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Abstract
Background and Objectives
The benefit of disease-modifying therapies (DMTs) in relapsing-remitting multiple sclerosis 
(RRMS) is believed to decrease with age. We aimed to compare disease outcomes with DMTs 
between patients with late-onset RRMS (LO-RRMS) and adult-onset RRMS (AO-RRMS).

Methods
This was a single-center, longitudinal, prospective analysis of patients who fulfilled the fol-
lowing criteria: (1) a diagnosis of RRMS and (2) initiation of a new DMT (dimethyl fumarate, 
fingolimod, glatiramer acetate, natalizumab, and ocrelizumab) within 3 months. Patients were 
followed up at years 1 and 2. We compared treatment outcomes (relapses, radiologic activity, 
disability progression, and no evidence of disease activity [NEDA]) between LO-RRMS 
(defined as age at onset of first symptom >45 years) and AO-RRMS (≥18 years and 45 years) 
using Poisson, logistic, and Cox regression models while adjusting for baseline variables. The 
analyses were repeated with an age cutoff of 50 years.

Results
We studied 1,494 patients with AO-RRMS (mean age at onset: 29.6 years, 71% female) and 150 
patients with LO-RRMS (50.2 years, 73% female) at treatment initiation. At DMT com-
mencement, patients with LO-RRMS had shorter disease duration, higher Expanded Disability 
Status Scale (EDSS), more comorbidities, and were more likely to be treatment naive than 
patients with AO-RRMS. However, when adjusted, there were no differences in the probability 
of relapses (Coeff = −0.07; 95% CI −0.19 to 0.04, p = 0.24), EDSS progression (odds ratio 
[OR] 1.43, 95% CI 0.69–2.93, p = 0.33), MRI activity (OR 0.77; 95% CI 0.21–2.83, p = 0.70), 
and losing NEDA status (hazard ratio [HR] 0.93; 95% CI 0.73–1.18, p = 0.58) at year 1. Similar 
results were observed at year 2 in relapses (Coeff = −0.04; 95% CI −0.19 to 0.11, p = 0.60), 
EDSS progression (OR 1.33; 95% CI 0.69–2.93, p = 0.33), MRI activity (OR 1.30; 95% CI 
0.38–4.38, p = 0.67), and loss of NEDA status (HR 0.99; 95% CI 0.77–1.26, p = 0.96). Similar 
results were observed using an age cutoff of 50 years. The percentages of patients who stopped 
DMTs because of side effects were similar between AO-RRMS and LO-RRMS.
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Discussion
Treatment outcomes over 2 years were similar between LO-RRMS and AO-RRMS. This indicates that care should be taken not 
to bias treatment decisions due to older age at onset of MS when patients demonstrate evidence of inflammatory activity. 
Limitations are the observational design, the single-center setting, and a relatively small LO-RRMS group.

Classification of Evidence
This study provides Class III evidence that patients with LO-RRMS have comparable outcomes with DMTs as patients with 
AO-RRMS over a 2-year period; this rating is because of baseline imbalances between treatment groups and a nonmasked 
outcome assessment.

Introduction
Multiple sclerosis (MS) is a chronic inflammatory de-
myelinating condition with major effect on physical and 
cognition domains, and employment. People with relapsing-
remitting MS (RRMS) typically present with their first 
demyelinating event during their 20s and 30s. 1 However, in-
creasing incidence of MS onset of age older than 40–45 years 
has been observed in different populations over the past 
20 years. 2 More recently, a change in the distribution of age at 
onset has been described, with 2 peaks at around 30 years and 
40–45 years of age. 3 Overall, the MS population is aging, and 
the highest prevalence of MS was observed in the 45- to 64-year 
age group. 4 Thus, studies on clinical care of RRMS patients 
with age at onset older than 45 years are highly relevant.

Chronologic age is a major factor in determining the clinical 
course of MS. 5,6 RRMS patients with an older age at onset were 
more likely to exhibit disability progression and less likely to 
relapse compared with younger age at onset, independent of 
disease duration. 7,8 The relapse rate has been observed to de-
crease with age, suggesting that disease-modifying therapies 
(DMTs) have the greatest efficacy in patients with onset 
younger than 40 years old. 9 Delaying any DMT, even for a few 
years, lowers cumulative efficacy, and importantly, in the fourth 
decade of life, the efficacies of all DMTs overlap and become 
more difficult to predict the therapeutic effect of DMTs. 10,11 

However, the mean age of enrolment in clinical trials is usually 
younger than 50 years, and previous meta-analyses may have 
been underpowered to study the effect of age on DMT efficacy 
in individuals with an older age at onset.

