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Abstract
Background and Objectives
Relapse and MRI activity usually decline with aging but are replaced by progression in-
dependent of relapse activity (PIRA) in patients with multiple sclerosis (PwMS). However,
several older PwMS continue to experience clinical relapses, and the impact on their disease
remains undetermined. We aimed to determine the impact of an index relapse on disease
outcomes in patients older than 50 years and to identify risk factors of disadvantageous
outcomes.

Methods
We performed a secondary analysis from 3 prospective cohorts in Germany. We evaluated all
PwMS 50 years and older with a relapse ≤60 days before a baseline visit and at least 18 months
of follow-up compared with a control cohort of PwMSwithout a relapse. Patients were stratified
according to age (“50–54” vs “55–59” vs “60+”) or disease outcomes (“stable” vs “active” vs
“progressive,” according to the Lublin criteria). We analyzed relapses, MRI activity, relapse-
associated worsening, and PIRA. Regression analysis was performed to evaluate the association
of specific baseline risk factors and treatment regimen changes with disease outcomes at month
18.

Results
A total of 681 patients were included in the “relapse cohort” (50+: 361; 55+: 220; 60+: 100).
The “control cohort” comprised 232 patients (50+: 117; 55+: 71; 60+: 44). Baseline epide-
miologic parameters were balanced among cohorts and subgroups. We observed increased
abundance of inflammatory activity and relapse-independent disability progression in the
“relapse” vs “control” cohort. In the “relapse” cohort, we identified 273 patients as “stable”
(59.7%), 114 patients as “active” (24.9%), and 70 patients as “progressive” (15.3%) during
follow-up. Cardiovascular risk factors (CVRFs) and older age at baseline were identified as risk
factors of progressive, whereas disease-modifying treatment (DMT) administration at baseline
favored stable disease. DMT during follow-up was associated with stable over active, but not
over progressive disease.

Discussion
A relapse—suggesting underlying active disease—in PwMS older than 50 years was associated
with continued disease activity and increased risk of PIRA. Presence of CVRF and absence of
DMT at baseline appeared as risk factors of disadvantageous disease courses. An escalation of
DMT switch was associated with stable over active but not progressive disease.
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Introduction
The treatment goals in multiple sclerosis (MS) have changed
dramatically throughout the past decade, and “no evidence of
disease activity” appears achievable for most people with MS
(PwMS).1

Although older data suggested a risk of becoming wheelchair
dependent to be as high as 50% in 10 years,2 newer data
suggest a drop below 30%.3,4 In line, the excess mortality of
PwMS compared with the general population of previously
roughly 7 years is expected to further decline.5,6

However, several aspects regarding the disease course under
treatment and the impact of relapses on disability worsening
remain unclear. In younger patients (with early disease), a re-
lapse has a relevant impact on long-term disability.7 Although
relapsesmay be a strong indicator of ongoing underlying disease
activity in older PwMS, its impact on disease outcomes has not
been evaluated systematically in this age group. Specifically, the
association of relapses and subsequent progression independent
of relapse activity (PIRA) remains unclear in older PwMS.

Furthermore, evidence on the effectiveness of disease-
modifying treatment (DMT) is less profound in older
PwMS. These patients are expected to profit less from DMT
as inflammatory activity is thought to decrease with aging.8

However, older patients are more prone to experience adverse
events from treatment because they are more likely to have
comorbidities and to receive multiple drugs to treat those.9

Thus, treatment discontinuation is repeatedly discussed in
older patients, yet studies to date failed to demonstrate safe
and effective protocols for such decision.10,11

We thus performed a post hoc analysis of our large multicenter
prospective cohort of PwMS to evaluate 3 key questions re-
garding PwMS older than 50 years: (1) Are relapses associated
with active or progressive disease in PwMS older than 50 years?
(2) What risk factors are present at relapse onset and are asso-
ciatedwith active or progressive disease courses? (3)Are switches
of theDMT in response to an index relapse associatedwith active
or progressive disease courses in patients older than 50 years?

