
A.S. (Andrea Surcinelli) received travel and meet-
ing attendance support from multiple companies.
B.W.-G. has served as a consultant for various
pharmaceutical companies and received research
support. R.G. received research grants and advi-
sory board honoraria. S.M. received a
MENACTRIMS clinical fellowship grant. J.L.-S.
received honoraria and research grants through
her institution. H.B. received institutional fund-
ing and conducted contracted research for phar-
maceutical companies. R.A. received honoraria
for speaking and serving on advisory boards. I.R.
served on scientific advisory boards and received
travel support. F.P. received personal compensa-
tion for advisory boards and research grants from
multiple sources. B.Y. received honoraria, con-
sulting fees, and research grants. F.G. received
honoraria or research funding from several phar-
maceutical companies. D.S. received honoraria
for advisory board service and travel compensa-
tion. P.M. received speakers’ fees and travel
grants. J.L..S.-M. accepted travel compensation,
speaking honoraria, and participated in clinical
trials. S.O. received honoraria for advisory board
roles and clinical trials. A.A.-A. received personal
compensation as a scientific advisor and speaker.
N.J. is a principal investigator in MS studies and
received speaker’s honoraria. E.C. has nothing to
disclose. A.V.W. served on advisory boards,
received research grants, and speaker’s honoraria.
J.G. (Justin Garber) received travel support,
speaker honoraria, and research funding. E.L.
received speaker and consulting fees from phar-
maceutical companies. A.S. (Aysun Soysal) has
nothing to disclose. E.A.-M. received honoraria
as a speaker and served on advisory boards. J.G.
(Joana Guimarides) has nothing to disclose.
J.L.R.-S. has nothing to disclose. M.B. served on
scientific advisory boards, received conference
travel support, and participated in steering com-
mittees. V.S. has nothing to disclose. M.D.G. has
nothing to disclose. V.V.P. received travel grants,
research grants, and consultancy fees from multi-
ple companies. M.S. has no relevant disclosures.

journals.sagepub.com/home/tan


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

E Gomez-Figueroa, P Orozco-Puga et al.

Availability of data and materials

The data that support the findings of this study
are available through the MSBase Registry.
Access to MSBase data is subject to approval by
the MSBase Scientific Leadership Group and
cannot be shared publicly due to patient privacy
restrictions.

ORCID iDs
Enrique Gomez-Figueroa
0000-0002-0206-322X

https://orcid.org/

Carlos Moreno-Bernardino
org/0009-0008-2309-4229

https://orcid.org/0000-

https://orcid.

Amado Jiménez-Ruiz
0002-0257-3107

Christian Garcia-Estrada
0000-0002-0668-0567

https://orcid.org/

Roberto Rodriguez-Rivas https://orcid.org/

0000-0002-2683-5351

José Flores-Rivera https://orcid.org/0000-

0001-6019-3009

Pierre Duquette https://orcid.org/0000-

0001-7231-1754

Matteo Foschi
0321-7155

https://orcid.org/0000-0002-

Bianca Weinstock-Guttman
org/0000-0001-6732-151X

https://orcid.org/0000-

https://orcid.

Helmut Butzkueven
0003-3940-8727

Raed Alroughani
0001-5436-5804

https://orcid.org/0000-

Francesco Patti https://orcid.org/0000-
0002-6923-0846

Nevin John https://orcid.org/0000-0002-
9834-4498

Anneke Van der Walt https://orcid.

org/0000-0002-4278-7003

Supplemental material
Supplemental material for this article is available
online.

References
1. Portaccio E, et al. Multiple sclerosis: emerging
epidemiological trends and redefining the clinical

10.

11.

12.

course. Lancet Regional Health — Europe 2024; 44:
100977.

Newsome SD, Binns C, Kaunzner UW, et al. No
evidence of disease activity (NEDA) as a clinical
assessment tool for multiple sclerosis: clinician
and patient perspectives [narrative review]. Neurol
Ther 2023; 12: 1909-1935.

Singer BA, Feng ] and Chiong-Rivero H. Early
use of high-efficacy therapies in multiple sclerosis
in the United States: benefits, barriers, and
strategies for encouraging adoption. ¥ Neurol
2024; 271: 3116.

He A, et al. Timing of high-efficacy therapy

for multiple sclerosis: a retrospective
observational cohort study. Lancet Neurol 2020;
19: 307-316.

Spelman T, et al. Treatment escalation vs
immediate initiation of highly effective treatment
for patients with relapsing-remitting multiple
sclerosis: data from 2 different national strategies.
FAMA Neurol 20215 78: 1197-1204.

. Linemann JD, Ruck T, Muraro PA, et al.

Immune reconstitution therapies: concepts for
durable remission in multiple sclerosis. Nar Rev
Neurol 2019; 16: 56—62.

Filippi M, et al. Early use of high-efficacy disease-
modifying therapies makes the difference in
people with multiple sclerosis: an expert opinion.
F Neurol 2022; 269: 5382-5394.

