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ABSTRACT

Introduction: Ofatumumab (OFA) is a highly
effective therapeutic option for multiple scle-
rosis (MS), but real-world data on its efficacy
and safety remain limited. We evaluated the
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real-world efficacy and safety of OFA in patients
with MS and explored the predictive value of
frailty.

Methods: We retrospectively collected clini-
cal and MRI data from 12 MS centers in Cen-
tral Italy, including patients who initiated OFA
between April 2022 and January 2024. We
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assessed annualized relapse rate (ARR), clini-
cal relapses, radiological activity, and safety.
Frailty, defined as increased vulnerability due to
age-related health deficits, was measured using
a frailty index (FI). The study was approved by
the local Ethics Committee (No. 6357).
Results: A total of 242 patients with MS
were included (66.8% female and 33.2% male;
mean age: 38.9 + 10.3 years; disease duration:
7.7 £ 7.6 years). Of these, 95 (39.2%) were treat-
ment-naive, and 147 (60.8%) had switched from
another therapy, mostly a first switch. The mean
follow-up was 15.4 + 5.4 months; all patients
completed 12-month follow-up, and 103 com-
pleted 24 months. ARR dropped from 0.9 to
0.02 (p < 0.001). Only 4 patients (1.6%) had
a clinical relapse, all within 6 months (mean
time: 3.0 £ 1.8 months). Expanded Disabil-
ity Status Scale (EDSS) scores remained stable
(p > 0.05). MRI activity occurred in 10 patients
(4.1%) at 6 months and 3 (1.2%) at 12 months;
none at 24 months. Adverse events included
flu-like symptoms (34.3%), injection site reac-
tions (8.2%), and infections (18.5%). Among
239 patients assessed for frailty (mean FI:
0.06 + 0.08), 187 were relatively fit (FI < 0.10), 30
least fit, and 22 frail. FI predicted 24-month con-
firmed disability progression (p = 0.0068), with
significant variation by frailty level (p = 0.0009).
Conclusion: This real-world study suggests
that OFA is effective and safe for MS, offering
rapid disease control. Lower frailty levels suggest
preferential use in patients with lower baseline
disability. Further large-scale, long-term studies
are needed.

Keywords: Ofatumumab; Real-world study;
Frailty;  Effectiveness; Safety; Confirmed
disability progression
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Why carry out this study?

Multiple sclerosis (MS) is a chronic, disabling
disease associated with a substantial personal
and healthcare burden; despite its high effi-
cacy, real-world data on ofatumumab (OFA)
remain scarce.

There is a clinical need to understand how
frailty—an age-related vulnerability state—
may impact treatment outcomes in MS,
particularly in real-world settings.

This study investigated the real-world efficacy
and safety of OFA in patients with MS and
explored whether frailty could predict disabil-
ity progression.

What was learned from the study?

OFA real-world clinical settings markedly
reduced relapse rates (ARR from 0.9 to 0.02)
and MRI activity, with a low incidence of
clinical relapses (1.6%) and stable disability
scores over a mean follow-up of 15 months.

Frailty, measured via a frailty index, was a
significant predictor of 24-month disability
progression, highlighting the importance of
incorporating frailty assessment into treat-
ment planning and future clinical research.

INTRODUCTION

Multiple sclerosis (MS) is a chronic and progres-
sive neurological disease characterized by neu-
roinflammation, demyelination, and neurode-
generation, which occur from the earliest phases
of the disease [1]. Patients with MS accumulate
disability through relapse-associated worsening
or progression independent of relapse activity
[2]. Early intervention with high-efficacy dis-
ease-modifying therapies (DMTs) may represent
the best treatment approach to delay irrevers-
ible central nervous system damage and MS-
related disability progression [3-5]. In this con-
text, monoclonal antibodies targeting the CD20
molecule on B-cell surfaces represent one of the
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most effective therapeutic approaches, as they
cause B-cell depletion, which plays a key role in
the autoimmune response underlying MS [6-8].