Older age is also related to higher comorbidity risk, which may 
complicate the safety profile of DMTs, with increasing risk of 
infection with age. 12-14 Overall, it has been suggested that 
older age is not only associated with lower DMT efficacy but

also with higher frequency of adverse events. 15 This is why 
people with late-onset MS may represent a vulnerable group, 
who are less frequently exposed to high-efficacy DMTs, and 
have a higher risk of disability progression than younger 
patients. 16 Aging is associated with lower inflammatory ac-
tivity, more widespread neurodegeneration, and reduced 
neuroplastic recovery mechanisms. 17

The aim of this study was to compare treatment outcomes 
(number of relapses, disability worsening, MRI activity, and 
no evidence of disease activity [NEDA] status) at 1 and
2 years after the first DMT initiation between late-onset 
patients (LO-RRMS, who had their first relapse symptom at 
age of 46 years or older) and adult-onset RRMS (AO-RRMS, 
with age at onset between 18 and 45 years, inclusive of both 
ages), and determine whether treatment responses differed 
significantly between the 2 groups while adjusting for ap-
propriate confounding variables.

Methods
Study Design and Participants
We combined the analysis of data from 2, real-world, single-
center (Queen Square MS Centre, UCL) cohorts; both 
cohorts fulfilled the following inclusion criteria: (1) a di-
agnosis of RRMS according to the 2017 McDonald criteria 18 

and (2) initiation of any new DMT within 3 months. These 2 
cohorts were (1) a cohort of all RRMS patients (both treat-
ment naive and nonnaive) who commenced dimethyl fuma-
rate, fingolimod, glatiramer acetate, and natalizumab, between 
2002 and 2021; clinical and radiologic data were obtained by 
reviewing hospital electronic health records, which were col-
lected prospectively as part of National Health Service (NHS) 
care. (2) A prospectively collected cohort of patients with 
consecutive RRMS who initiated ocrelizumab between 2019

Glossary
AORRMS = adult-onset RRMS; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; HR = hazard 
ratio; LORRMS = late-onset RRMS; MS = multiple sclerosis; NEDA = no evidence of disease activity; NHS = National Health 
Service; OR = odds ratio; PIRMA = progression independent of relapses and MRI activity; RRMS = relapsing-remitting MS.
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and 2021 were assessed at the initiation of ocrelizumab and 
then at least annually, as part of the POINT-MS (Predicting 
Optimal INdividualised Treatment response in MS) study.

Patients were defined as LO-RRMS if their first clinical de-
myelinating event occurred older than 45 years of age and 
AO-RRMS if their first MS relapse event onset was between 
18 and 45 years of age. The cutoff of 45 years was chosen 
because of the recently observed bimodal peak of the distri-
bution of age at onset of MS, with the second peak being at 
about 40–45 years in Norway and 45–54 in Italy. 3,19 There is 
currently no similar data available for the population in the 
United Kingdom.

For both cohorts, we collected data at study entry (within
3 months of DMT initiation), and at year 1 and year 2 after 
DMT initiation (±3 months). Expanded Disability Status 
Scale (EDSS) scores were collected for the first cohort from 
clinical notes at baseline, year 1, and year 2, either as docu-
mented or imputed from the described detailed neurologic 
examination and ambulation status. We included patients only 
once, which means that they did not contribute to the data set 
when they switched to a different DMT. Patients who dis-
continued their DMT before years 1 and 2 due to disease 
activity still contributed to NEDA assessment outcomes. 
Patients who stopped treatment because of other reasons, 
such as side effects, family planning, or relocation to a different 
MS service, were excluded from the analysis at year 1, if they 
stopped DMTs within the first 6 months, and at year 2, if they 
stopped DMTs within 18 months.

The following variables were collected at baseline 
(i.e., treatment initiation): age, sex (as recorded on the health 
records), ethnicity (self-identified), any comorbidity (due to 
the low number of observations, the variable used was the 
presence or absence of at least 1 comorbidity), age at MS 
relapse onset (used to calculate disease duration), number of 
relapses in the previous 12 months, EDSS, and brain MRI 
activity, defined as number of new and enlarging T2 and 
gadolinium-enhancing lesions (also referred to as “active 
lesions”) compared with the previous scans up to 24 months 
prior, as described in the neuroradiology reports. The de-
mographics and baseline clinical information had minimal 
missing data and required no specific adjustment.