Llamosa-Garcia-Velazquez GdL, Sanchez-
Rosales NA, Rodriguez-Leal FA, et al. Guia
de practica clinica MEXCTRIMS para el
diagnostico y el tratamiento de la esclerosis
multiple en México. Parte I. Gac Med Mex.
http://dx.doi.org/10.24875/GMM.25000193

Buron MD, Kalincik T, Sellebjerg F, et al. Effect
of lateral therapy switches to oral moderate-
efficacy drugs in multiple sclerosis: a nationwide
cohort study. ¥ Neurol Neurosurg Psychiarry 2021;
92: 556-562.

D’Amico E, Leone C, Zanghi A, et al. Lateral
and escalation therapy in relapsing-remitting
multiple sclerosis: a comparative study. ¥ Neurol
20165 263: 1802—-1809.

Butzkueven H, et al. MSBase: an international,
online registry and platform for collaborative
outcomes research in multiple sclerosis.

Mulr Scler ¥ 200065 12: 769-774.

Rojas JI, et al. Effectiveness and safety of
early high-efficacy versus escalation therapy
in relapsing-remitting multiple sclerosis in
Argentina. Clin Neuropharmacol 2022; 45:
45-51.

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan
https://orcid.org/0000-0002-0206-322X
https://orcid.org/0000-0002-0206-322X
https://orcid.org/0009-0008-2309-4229
https://orcid.org/0009-0008-2309-4229
https://orcid.org/0000-0002-0257-3107
https://orcid.org/0000-0002-0257-3107
https://orcid.org/0000-0002-0668-0567
https://orcid.org/0000-0002-0668-0567
https://orcid.org/0000-0002-2683-5351
https://orcid.org/0000-0002-2683-5351
https://orcid.org/0000-0001-6019-3009
https://orcid.org/0000-0001-6019-3009
https://orcid.org/0000-0001-7231-1754
https://orcid.org/0000-0001-7231-1754
https://orcid.org/0000-0002-0321-7155
https://orcid.org/0000-0002-0321-7155
https://orcid.org/0000-0001-6732-151X
https://orcid.org/0000-0001-6732-151X
https://orcid.org/0000-0003-3940-8727
https://orcid.org/0000-0003-3940-8727
https://orcid.org/0000-0001-5436-5804
https://orcid.org/0000-0001-5436-5804
https://orcid.org/0000-0002-6923-0846
https://orcid.org/0000-0002-6923-0846
https://orcid.org/0000-0002-9834-4498
https://orcid.org/0000-0002-9834-4498
https://orcid.org/0000-0002-4278-7003
https://orcid.org/0000-0002-4278-7003
http://dx.doi.org/10.24875/GMM.25000193

THERAPEUTIC ADVANCES in
Neurological Disorders

Volume 18

Visit Sage journals online
journals.sagepub.com/
home/tan

SSagejournals

13.

14.

15.

16.

17.

18.

19.

Polman CH, et al. Diagnostic criteria for multiple
sclerosis: 2010 Revisions to the McDonald
criteria. Ann Neurol 20115 69: 292-302.

Thompson AJ, et al. Diagnosis of multiple
sclerosis: 2017 revisions of the McDonald
criteria. Lancet Neurol 2018; 17: 162-173.

Kalincik T, et al. Towards personalized
therapy for multiple sclerosis: prediction of
individual treatment response. Brain 2017; 140:
2426-2443.

Scott T, Wang P, You X, et al. Relationship
between sustained disability progression and
functional system scores in relapsing-remitting
multiple sclerosis: analysis of placebo data from
four randomized clinical trials. Neuroepidemiology
2015; 44: 16-23.

Sharmin S, et al. Confirmed disability progression
as a marker of permanent disability in multiple
sclerosis. Eur J Neurol 2022; 29: 2321.

Package “MSoutcomes.” CORe multiple sclerosis
outcomes toolkit, 2025. DOI: 10.1093/brain/
awv258.

Dzau W, et al. Risk of secondary progressive
multiple sclerosis after early worsening of

20.

21.

22.

23.

24.

disability. ¥ Neurol Neurosurg Psychiatry 2023; 94:
984-991.

Guger M, et al. Effects of horizontal versus
vertical switching of disease-modifying
treatment after platform drugs on disease
activity in patients with relapsing-remitting
multiple sclerosis in Austria. ¥ Neurol 2023;
270: 3103-3111.

Muller J, et al. Escalating to medium- versus
high-efficacy disease modifying therapy after low-
efficacy treatment in relapsing remitting multiple
sclerosis. Brain Behav 2024; 14: €3498.

Buron MD, et al. Comparative effectiveness
of teriflunomide and dimethyl fumarate: a
nationwide cohort study. Neurology 2019; 92:
E1811-E1820.

Browne P, et al. Atlas of multiple sclerosis
2013: a growing global problem with
widespread inequity. Neurology 2014; 83:
1022-1024.

San-Juan-Rodriguez A, et al. Trends in prices,
market share, and spending on self-administered
disease-modifying therapies for multiple sclerosis
in medicare Part D. ¥AMA Neurol 2019; 76:
1386-1390.

journals.sagepub.com/home/tan


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