Ofatumumab (OFA) is a fully human mono-
clonal antibody self-administered at home via
subcutaneous injection. It targets CD20 on B
cells and was recently approved for relapsing
multiple sclerosis (RMS) [8, 9]. The efficacy
and safety of OFA were assessed in two iden-
tically designed randomized controlled trials,
ASCLEPIOS I (NCT02792218) and ASCLEPIOS I
(NCT02792231), which involved patients with
RMS [10]. While these trials yielded promising
results, real-world data on OFA remain limited
[11, 12]. Therefore, bridging the gap between
controlled studies and routine clinical practice
is essential to fully characterize the therapeutic
profile of OFA.

The primary objective of this study was to
assess the efficacy and safety of OFA treatment
in a real-world cohort of patients with relaps-
ing MS over a 24-month period. Additionally,
using a frailty index (FI)—a measure of increased
susceptibility to adverse health outcomes due to
multisystemic vulnerability [13]—we aimed to
characterize the frailty status of patients with MS
treated with OFA and to evaluate the predictive
value of frailty for disability progression.

METHODS

Study Design

We collected clinical and magnetic resonance
imaging (MRI) data from patients followed at
12 MS clinics in Central Italy. We evaluated the
annualized relapse rate (ARR) in the 12 months
before the start of OFA and 12 and 24 months
after, the proportion of patients who experi-
enced relapses, and any radiological activity dur-
ing treatment with OFA at 12 and 24 months
post-therapy initiation. The safety profile of
OFA was also assessed. Clinical and MRI data
were prospectively collected by each MS center
during routine clinic visits, following national
treatment guidelines [14], and retrospectively
reviewed for this study.

Study Population, Clinical and Radiological
Assessment

We enrolled patients with a diagnosis of RMS
based on the 2017 McDonald criteria [15] who
initiated treatment with OFA between April
2022 and January 2024. Eligibility required a
minimum of 6 months of OFA therapy. Treat-
ment was administered in accordance with Euro-
pean and Italian Medicines Agency guidelines.
OFA was given as 20-mg subcutaneous injections
at weeks O, 1, and 2, followed by monthly 20-mg
injections starting at week 4. Both treatment-
naive patients and those previously treated with
moderate- or high-efficacy DMTs were included.
Data on prior DMT use, most recent DMT before
OFA, and washout durations were collected.

Disability was assessed by a neurostatus-cer-
tified MS specialist at baseline and at 12 and
24 months after starting OFA using the standard
Expanded Disability Status Scale (EDSS) scoring
system described by Kurtzke [16], which ranges
from O (normal neurological examination) to
10 (death due to MS). This scale is based on
the evaluation of eight functional systems (FS):
pyramidal, cerebellar, brainstem, sensory, bowel
and bladder, visual, cerebral (or mental), and
other. Each FS is scored individually and then
integrated with the assessment of ambulation
capacity to assign a final EDSS score. All exami-
nations were performed following standardized
procedures and scored according to the Neu-
rostatus e-scoring system to ensure inter-rater
consistency.

We also assessed confirmed disability progres-
sion (CDP) at 24 months (CDP_24M), defined
according to standard clinical criteria based
on the EDSS: an increase of > 1.5 points for
patients with a baseline EDSS of 0, > 1 point for
those with baseline EDSS between 1.0 and 5.0,
and > 0.5 points for baseline EDSS > 5.5.

Brain and spinal cord MRI scans were per-
formed using 1.5 T or 3 T scanners, depend-
ing on the MS center. Standardized protocols
included axial T1-weighted, T2-weighted, FLAIR,
and gadolinium-enhanced T1 sequences. Radio-
logical activity was defined as the presence of
new or enlarging T2 lesions and/or contrast-
enhancing T1 lesions at 12 and 24 months.

A\ Adis



Neurol Ther

Whenever possible, the same scanner and acqui-
sition protocol were used at each follow-up (FU).
The safety profile of OFA was evaluated by
recording all adverse events (AEs) and severe
adverse events (SAEs), classified according to
the European Medicines Agency guidelines. AEs
were defined as any medical occurrence in a
subject administered a pharmaceutical product,
regardless of a causal relationship with the treat-
ment. SAEs were defined as AEs that resulted in
death, were life-threatening, required hospitali-
zation, or caused significant disability or inca-
pacity, and were reported to the local pharma-
covigilance system when applicable.