The outcomes collected at years 1 and 2 were: (1) total 
number of relapses (confirmed by the clinicians who reviewed 
the patients in clinic) from baseline to year 1 and from year 1 
to year 2; (2) EDSS progression, defined as an increase of 
either ≥0.5 points for patients with a baseline EDSS 
score ≥5.5, ≥1.0 point for those with a baseline EDSS score 
from 1.0 to 5.0, and ≥1.5 points for those with a baseline 
EDSS score of 0; and (3) number of active MRI lesions seen 
on brain MRI from baseline to year 1 and from year 1 to year 
2. In some instances where multiple MRI brain scans were 
performed within a 12-month period, the total number of 
active lesions was added up. (4) NEDA defined as the absence

of relapses, EDSS progression, and active MRI lesions; this 
was calculated at year 1, year 2, and between years 1 and 2.

Statistical Analysis
Cross-sectional comparisons of clinical, demographic, and 
radiologic characteristics between AO-RRMS vs LO-RRMS 
populations at baseline were performed using the t test, χ 2 test 
or Fisher exact test, as appropriate.

We used the Mann-Whitney U test for dependent samples to 
investigate changes in new MRI lesions and relapses between 
baseline and year 1 and between baseline and year 2 within 
each patient group. Poisson regression was used to model the 
number of relapses at 1- and 2-year assessments between AO-
RRMS and LO-RRMS. Logistic regression was used to test 
the difference in the probability of EDSS progression and the 
probability of brain MRI activity between the 2 groups at 1-
and 2-year assessments; logistic regression was also used to 
test the differences in DMT discontinuation (any discontin-
uation, discontinuation due to side effects, discontinuation 
due to disease activity, and discontinuation due to other 
reasons) between groups. Cox regression was used to predict 
the risk of losing NEDA between AO-RRMS and LO-RRMS. 
All the models that investigated the differences between AO-
RRMS and LO-RRMS were first run unadjusted to explore 
rates of different outcomes, and then adjusted for age, sex, 
ethnicity, comorbidities, disease duration, relapses in the 
previous year, baseline EDSS, active MRI lesions at baseline, 
number of previous DMTs, and type of DMT commenced, as 
covariates. We rerun the analysis without age as covariate. We 
also repeated all the analysis using an age cutoff of 50 years. 
We also evaluated an interaction term between group (AO-
RRMS and LO-RRMS) and DMTs to test whether the out-
come of interest differed between LO-RRMS and AO-RRMS 
depending on the DMT allocation. Finally, in a sensitivity 
analysis, we estimated adjusted and unadjusted statistical 
models for treatment naive patients only. For all models, the 
AO-RRMS categorical subgroup was used as reference.

Results are presented as estimated coefficients, odds ratios 
(ORs), hazard ratios (HRs), 95% CIs, and p values, as ap-
propriate. Statistical analyses were performed using Stata 15.1.

Considering the observational design of this study with the 
inclusion of 1,494 patients with AO-RRMS and 150 patients 
with LO-RRMS, we calculated a power to detect 5.5% dif-
ference (in any outcome of interest) between groups, using 
regression models, with 5% alpha and 90% power.

Standard Protocol Approvals, Registrations, 
and Patient Consents
Written consent was obtained from participants in the second 
cohort according to the protocol which was approved by the 
local Ethics Committee (19/WA/0157). In the first cohort, 
participants’ consent was waived (23/WS/0008) (data avail-
able on the hospital electronic health records could be col-
lected to develop precision treatment strategies in MS).
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Data Availability
Tabulated, anonymized data may be shared after appropriate 
approval is sought.

Results
Participants
A total of 1,494 patients with AO-RRMS (mean age at clinical 
onset: 29.6 years [SD = 7.0]) and 150 patients with LO-
RRMS (mean age at clinical onset: 50.2 years [SD = 5.3]) 
were included at treatment initiation (Figure 1). Patients were 
included only once, that is, they did not contribute to the data 
set when they switched to a different, consecutive DMT. The 
proportion of patients with LO-RRMS was similar between 
the 2 cohorts (LO-RRMS represented 11% of the patients in 
the first cohort and 10% of those in the second cohort). 
Compared with AO-RRMS, patients with LO-RRMS had 
shorter disease duration, higher EDSS, were more often 
treatment naive and had at least 1 comorbidity at study entry 
(Table 1). The list of comorbidities which were encountered 
is given in eTable 1. Regarding type of DMTs, the same 
proportion of patients in each group were treated with ocre-
lizumab, but LO-RRMS was less often treated with natalizu-
mab and fingolimod than AO-RRMS (Table 1). There were 
no significant differences between sex, ethnicity, number of 
relapses in the previous 12 months, and number of active MRI 
brain lesions at baseline (Table 1).