Methods
Patients
The study was conducted at 3 tertiary centers in Germany
(Heinrich-Heine-University of Duesseldorf, University of

Duisburg-Essen, Justus-Liebig-University Giessen). Local
prospective clinical databases containing longitudinal data on
all PwMS were screened for the period from January 1, 2016,
to December 31, 2021. All patients fulfilled the 2017 revised
McDonald criteria for relapsing MS.12 None of the patients
fulfilled Lorscheider criteria for secondary progressive MS,13

and none of the patients was found to have primary pro-
gressive MS.

In a first step, we identified all patients older than 50 years.
Among these, we separated the “whole cohort” into patients
with a documented clinical relapse (“relapse cohort”) and
patients without a relapse (“control cohort”). In the “relapse
cohort,” we selected all patients with a documented visit no
later than 2 months after the documented “index” relapse
(time from symptom onset of a later confirmed relapse to
visit) and defined this as “baseline” visit. Patients with at least
18 months of follow-up were included in further analyses. A
timespan of ±15 days to a calculated visit was allowed. Among
the “control cohort,” we used the last available epoch of 18
months to mitigate selection bias.

Prospectively collected baseline data comprised sex, age,
disease duration since MS onset, number of previous DMTs,
Expanded Disability Status Scale (EDSS) scores, smoker
status, body mass index, and MRI data (presence of a baseline
MRI not older than 2 months before a baseline visit; presence
of new or enlarging T2-hyperintense MRI lesions [T2Ls]). In
addition, data on further neurologic or autoimmune condi-
tions were evaluated as present.

Prospectively collected follow-up data comprised EDSS
scores, information on new relapses, and qualified MRI data
(availability of a follow-up MRI scan obtained ±1 month
before or after a follow-up visit; presence of new or enlarging
T2L). All MRI scans included a 3D-fluid-attenuated inversion
recovery sequence, which was used for lesion detection and
quantification, and all MRI data from the cohort were either
obtained at the centers themselves or were re-evaluated dur-
ing clinical routine by a local neuroradiologist. Only MS-
specific lesions were included in the analysis according to
most recent recommendations14; nonspecific subcortical le-
sions were excluded.

Within all selected patients, we performed in-depth medical
chart reviews for acquisition of data not stored in the longi-
tudinal cohort databases including presence of diabetes mel-
litus and cardiovascular disease.

Glossary
CDW = confirmed disability worsening; CVRF = cardiovascular risk factor; DMT = disease-modifying treatment; EDSS =
Expanded Disability Status Scale; IQR = interquartile range; LOMS = late-onset MS; MEDA = minimal evidence of disease
activity; MS = multiple sclerosis; OR = odds ratio; PIRA = progression independent of relapse activity; PwMS = people with
MS; RAW = relapse-associated worsening; T2L = T2-hyperintense MRI lesion.
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Furthermore, chart review was used to validate comorbidities.
Such comorbidities comprised musculoskeletal disorders se-
verely impairing mobility or muscle strength, other severe
neurologic disorders than MS, severe psychiatric disorders,
further autoimmune disorders, and active neoplastic disorders.

Patients with other autoimmune disorders and those with neo-
plastic disorders were excluded because these disorders interfere
with DMT and often lead to an independent cognitive and
physical deterioration, which may introduce severe bias into the
evaluation of MS disease progression. Patients with severe psy-
chiatric conditions were excluded because these disorders are
known as independent contributors to disability worsening15

that could not be quantified here in detail. Patients with severe
musculoskeletal or neurologic disorders were excluded given the
impact of these diseases on the reliability of the EDSS score.

For this study, injectable treatments (glatiramer acetate, beta-
interferons), teriflunomide, and dimethyl fumarate were
termed “platform treatments,” and fingolimod, cladribine,
alemtuzumab, ocrelizumab, and natalizumab were termed
“highly active treatments.” The resulting data set underwent
anonymized statistical analysis.