AEs were reported spontaneously by patients
or identified during scheduled FU visits. They
were monitored at each scheduled visit through
structured clinical interviews, physical exami-
nation, and review of laboratory tests (e.g.,
complete blood count, liver and kidney func-
tion, and urinalysis). Investigators used a stand-
ardized safety checklist covering common and
expected reactions (e.g., injection-site reactions,
flu-like symptoms, infections), and all AEs were
classified based on severity, duration, and poten-
tial causal relationship with OFA. Adverse events
causality was assessed by the treating neurologist
based on temporal relationship and biological
plausibility.

Written informed consent was obtained from
all study participants. The study was conducted
in accordance with the ethical principles of the
Declaration of Helsinki and it was approved by
the local Ethics Committee of the University
Hospital Policlinico Umberto I (No. 6357) on
June 9, 2021.

Frailty

Frailty was measured using the deficit accumula-
tion model, which suggests that frailty increases
proportionally with the accumulation of age-
related health deficits [17]. A Frailty Index (FI)
was calculated following standard procedures
[18, 19], considering clinical symptoms, signs,
comorbidities, laboratory abnormalities, and
disabilities unrelated to MS [20]. This model
assumes that frailty increases with the number of
health-related deficits an individual accumulates

over time [18]. The FI was expressed as a con-
tinuous score between 0 and 1.

A Frailty Index (FI) was calculated for each
patient by dividing the number of health deficits
present by the total number considered. In this
study, we used a 42-item FI, previously validated
in the MS population [20]. The items included
a combination of clinical symptoms and signs
(e.g., fatigue, dizziness, pain, weight loss, falls),
functional impairments (e.g., walking, dress-
ing, feeding), comorbidities (e.g., hypertension,
diabetes, depression, osteoarthritis), laboratory
abnormalities (when available), non-MS-related
disabilities. Each item was coded as O = deficit
absent and 1 = deficit present. The final FI score
ranges from O (no deficits) to 1 (all deficits pre-
sent) and is calculated as the sum of the scores
obtained across all items divided by 42, which
is the total number of items included. Follow-
ing literature-based thresholds, patients were
categorized into relatively fit: FI < 0.10, least fit:
0.10 < F1 £0.21, and frail: FI > 0.2. All investiga-
tors received specific training on the use of the
frailty index in MS, and data were collected fol-
lowing a standardized form to ensure uniformity
across centers.

Statistical Analysis

Statistical analyses were performed using SPSS
25.0 (IBM, New York, USA). Descriptive statis-
tics were calculated for demographic and clini-
cal characteristics. The Shapiro-Wilk test was
used to verify normal distribution of continu-
ous variables. Parametric or non-parametric
tests were applied accordingly. Parametric tests
included the Student’s t test and ANOVA. Non-
parametric tests included the Mann-Whitney U
test and Kruskal-Wallis test. Spearman’s correla-
tions were used to assess associations between
the patients with FI and MS demographic and
clinical features. Group comparisons were per-
formed using chi-square tests, ANOVA, or the
median test, as appropriate. Binary logistic
regression and multivariate linear regression
models were constructed to assess predictors of
treatment-naive status, relapse number, and dis-
ability progression. ROC curves and AUC values
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were calculated to assess model performance. P
values < 0.05 were considered significant.

RESULTS

A total cohort of 242 patients with MS
(67.3% female and 32.7% male; mean
age: 38.9 + 10.3 years; disease duration:
7.7 £ 7.6 years) was enrolled in the study. Demo-
graphic and clinical characteristics of the whole
cohort at baseline are shown in Table 1. A total
of 95 patients (39.2%) were treatment-naive,
while 147 were switchers. Among switchers,
77 patients had used one DMT before starting
OFA, while 70 patients had used two or more
DMTs. A total of 89 (60.5%) patients changed
treatment for efficacy, 43 (29.2%) for safety,
12 (8.3%) for tolerability and 3 (2%) for other
reasons. The median washout period before
switching to OFA was 4 weeks [interquartile
range (IQR) = 2-15]. The mean FU duration
was 15.4 + 5.4 months, and the median was
12 months (IQR: 12-24 months). All patients
completed the 12-month FU, while 103 com-
pleted the 24-month FU.