Differences in Outcomes Between LO-RRMS 
and AO-RRMS at 1 and 2 Years
Clinical outcomes at year 1 and year 2 for each group are given 
in Table 2. The raw data showed that the AO-RRMS group 
had more relapses and MRI activity than LO-RRMS at each 
time point, but the reductions in number of new lesions and 
relapses from baseline to year 1 and from baseline to year 2 
were significant within each group (all p < 0.01). There were 
no significant differences in the probability of relapses, EDSS 
progression, new MRI activity, and NEDA at year 1, year 2,

and between year 1 and year 2, between AO-RRMS and LO-
RRMS (mostly driven by EDSS progression in both groups; 
Table 2), when regression models were adjusted for age, sex, 
disease duration, ethnicity, comorbidities, relapses in the 
previous year, baseline EDSS, number of active MRI lesions at 
baseline, number of previous DMTs, and type of DMT used 
(Table 3 and Figure 2). All the statistical models were re-
peated using an age cutoff of 50 years, and the differences in 
treatment outcomes between AO-RRMS (N = 1,512) and 
LO-RRMS (N = 113) remained nonsignificant (eTable 2). 
We repeated the analyses without age as a covariate, and the 
results did not change (eTables 3 and 4).

The proportion of patients who discontinued therapy for 
reasons other than disease activity was similarly low in both 
groups (3% [N = 47] in the AO-RRMS group and 6% [N = 9] 
in the LO-RRMS group). Among these, the majority dis-
continued due to side effects (77% in the AO-RRMS group 
and 67% in the LO-RRMS group); these patients were 
therefore not eligible for NEDA assessment at years 1 and 2, 
after adjusting for all confounding variables (eTable 5).

Finally, when we repeated the main analysis that compared 
the outcomes at year 1 and year 2 between AO-RRMS and 
LO-RRMS with only treatment-naive patients, the findings 
remained materially unaltered (Table 4).

When including the interaction term between RRMS groups 
(AO-RRMS and LO-RRMS) and DMTs to the previous 
statistical models, we observed no significant associations, 
suggesting that all outcomes were equally reached by AO-
RRMS and LO-RRMS independently from DMTs, indicating 
a similar treatment response (eTable 6).

Classification of Evidence
This study provides Class III evidence that patients with LO-
RRMS have comparable outcomes with DMTs as patients 
with AO-RRMS over a 2-year period; this rating is because of

Figure 1 Flowchart of Patients With RRMS Included in Our Analysis

AORRMS = adult-onset RRMS; DMT = disease-modifying 
therapy; LORRMS = late-onset RRMS; RRMS = relapsing-
remitting multiple sclerosis.
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baseline imbalances between treatment groups and a non-
masked outcome assessment.

Discussion
Although patients with LO-RRMS initiated DMTs with higher 
disability and more comorbidities when compared with AO-
RRMS, they showed similar clinical and MRI outcomes over

2 years after DMT initiation. Comparable results were ob-
served when only treatment naive patients were considered. In 
addition, there were no differences between LO-RRMS and 
AO-RRMS in their response to specific DMTs and the pro-
portion of patients who stopped because of side effects.

It has been suggested that the benefits of DMTs decrease with 
age. 8-10 Some randomized controlled trials, which excluded 
patients older than 55 years, reported a reduced treatment

Table 1 Demographic and Clinical Characteristics at Baseline (or Treatment Initiation) for Both AO-RRMS (18–45 Years) 
and LO-RRMS (>45 Years)

AO-RRMS (18–45 y) 
(n = 1,494)

LO-RRMS (>45 y) 
(n = 150) p Value

Baseline, at DMT initiation

Age at onset of their first symptom, y, mean ± SD 29.6 ± 7.0 50.2 ± 5.3

18–25 445

26–35 730

36–45 319

46–55 129

56–65 18

≥66 3

Age at study entry (i.e., initiation of DMT), y, mean ± SD 38.0 ± 8.9 54.9 ± 6.9

Sex, female 1,060 (71) 110 (73) 0.316

Disease duration, y, mean ± SD 8.4 ± 7.0 4.9 ± 4.5 <0.01 a

Number of relapses in the previous year, mean ± SD 1.1 ± 0.9 1.0 ± 0.8 0.119

EDSS, median (range) 2.0 (0–8.0) 2.5 (0–7.0) 0.030 a

Number (and proportion) of patients with at least 1 comorbidity 833 (56) 101 (67) 0.010 a