Stratification and Outcome Measures
The presence of 6 months confirmed disability worsening
(CDW) was assessed by EDSS. Similar to clinical trials in
MS,16 an increase of 1.0 was deemed relevant in patients with
a baseline EDSS of 1.0–5.5, whereas an increase of 0.5 was
considered relevant in patients with a baseline EDSS of ≥6.0.
This definition was identical for relapse-associated worsening
(RAW) and PIRA. RAW itself was defined as worsening of
disability after a relapse within the past ≤90 days, whereas
PIRA was defined as worsening in the absence of a relapse.
CDW required confirmation in a relapse-free interval.

Treatment outcomes among the “relapse” and “control” co-
horts were evaluated using survival analysis. Next, patients
were stratified according to age (“50–54” vs “55–59” vs
“60+”) to evaluate disease outcomes after a relapse among
different age strata and performed survival analysis as de-
scribed below. We refrained from the use of age as a contin-
uous variable because it was neither normally distributed nor
appeared as a linear covariate in our regression models.

Afterward, we stratified the patients according to their disease
outcome at month 18 from the baseline visit. According to the
proposed classification of PwMS published by Lublin et al.,17

we categorized patients’ disease courses into “stable,” “active,”
or “progressive.”

c “Stable” comprised patients without relapses and
disability worsening and with not more than 1 new or
enlarging T2L within follow-up scans given their low
risk of future disability accrual (“minimal evidence of
disease activity” [MEDA]).18

c “Active” comprised all patients with ongoing signs of
inflammation including clinical relapses and/or more
than 1 new or enlarging T2L during follow-up scans.
RAW was accepted in those patients.

c “Progressive” consisted of all patients exhibiting PIRA
during follow-up irrespective of relapses or new or
enlarging T2L. An increase of disability later than 90
days after a relapse was accepted as PIRA (patients
fulfilling criteria for active and progressive during
follow-up were categorized as progressive).

For determination of risk factors present already at baseline
favoring one of the abovementioned outcomes, we included
age group; sex; DMT type at baseline; and the cardiovascular
risk factors (CVRFs) smoking, obesity, arterial hypertension,
diabetes mellitus, and manifest cardiovascular disease; disease
duration; and new MRI lesions at baseline as covariates. For
further analysis, we included a 3-step risk score (“0–1 risk
factors” vs “2–3 risk factors” vs “4–5 risk factors”) and again
evaluated risk factors at baseline upon their contribution to a
distinct disease outcome.

Ultimately, we investigated the association of treatment in-
tervention after the index relapse and disease outcomes. We
evaluated all patients with a DMT switch within 6 months from
baseline and those patientswithoutDMTswitch. Patientswhohad
a drug switch after month 6 were excluded from this analysis given
the assumed therapeutic lag of a new DMT on disability pro-
gression. The treatment switches were defined according to the
abovementioned classification of DMT (“none → none”; “none
→ platform”; “none → highly active”; “platform → platform”;
“platform→ highly active”; “highly active→ highly active”).

Statistical Analysis
Baseline epidemiologic characteristics were evaluated using
descriptive statistics. Comparisons among patient subgroups
were made using the χ2 test or Fisher exact test for categorical
variables (depending on the estimated cell probability) or the
Mann-Whitney rank sum test or the Kruskal-Wallis test for
continuous variables.

Univariate survival analyses after stratification according to
age groups were conducted using the Kaplan-Meier method
and a log-rank test.

Risk factors at baseline and the impact of DMT changes in the
cohort stratified according to disease outcome were per-
formed using multinomial logistic regression models in-
cluding all defined covariates in a single step. Significance
levels were derived from a likelihood-ratio test, a p value <0.05
was considered significant. Statistical analysis was performed
using SPSS 29 (IBM Corp., Armonk, NY).

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was approved by the local ethical boards, and patients
gave informed consent upon cohort enrollment (institutional
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review board of the Heinrich-Heine-University Dusseldorf,
Germany [5951R]; institutional review board of the University
Duisburg-Essen [20-9510-BO]; institutional review board of the
Justus-Liebig-University Giessen [53/23]).

Data Availability
All authors were given unrestricted access to data published
herein during manuscript preparation. Anonymized data
will be shared with qualified investigators upon reasonable
request.