Table 1 Demographic and baseline clinical characteristics
of the patients with RMS (7 = 242) treated with OFA in a
real-world setting

Characteristics
Age, years, mean + SD 389+10.3
Females, 7 (%) 163

(66.8)
Male, 7 (%) 79 (32.7)
Disease duration, years, mean + SD 77+7.6
Treatment-naive, zn (%) 95 (40)
First switchers, 7 (%) 77 (52.4)
EDSS at baseline, median (IQR) 2(1-3)

Data are expressed as mean + SD or median and IQR

EDSS Expanded Disability Status Scale, JQR interquartile
range, OF4 Ofatumumab, RMS relapsing multiple sclero-
sis, SD standard deviation

OFA Efficacy and Safety

The ARR reduced from 0.9, mean value in
the 12 months before starting OFA, to 0.02,
mean value after 24 months of treatment with
OFA (p < 0.001). During the available FU, only
four patients clinically relapsed (1.6%; 2 from
fingolimod, 1 from natalizumab, and 1 from
dimethylfumarate). The washout period for
patients with clinical relapses was 5 weeks for
those on fingolimod, 4 for those on natali-
zumab, and 2 weeks for those on dimethyl-
fumarate. The reason for changing therapy
were efficacy (1 patient from fingolimod and
1 from dimethylfumarate), safety (1 patient
from natalizumab), and desire of pregnancy (1
patient from fingolimod). All relapses occurred
during the first 6 months of therapy, with a
mean time to first relapse of 3.0 + 1.8 months
after starting OFA treatment.

The EDSS total score did not change signifi-
cantly during the FU [median at baseline: 2.0
(IQR = 1-3); at 12 months: 1.5 (IQR = 1-2.5);
and at 24 months: 1.5 (IQR = 1-2.5); p > 0.05].
These data are shown in Fig. 1.

EDSS scores over time

7 o} o o
o o o

6 o o o
o [}

5F o

EDSS score

|

24 months

Baseline 12 months

Fig. 1 EDSS before starting OFA and 12 and 24 months
after. Data are expressed as median and interquartile range
(IQR). EDSS Expanded Disability Status Scale, OFA ofa-

tumumab
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A total of 103 patients who completed a
24-month FU, 19 patients (18.4%) exhibited
CDP. Among these 19 patients, 10 (53%) were
switchers (6 from natalizumab, 1 from fingoli-
mod, 1 from cladribine, and 2 from dimethyl
fumarate), and 9 (47%) were treatment-naive.

MRI activity was observed in 10 patients
(4.1%) within the first 6 months of treatment
and in 3 patients (1.2%) at the 12-month FU.
No MRI activity was observed at 24 months.
Of the 10 patients with radiological activity at
6 months, 2 were treatment-naive and 8 were
switchers (2 from natalizumab, 3 from fingoli-
mod, 2 from dimethyl fumarate, 1 from glati-
ramer acetate). All had new T2 lesions, and 4
(one naive and 3 switchers) also had gadolin-
ium-enhancing T1 lesions. At 12 months, the 3
patients with MRI activity (only new T2 lesions)
were all switchers: 1 from dimethyl fumarate
(2-week washout), 1 from fingolimod (4-week
washout), and 1 from natalizumab (4-week
washout). Two of these patients who switched
from natalizumab and from dimethylfumarate
had also shown activity at 6 months.

The reported adverse events were flu-like
syndrome during the first administration (83
patients, 34.3%), injection site reactions (20
patients, 8.2%) and infection (45 patients,
18.5%) of which 21 (46.6%) involved the upper
respiratory tract and 24 (53.4%) the urinary
tract. These results are summarized in Table 2.
Only five patients discontinued OFA—three due
to tolerability issues, one due to worsening of
pre-existing autoimmune thrombocytopenia,
and one due to pregnancy that was carried to
term without complications. The new-born did
not present any alterations at birth (length:
50 cm; weight: 2790 g; Apgar index at 1st min:
9; Apgar index at 5th min: 10).