Number of new T2 and enlarging lesions (compared with the previous 
scan within the previous 24 mo) and Gd+ lesions on brain MRI

1.2 ± 1.9 0.8 ± 1.5 0.104

Ethnicity (self-identified) 0.312

White 1,105 (74) 118 (79.0)

Asian 146 (10) 11 (7)

Black 78 (5) 8 (5)

Mixed, other or unknown 165 (11) 13 (9)

Number (and proportion) of patients who were treatment naive 684 (46) 99 (66) <0.01 a

Type of DMT 0.020 a

Dimethyl fumarate 510 (34) 69 (46)

Fingolimod 267 (18) 15 (10)

Glatiramer acetate 380 (25) 39 (26)

Natalizumab 151 (10) 7 (5)

Ocrelizumab 186 (13) 20 (13)

Abbreviations: AORRMS = adult-onset RRMS; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; Gd+ = gadolinium enhancing; 
LORRMS = late-onset RRMS; NEDA = no evidence of disease activity; RRMS = relapsing-remitting multiple sclerosis. 
p Values are shown from t test, χ 2 test, or Fisher exact test, as appropriate, comparing AO-RRMS and LO-RRMS. 
a Statistically significant.
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effect in patients older than 40 years. 19 However, we found 
that the apparent differences in treatment outcomes (number 
of relapses, disability progression, MRI activity, and NEDA 
status) between AO-RRMS and LO-RRMS became non-
significant when adjusting for age, sex, disease duration, eth-
nicity, comorbidities, relapses in the previous year, baseline 
EDSS, baseline clinical MRI activity, number of previous 
DMTs, and type of DMT used, suggesting that the differences 
in the raw data between groups may have been influenced by 
other factors, although adjusting for additional variables may 
have reduced the statistical power of the test. The observed 
results did not substantially change when age was not in-
cluded as a covariate. The raw data showed that the AO-
RRMS group had more relapses and MRI activity than 
LO-RRMS at each time point, but the reductions in number 
of new lesions and relapses from baseline to follow-ups were 
significant within each patient group, indicating that the lack 
of difference between groups was not due to the lack of events.

Overall, our findings are in line with another trial, where the 
upper age limit for enrolment was 65 years, which demon-
strated similar efficacy between patients older than 40 years 
and younger patients. 20 Therefore, our findings clearly dem-
onstrate that DMTs, including high-efficacy therapies, are as 
beneficial in LO-RRMS as in AO-RRMS over 2 years, thereby 
suggesting that age at onset alone should not prevent patients 
with older age at onset to initiate a DMT.

Although previous studies have suggested that age is an im-
portant risk factor for disability accrual in RRMS, 11,21 we did 
not find any difference in the probability of EDSS worsening 
between the AO-RRMS and LO-RRMS groups over 2 years 
after DMT initiation. When we performed a sensitivity anal-
ysis with an age cutoff of 50 years, instead of 45, no differences 
in treatment outcomes between AO-RRMS and LO-RRMS 
were seen, but the group over 50 years was smaller in size (n = 
113), potentially reducing power. It is important that the

Table 2 Clinical Outcomes at 1 and 2 Years for Both AO-RRMS (18–45 Years) and LO-RRMS (>45 Years)

AO-RRMS (18–45 y) 
(n = 1,494)

LO-RRMS (>45 y) 
(n = 150)

Year 1

Number (and proportion) of patients eligible for NEDA assessment at 1 y a 1,447 (97) 141 (94)

Mean number of relapses between baseline and year 1 0.2 ± 0.5 0.1 ± 0.4

Number (and proportion) of patients with relapses 191 (13) 14 (10)

EDSS, median (range) 2.0 (0–8.5) 2.5 (0–7.0)

Number (and proportion) of patients with EDSS progression 61 (4) 9 (6)

Mean number of new and enlarging T2 lesions and Gd+ lesions on brain MRI at year 1 when compared 
with baseline

0.3 ± 1.0 0.1 ± 0.4

Number (and proportion) of patients with new and enlarging T2 lesions and Gd+ lesions on brain MRI at 
year 1 when compared with baseline

107 (7) 4 (3)

Number (and proportion) of patients who showed NEDA at year 1 vs baseline 1,182 (82) 118 (84)

Year 2

Number (and proportion) of patients eligible for NEDA assessment at 2 y a 1,218 (82) 118 (79)

Mean number of relapses between year 1 and year 2 0.2 ± 0.5 0.1 ± 0.6

Number (and proportion) of patients with relapses 165 (14) 13 (11)

