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Abstract
Background: Switching disease-modifying therapies (DMTs) is common in relapsing-remitting 
multiple sclerosis (RRMS). Vertical switching to higher-efficacy agents generally outperforms 
horizontal switching within the same efficacy tier, yet horizontal switches remain frequent 
where escalation is impractical.
Objectives: To compare real-world outcomes after horizontal versus vertical DMT switches 
and to identify predictors of successful horizontal switching.
Design: Retrospective, registry-based observational study.
Methods: Adults with RRMS who switched DMTs in the MSBase Registry (2010–2023) were 
analyzed. Horizontal switches were defined as transitions within efficacy tiers, and vertical 
switches as transitions to a higher tier. Propensity score matching (1:1) generated balanced 
cohorts. Multivariable mixed-effects models with a random intercept for patients were used to 
evaluate associations with outcomes. The primary outcome was no evidence of disease activity 
(NEDA-3) during the treatment period; secondary outcomes included annualized relapse rate 
(ARR), Expanded Disability Status Scale (EDSS) change, confirmed disability worsening (CDW), 
confirmed disability improvement (CDI), and progression independent of relapse activity 
(PIRA). Predictors of successful horizontal switching were explored using logistic regression.
Results: A total of 4934 matched switches (2467 pairs) were analyzed. Vertical switching 
achieved higher NEDA-3 rates than horizontal switching (45.8% vs 33.7%) and was associated 
with lower ARR, reduced CDW risk, and more frequent CDI; differences in EDSS progression 
and PIRA were not significant. Among horizontal switchers, 33.7% achieved NEDA-3. Success 
was associated with lower baseline EDSS, fewer prior relapses, and later-line switching. 
Outcomes varied by destination therapy: anti-CD20 agents had the highest success (≈50%), 
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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.

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
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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.1,2

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.3–5 
In parallel, immune reconstitution therapies 
(IRTs) have gained attention as a distinct treat-
ment paradigm.6 Regardless of strategy, DMTs 
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are classified into efficacy tiers based on their 
impact on clinical and radiological outcomes.7

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,9,10 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.11 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:

•• Horizontal switchers: transitions between 
DMTs of comparable efficacy.

•• 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 classifications3,5,7,12:

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

•• Moderate-efficacy DMTs: dimethyl fuma-
rate (DMF), fingolimod, and other sphin-
gosine-1-phosphate receptor modulators 
(S1Ps).

•• 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 DMTs 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-
teria13,14 and were aged between 18 and 50 years 
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.4,5,15 The start of fol-
low-up was defined as the date of treatment 
switch. Patients were required to have at least 
12 months of follow-up on the second DMT to 
assess clinical outcomes. For IRTs such as CLAD 
and ALEM, patients were only included if they 
had completed the full treatment course and had 
a minimum of 12 months 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 (⩾30 days 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,18 following the definition provided by 
Dzau et al.,19 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) using 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, MatchIt, lmerTest, pROC, 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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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, 

p < 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 35.7 years; 
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 7.2 years; 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 

Figure 1.  Flowchart of patients’ selection.
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was comparable between groups (0.38 vs 0.37; 
SMD = 0.02). By definition, successful switchers 
experienced no relapses during follow-up (ARR 
0.00 vs 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 

Table 2.  Mixed-effects models for clinical outcomes by switch type and determinants of successful horizontal switching.

Outcome Univariable Multivariablea

Estimate OR 95% CI p Estimate OR 95% CI p

(A) Vertical vs horizontal switching mixed models

 � Reduction in the number of relapses 
under the previous vs switching 
treatment

1.05 2.85 2.31–3.52 <0.001 0.37 1.45 1.15–1.84 0.002

  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 1.11 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 
treatment switch (years)

−0.02 0.99 0.97–1 0.031 0.02 1.02 1.00–1.04 0.028

 � Duration of previous treatment 
before switching (years)

−0.03 0.97 0.95–0.99 0.012 −0.02 0.98 0.96–1.01 0.186

  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 
(reference = platform)

−1.35 0.26 0.2–0.33 <0.001 −1.33 0.26 0.20–0.34 <0.001

 � Switch within high efficacy 
(reference = platform)

−0.82 0.44 0.37–0.53 <0.001 −0.81 0.44 0.37–0.53 <0.001

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% CI, 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; CI, 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.
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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 
DMTs 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-β (25%; 
χ2 = 76.22, 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-β 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-β 
(+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 

Figure 2.  Multivariable logistic regression model of predictors for successful horizontal switching.
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Figure 3.  Rate of outcomes per treatment after horizontal switching.

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 

Table 3.  Efficacy outcomes across matched horizontal switchers.

DMT Total 
switches

Successfully 
switched

NEDA-3 rate 
(%)

Mean ARR 
change

Mean EDSS 
change

No MRI activity 
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-β, interferon beta; NEDA-3, no evidence  
of disease activity; NTZ, natalizumab; S1P, sphingosine-1-phosphate receptor modulator; TF, teriflunomide.
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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 

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.
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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 registry20 
showed that vertical switchers were less likely to 
relapse and had lower ARR than horizontal 
switchers, while the Swiss National Treatment 
Registry21 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 study10 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 
Registry22 had outcomes such as ARR after hori-
zontal switching that depend strongly on baseline 
characteristics, including EDSS and prior DMT 
history.

Table 4.  Success rates of horizontal switching by DMT origin and destination.

Tier Origin DMT Destination 
DMT

Number of 
switches (n)

Proportion of 
switches from 
origin (%)

Successful 
switches (n)

Success 
rate (%)

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 53

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 44

High antiCD20 antiCD20 30 64 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.
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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,4,5,12 while also providing guidance 
for treatment selection in resource-constrained  
settings23,24—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.
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