Frailty and OFA

Frailty was measured in 239 of the 242 patients
with MS enrolled. The 42-item FI used in the
study exhibited a characteristic right-skewed dis-
tribution, with scores ranging from 0 to 0.48,
and a median value of 0.02 (IQR = 0-0.09). Of
the 239 patients with MS assessed for frailty,
187 were relatively fit (FI < 0.10), 30 were least

fit (0.10 < FI £ 0.21), and 22 patients were frail
(FI > 0.21). A comparison of clinical and demo-
graphic characteristics according to frailty degree
is summarized in Table 3. The three groups dif-
fered significantly in terms of age (p < 0.001),
sex (p = 0.04), treatment-naive status (p = 0.002),
and EDSS score before starting OFA (p < 0.001),
and at both 12 and 24 months after treatment
initiation (all p < 0.001).

Frailty was positively correlated with age
(p = 0.001) and EDSS (p < 0.001) and nega-
tively correlated with treatment-naive status
(p = 0.001). A binary logistic regression model
showed a significant negative association
between FI and the likelihood of being treat-
ment-naive, independent of age, sex, EDSS
before starting OFA, and disease duration [odds
ratio (OR) 0.007; 95% confidence interval (CI)
0.001-0.393; p = 0.015]. However, no associa-
tion was found between FI and the number of
relapses during OFA treatment, independent of
age, sex, disease duration, and EDSS (p = 0.9).

In the multivariate logistic regres-
sion analysis, the FI was signifi-
cantly associated with 24-month dis-
ability progression (OR 1.05 x 10°°, 95% CI
6.26 x 1013-1.78 x 108, p = 0.0068). Male sex
was also independently associated with an
increased risk of progression (OR = 5.25, 95%
CI 1.09-25.4, p = 0.039). Age showed a non-sig-
nificant trend toward higher risk (OR = 1.08,
95% CI: 0.99-1.17, p = 0.081), whereas disease
duration, treatment-naive status, and base-
line EDSS were not significant predictors. The

Table 2 Summary of reported adverse events in the ofatu-
mumab-treated cohort

Adverse event n (%) Severity
Flu-like syndrome 83 (34.3%) Mild
Injection site reactions 20 (8.2%) Mild
Infections 45 (18.5%) Mild
Upper respiratory tract 21 (46.6% of infections) Mild

24 (53.4% of infections) Mild

Urinary tract

Data are presented as absolute numbers and percentages.
All events were classified as mild. Infections are further
broken down by site (upper respiratory and urinary tract)
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Fig.2 Distribution of patients with and without con-
firmed disability progression at 24 months by baseline
fragility level in an ofatumumab-treated cohort. The abso-
lute number of patients with and without confirmed dis-
ability progression (CDP) at 24 months, stratified by base-
line fragility level. Patients were categorized as relatively
fit (» = 80), least fit (» = 13), or frail (» = 10) based on
frailty assessment at treatment initiation. The proportion
of patients with CDP increased with worsening baseline
fitness, with the frail group showing the highest percentage
(50%) compared to the relatively fit (15%) and the least fit
(15.4%). Frailty categories are derived from a continuous
frailty index ranging from 0 (no frailty) to 1 (severe frailty)

predictive model demonstrated good discrimi-
native performance, with an area under the
ROC curve (AUC) of 0.84. Moreover, when we
stratified patients with MS according to base-
line fragility level, among patients categorized
as relatively fit (n = 80), 12 (15.0%) experi-
enced CDP. In the least fit group (n = 13), CDP
occurred in 2 patients (15.4%). Notably, the
highest rate was observed in the frail subgroup
(n =10), with 5 patients (50.0%) reaching CDP
within 24 months. The distribution of CDP
events across fragility levels is illustrated in
Fig. 2.