EDSS, median (range) 2.5 (0–8.5) 2.5 (0–7.5)

Number (and proportion) of patients with EDSS progression 80 (7) 16 (14)

Mean number of new and enlarging T2 lesions and Gd+ lesions on brain MRI at year 2 when compared 
with year 1

0.2 ± 0.8 0.1 ± 0.4

Number (and proportion) of patients with new and enlarging T2 lesions and Gd+ lesions on brain MRI at 
year 2 when compared with year 1

90 (7) 6 (5)

Number (and proportion) of patients who showed NEDA at year 2 vs baseline 811 (67) 80 (68)

Number (and proportion) of patients who showed NEDA between years 1 and 2 909 (75) 88 (75)

Abbreviations: AORRMS = adult-onset RRMS; EDSS = Expanded Disability Status Scale; LORRMS = late-onset RRMS; NEDA = no evidence of disease activity; 
RRMS = relapsing-remitting multiple sclerosis.
a If patients switched to a different DMT during the study period because of disease activity or disease progression they contributed with their first DMT and 
were not excluded. Note that patients may have experienced more than 1 NEDA component over time, and therefore, the number of patients achieving NEDA 
may be different from that obtained when adding the individual NEDA components.
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number of patients 66 years or older of age was very low (n = 
3), suggesting that caution should be taken when generalizing 
these results to the very old. A meta-analysis of 38 randomized 
clinical trials found that, after the age of 53 years, there is no 
benefit from DMTs in disability progression 11 ; however, this 
meta-analysis was based on clinical trials (before 2017) that 
excluded patients of age older than 50 years, hence was po-
tentially underpowered for this older age group. A recent 
multicenter, observational, retrospective Italian cohort study 
found that relapses predicted 12-month confirmed disability 
worsening in LO-RRMS, and DMTs reduced the risk of 
reaching a sustained EDSS score of 4.0 in patients with LO-
RRMS. 22 In the future, it may be interesting to address the 
differences in progression independent of relapses and MRI 
activity (PIRMA) associated with treatment response, but the 
assessment of PIRMA as outcome of treatment is challenging 
and requires special methodologic considerations. 23

A large discussion on DMT in older patients also focuses on 
risks. Patients with LO-RRMS showed more comorbidities at 
treatment initiation than AO-RRMS, suggesting that the 
treating neurologists were prescribing DMTs for older 
patients who may have appeared to be “less healthy” than AO-
RRMS. It is important that the risk of selection bias of this 
real-world population may have been limited by the fact that 
patients are treated as per national guidelines, and DMTs 
were discussed at disease-modifying therapy multidisciplinary 
team meetings. A strength of this study is assessing adverse

effect comparisons between the 2 groups. We found no sig-
nificant difference in the proportion of patients who stopped 
DMTs due to side effects. However, we did not have the data 
to look at the differences in the nature or severity of adverse 
events between older and younger patients. Long-term data 
on the DMT tolerability and safety are needed, and a recent 
study has reported that these can be obtained from adminis-
trative health data. 24 A recent real-world observational study 
found that in patients 50 years and older with nonactive MS, 
the risk of relapse was significantly higher over 2 years after 
discontinuation of high-efficacy therapy (including natalizu-
mab and fingolimod) compared with the continuation 
group, 25 suggesting that relaying DMTs for active, although 
older, patients should be considered.

At the time of treatment initiation, patients with LO-RRMS 
had higher disability (EDSS 2.5 vs 2.0), compared with 
patients with AO-RRMS, although this was overall mild dis-
ability, thereby indicating that there was scope to intervene to 
try to prevent disability accumulation. Considering the 
shorter disease duration between onset and initiation of DMT 
in the LO-RRMS group than AO-RRMS, it is unlikely that the 
higher disability was due to a delay in diagnosis or in the time 
to DMT initiation. 26,27 Therefore, it is more likely that this 
was due to a more rapid disability accrual in late-onset than 
adult-onset patients. In our center, considering any DMT, 
either as first therapy or after switching, the proportions of 
patients who started ocrelizumab, dimethyl fumarate, and

Table 3 Results of Regression Analyses That Compared the Risk of Relapses, EDSS Progression, New/Gd+ Lesions MRI, 
and NEDA at Year 1 and Year 2 Between AO-RRMS (Which Is the Reference Group) and LO-RRMS

Adjusted

95% CI

p ValueUpper Lower

Year 1

Number of relapses Coeff −0.07 −0.19 0.04 0.236

EDSS progression OR 1.43 0.69 2.93 0.328

New and enlarging T2 lesions and Gd+ lesions on brain MRI OR 0.77 0.21 2.83 0.699