DISCUSSION

Our study provides real-world evidence sup-
porting the effectiveness of OFA in controlling

disease activity, both clinically and radiologi-
cally, as well as in determining the stability of
disability measured with EDSS in patients with
RMS during the 24-month FU period. Addition-
ally, OFA appears to be a safe and well-tolerated
treatment for MS. Our study also highlights the
potential role of frailty as a predictor of long-
term disability progression, reinforcing the
importance of personalized treatment strategies
in MS care and the need of active monitoring
and treatment of comorbidities.

Several precautions were taken to minimize
the influence of confounding factors. To reduce
inter-rater variability in frailty assessment, all
examiners were thoroughly trained in admin-
istering the FI. Clinical assessments were con-
ducted by neurostatus-certified MS specialists,
and radiological assessments were performed by
neuroradiologists with expertise in MS.

To our knowledge, this is the first study to
investigate the long-term efficacy and safety
of OFA in a large cohort of patients with MS in
a real-world setting. Consistent with previous
controlled trials (ASCLEPIOS I/II and ALITH-
I0S) [10, 21], we confirmed the low relapse
rate with OFA and the near-complete reduc-
tion in MRI lesions. Notably, the only four
relapses occurred during FU, all within the first
6 months of therapy and in patients switch-
ing from other DMTs. This may reflect tran-
sient disease reactivation due to prior therapies
and short washout periods. No new relapses
occurred beyond the six-month mark, which
may suggest that OFA has the potential to exert
a rapid and sustained anti-inflammatory effect
in real-world settings. Our findings also align
with two recent real-word cohort studies with
shorter FU [11, 12]. In these studies, however,
patients were older and disease duration longer
than our cohort thus suggesting in a real word
setting an early use of HET in our MS cent-
ers. Our study suggested the high efficacy of
OFA even up to 24 months FU in real-world
settings.

MRI findings support this interpretation.
Most patients remained free from radiological
activity at both 12- and 24-month FU assess-
ments. Importantly, patients with MRI activity
were predominantly switchers, and some had
already shown radiological activity during the
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early phase of OFA treatment. These data align
with the known effectiveness of OFA in reducing
inflammatory activity and confirm its real-world
applicability.

Furthermore, we observed a low risk of dis-
ability progression, suggesting that OFA may
exert a rapid effect in controlling disability
progression from the early months of therapy.
These findings are in line with data from con-
trolled clinical trials [21]. Recent studies have
also shown that OFA is comparable in efficacy
to other highly efficacious monoclonal antibody
therapies (i.e., alemtuzumab, natalizumab, and
ocrelizumab) and ranks among the most effec-
tive DMTs in reducing ARR in patients with RMS
[7, 22, 23].

In line with literature indications that early
initiation of high-efficacy treatment in RMS
leads to better long-term outcomes compared
with delayed initiation, in our real-world cohort
about 40% of patients were treatment naive and
53% of switchers were undergoing their first
DMT switch.

Regarding safety, OFA administration was
associated with a higher incidence of post-
administration reactions, such as flu-like symp-
toms, especially after the initial dose. However,
these events subsided in the short term. This is
consistent with data from regulatory trials and
recently reported real-world data [11].

In our study, only five patients discontinued
OFA, three due to tolerability issues, one due to
worsening of pre-existing autoimmune throm-
bocytopenia, and one due to pregnancy that was
carried to term without complications. The new-
born did not present any alterations at birth.
Thus, OFA can be considered a well-tolerated
drug.

In this study, we first confirmed that frailty
due to non-MS related clinical burden correlates
with age and EDSS score in MS [20]. Addition-
ally, we found that frailty is associated with
patients who have started OFA due to previous
DMT failure. This novel finding supports the
hypothesis that individual frailty associated
with non-MS related clinical burden may play a
role in MS progression.

The lack of correlation observed between
frailty index and relapses during OFA treatment
may be attributed to the short-term FU, and the

high efficacy of OFA in reducing inflammation
compared to moderately effective DMT. Notably,
only four patients experienced relapses during
OFA treatment during the observation period
and three of them had discontinued drugs inter-
fering with lymphocyte trafficking. Moreover,
the low number of patients who experienced a
clinical relapse during OFA treatment limiting
the statistical power to detect associations with
FI.