NEDA at year 1 HR 0.93 0.73 1.18 0.575

Year 2

Number of relapses Coeff −0.04 −0.19 0.11 0.601

EDSS progression OR 1.33 0.77 2.27 0.296

New and enlarging T2 lesions and Gd+ MRI lesions on brain MRI OR 1.30 0.38 4.38 0.672

NEDA at year 2 HR 0.99 0.77 1.26 0.959

NEDA between years 1 and 2 HR 1.07 0.80 1.42 0.642

Abbreviations: AORRMS = adult-onset RRMS; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; Gd+ = gadolinium enhancing; 
LORRMS = late-onset RRMS; NEDA = no evidence of disease activity; RRMS = relapsing-remitting multiple sclerosis. 
Results of Poisson regression (number of relapses), logistic regression (probability of EDSS progression, probability of new T2 and Gd+ MRI lesions), and Cox 
regression models (probability of losing NEDA), comparing AO-RRMS and LO-RRMS. First, we ran unadjusted models, and then, we included age, sex, ethnicity, 
comorbidities, disease duration, relapses in the previous year, baseline EDSS, new T2 and/or Gd+ lesions at baseline, number of previous DMTs, and DMT 
allocation, as covariates (adjusted models). The AO-RRMS subgroup was used as reference in the statistical models, so results directly refer to LO-RRMS. Note 
that when the same analyses were repeated without age as covariate, the results were substantially similar (see eTable 3).
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glatiramer acetate were similar between AO-RRMS and LO-
RRMS. However, the proportions of patients on natalizumab 
were higher in the AO-RRMS group than in the LO-RRMS, 
which could have been a potential bias toward lower disease 
activity in the patients with AO-RRMS, which was not ob-
served; additionally, the type of DMT used and the number of 
previous DMTs used were both adjusted for in our analysis.

Also in other centers, patients with LO-RRMS have been 
reported to be less likely to receive high-efficacy DMTs than 
AO-RRMS. 16,28 Future studies may focus on investigating 
treatment outcomes when patients are stratified into groups 
on the basis of their disability.

Since our study is observational and nonrandomized, we ac-
knowledge several limitations. Different DMTs were offered 
at different periods over the past 2 decades, depending on 
treatment availability, which could represent a potential 
confounder over time; ocrelizumab became available in the 
United Kingdom in 2019, and the evidence that early initia-
tion of high-efficacy therapy is associated with lower disability 
after 6–10 years compared with delayed commencement in 
the disease course was published in 2020. 29 Therefore, to 
account for the use of anti-CD20 in most recent years, we 
have merged the 2 cohorts to consider the most recent in-
troduction of ocrelizumab. The first cohort was based on the 
use of hospital records which are recorded prospectively, 
while the second cohort was based on patients’ active enrol-
ment; however, the proportion of patients with LO-RRMS 
was similar in both cohorts, and patients were consecutive.

Our results have shown no significant difference between the 
outcomes of the 2 groups despite most variables indicating 
numerically higher inflammatory activity in the AO-RRMS 
group at each time point. Although the AO-RRMS sample 
size was large, the sample size of the LO-RRMS was not. 
However, we have collected one of the largest LO-RRMS 
groups reported with clinical and radiologic data and repeated 
the analysis with an age cutoff of 50 years. Although our first 
set of results included age as a covariate, we subsequently 
reran the analyses after dropping age and the results remained 
substantially similar.

A possible limitation is that the proportions of patients with 
EDSS progression over the 2-year follow-up were 7% in AO-
RRMS and 14% in the LO-RRMS, which are higher than 
those observed in recent randomized clinical trials 30 ; how-
ever, EDSS worsening was not confirmed at 3 or 6 months, 
and this applied equally to the patients in both cohorts.

The length of follow-up of patients on treatment is of 2 years, 
which is short, although the same as most randomized clinical 
trials; longer follow-up studies on treatment outcomes, in-
cluding safety, are needed. In addition, we did not calculate 
the percentage of patients with LO-RRMS and AO-RRMS 
who started DMTs out of all patients seen at our MS center, 
but the proportion of LO-RRMS is expected to be lower than 
that of AO-RRMS (RRMS patients with older age at symptom 
onset was found to be about 10% in the UK MS Register and 
12% in the Swedish Register). 8,16

Finally, we only included MRI brain lesions, and future work 
will aim to include spinal cord MRI scans for complete eval-
uation. On the other hand, the strengths of our work include 
the representation of daily clinical MS practice and the

Figure 2 Time to NEDA Loss for AO-RRMS and LO-RRMS

Kaplan-Meier estimates of the rate of losing NEDA at year 1 (A), year 2 (B), 
and between years 1 and 2 (C) for AO-RRMS (in yellow) and LO-RRMS (in red). 
AORRMS = adult-onset RRMS; LORRMS = late-onset RRMS; NEDA = no evi-
dence of disease activity; RRMS = relapsing-remitting multiple sclerosis.
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homogeneity in treatment decisions, because of NHS Eng-
land treatment algorithm and multidisciplinary meetings that 
respectively guide and approve the choice of DMT; in addition, 
a large number of patients are followed at our center, thus re-
ducing variability of data collection and access to DMT.

In conclusion, patients with LO-RRMS initiated DMTs with 
higher disability and comorbidities, but treatment outcomes 
were comparable with AO-RRMS. Our study suggests that 
age alone should not prevent patients being considered for 
DMTs because, if eligible with evidence of inflammatory 
disease activity, there is a similar probability of responding 
over 2-year follow-up.
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References
1. Thompson AJ, Baranzini SE, Geurts J, Hemmer B, Ciccarelli O. Multiple sclerosis. 

Lancet. 2018;391(10130):1622-1636. doi:10.1016/S0140-6736(18)30481-1
2. Prosperini L, Lucchini M, Ruggieri S, et al. Shift of multiple sclerosis onset towards 

older age. J Neurol Neurosurg Psychiatry. 2022;93(10):1137-1139. doi:10.1136/jnnp-
2022-329049

3. Habbestad A, Willumsen JS, Aarseth JH, et al. Increasing age of multiple sclerosis 
onset from 1920 to 2022: a population-based study. J Neurol. 2024;271(4): 
1610-1617. doi:10.1007/s00415-023-12047-9

4. Wallin MT, Culpepper WJ, Campbell JD, et al; US Multiple Sclerosis Prevalence 
Workgroup. The prevalence of MS in the United States: a population-based estimate 
using health claims data. Neurology. 2019;92(10):e1029-e1040. doi:10.1212/ 
WNL.0000000000007035. Erratum in: Neurology. 2019;93(15):688. doi:10.1212/ 
WNL.0000000000007915.

5. Graves JS, Krysko KM, Hua LH, Absinta M, Franklin RJM, Segal BM. Ageing and 
multiple sclerosis. Lancet Neurol. 2023;22(1):66-77. doi:10.1016/S1474-4422(22) 
00184-3

6. Kalincik T, Vivek V, Jokubaitis V, et al; MSBase Study Group. Sex as a determinant of 
relapse incidence and progressive course of multiple sclerosis. Brain. 2013;136(pt 12): 
3609-3617. doi:10.1093/brain/awt281

7. University of California San Francisco MS-EPIC Team; Cree BAC, Hollenbach JA, 
Bove R, et al. Silent progression in disease activity-free relapsing multiple sclerosis. 
Ann Neurol. 2019;85(5):653-666. doi:10.1002/ana.25463

8. Knowles S, Middleton R, Cooze B, et al; UK MS Register Research Group. Com-
paring the pathology, clinical, and demographic characteristics of younger and older-
onset multiple sclerosis. Ann Neurol. 2024;95(3):471-486. doi:10.1002/ana.26843

9. Tremlett H, Zhao Y, Joseph J, Devonshire V; UBCMS Clinic Neurologists. Relapses 
in multiple sclerosis are age- and time-dependent. J Neurol Neurosurg Psychiatry. 2008; 
79(12):1368-1374. doi:10.1136/jnnp.2008.145805

10. Signori A, Schiavetti I, Gallo F, Sormani MP. Subgroups of multiple sclerosis patients 
with larger treatment benefits: a meta-analysis of randomized trials. Eur J Neurol. 
2015;22(6):960-966. doi:10.1111/ene.12690

11. Weideman AM, Tapia-Maltos MA, Johnson K, Greenwood M, Bielekova B. Meta-
analysis of the age-dependent efficacy of multiple sclerosis treatments. Front Neurol. 
2017;8:577. doi:10.3389/fneur.2017.00577

12. Luna G, Alping P, Burman J, et al. Infection risks among patients with multiple 
sclerosis treated with fingolimod, natalizumab, rituximab, and injectable therapies 
JAMA Neurol. 2020;77(2):184-191. doi:10.1001/jamaneurol.2019.3365
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