An interesting finding emerging from our
study was that a higher numerical frailty score at
baseline was a strong independent predictor of
24-month confirmed disability progression, even
after adjusting for age, sex, disease duration,
treatment-naive status, and baseline EDSS. This
association highlights the clinical relevance of
incorporating frailty assessment into the man-
agement of patients with RMS. In our cohort
treated with OFA, patients classified as frail had a
markedly higher rate of CDP compared to those
classified as relatively fit and least fit. This gradi-
ent suggests that frailty may capture elements of
physiological vulnerability not fully addressed
by traditional disability scales such as the EDSS.

These findings are in line with emerging
evidence that frailty—originally developed in
geriatric medicine—has prognostic value in
chronic neurological diseases, including MS. The
increased risk of progression among frail indi-
viduals may reflect reduced functional reserve,
multimorbidity, or subclinical burden of disease,
potentially affecting both neurodegenerative
and repair mechanisms.

In addition, this association persisted despite
uniform treatment exposure, suggesting that
baseline frailty might independently influence
long-term clinical outcomes, even under high-
efficacy therapy. This supports the integration
of frailty assessment tools into routine clinical
evaluation, both for prognostic stratification
and for tailoring FU strategies and therapeutic
expectations.

Importantly, while a high baseline frailty
score predicted 24-month disability progres-
sion, this does not undermine the value of ini-
tiating or continuing DMTs in frail patients. On
the contrary, these individuals should be con-
sidered for tailored therapeutic strategies that
combine high-efficacy MS treatments with close
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monitoring and management of comorbidities.
Frailty assessment may thus serve as a useful tool
to personalize treatment approaches, rather than
to exclude patients from receiving DMTs. Frailty
likely reflects a broader systemic vulnerability
that may interact with neurodegenerative mech-
anisms underlying long-term disability accrual
in MS.

From a pathophysiological perspective,
emerging evidence indicates that the patho-
physiology of MS involves a complex interplay
between inflammation and neurodegeneration
from the earliest stages of the disease [24, 25].
In this context, frailty might exacerbate or con-
tribute biological processes that promote neu-
rodegeneration—such as chronic low-grade
inflammation, oxidative stress, mitochondrial
dysfunction, loss of proteostasis, and impaired
repair mechanisms—which are thought to
underlie disease progression in MS [26]. This fur-
ther emphasizes the prognostic utility of frailty
in MS and suggests that non-MS-related health
deficits can influence long-term outcomes,
even in patients receiving high-efficacy thera-
pies. Early identification of frail patients could
enable more tailored interventions, including
intensified monitoring and multidisciplinary
care approaches.

Our study has several limitations. Its retro-
spective design may have introduced selection
and information biases. Follow-up duration and
imaging protocols varied slightly across centers,
and long-term outcomes beyond 24 months
were not available. MRI scanner heterogene-
ity and protocol variability are relevant limita-
tions in real-world imaging studies. Whenever
feasible, FU imaging was performed using the
same scanner and protocol as the baseline exam,
but some variability across centers was present,
reflecting real-world clinical practice. Despite
these limitations, the study’s multicenter nature
and large sample size enhance the generalizabil-
ity of our findings.

CONCLUSION

Our findings of sustained reductions in relapse
rates, MRI lesion activity, and disability

progression risk with OFA treatment may con-
tribute to growing evidence supporting the
early initiation of high-efficacy therapies in
RMS. Importantly, our data also suggested a
rapid control of disease activity and progres-
sion from the first year of treatment and up to
24 months in real-world settings, contributing
to the growing evidence supporting the early-
initiation OFA. These results also highlight the
favorable benefit-risk profile of OFA treatment
for patients with RMS. Access to highly effica-
cious treatments like OFA can help reduce the
disease burden, slow RMS progression, and con-
tribute to long-term improvements in quality of
life. Importantly, our results highlight that base-
line frailty—reflecting cumulative health defi-
cits unrelated to MS—is a significant predictor
of disability progression. These findings under-
score the need to assess frailty at treatment ini-
tiation and actively treat comorbidities. Further
prospective, long-term studies are warranted to
validate the role of frailty in MS prognosis and
to optimize individualized treatment strategies.
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