Results
Patients
We identified 1,199 patients older than 50 years. In total, 811
patients had at least 1 clinical relapse, whereas 388 patients
had no relapse. In total, 1,007 relapses were observed in the

cohort and this crudely translates to an annualized relapse rate
of 0.14 from 2016 to 2021. The median follow-up of the
cohort was 23 months (interquartile range [IQR] 19–31).

Of the identified 811 patients in the “relapse cohort,” 73 were
excluded because of lack of follow-up and 57 were excluded
because of comorbidities (Figure 1A). Finally, 681 patients
were analyzed in the “relapse cohort” (visit availability 2,710/
2,724, 99.5%). The median age at first relapse was 54 years
(IQR 52–57).

Among the 388 patients from the “control cohort,” 133 were
excluded because of insufficient follow-up and 23 were ex-
cluded because of comorbidities. Thus, 232 patients (visit
availability 661/696, 95%) were analyzed in the “control co-
hort” (eFigure 1). The epidemiologic characteristics at base-
line are given in Table 1.

Figure 1 Comparison of Outcome Parameters Between the “Relapse” and “Control” Cohorts

(A) Kaplan-Meier plot indicating the proportion of relapse-free patients over time among “relapse” (red line) and “control” (blue line) patients. (B) Proportion of
patients without new or enlarging T2-hyperintense MRI lesions over time. (C) Proportion of patients without relapse-associated worsening (RAW) over time.
(D) Proportion of patients without progression independent of relapse activity (PIRA) over time. Numbers at risk are indicated below the x-axis. Significance
levels were calculated using a log-rank test where appropriate.
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Among the “relapse cohort,” more patients were treatment
näıve (17.9% vs 9.5%; p < 0.001) and fewer patients received
highly active treatment (19.7% vs 31.5%; p < 0.001). None of
the treatment-näıve patients received DMT within the past 2
years, yet 14 of 22 “control” patients (64%) and 71 of 122
“relapse” patients (58%) had a history of earlier platform
DMT administration (p = 0.8143).

CVRFs were more frequent in the “relapse cohort,” however,
not reaching statistical significance (12.5% vs 8.6%; p = 0.111).

Association of Relapses in PwMS Older Than 50
Years With Active and Progressive Disease
Within follow-up, 140 patients from the “relapse cohort” ex-
perienced at least 1 further clinical relapse (21%). In total, we
observed 180 relapses during follow-up, 31 of those patients
did not receive DMT at baseline (22%), whereas 90 received
platform treatment (64%) and 19 received a highly active
DMT (14%).

As per definition, no relapse occurred in the “control cohort”
(Figure 1A). Patients from the “relapse cohort” were also

substantially more prone to develop new T2L (mean esti-
mators for the time to event 533.2 [control] vs 466.6 [re-
lapse] days; p < 0.001; Figure 1B). Of note, the availability of
MRI scans was lower in the “control” cohort vs the “relapse”
cohort (87.4% vs 94.5%; p < 0.001; eTable 1). However,
even after imputation of missing scans as “positive” among
the “control” cohort, the difference toward the “relapse co-
hort” remained significant (p < 0.001).

In terms of disability worsening, we observed that 70 of 681
(10.3%) patients had RAW in the “relapse cohort”
(Figure 1C). We also found that the abundance of PIRA was
significantly higher in the “relapse cohort” (18.2% vs 7.7%;
mean estimators 535.6 [control] vs 508.3 [relapse] days; p <
0.001; Figure 1D).

Among patients with disability worsening from both cohorts,
PIRA was less abundant in patients with minimal baseline
disability (EDSS 0–1.5: 37.5% of patients with CDW) com-
pared with patients with moderate or high disability at base-
line (EDSS 2–3.5: 67.8% of patients with CDW; EDSS ≥4:
73.6% of patients with CDW; p = 0.025). Themedian increase

Table 1 Baseline Epidemiologic Characteristics of the “Relapse” and “Control” Cohorts

Whole cohort (n = 913) Relapse cohort (n = 681) Control cohort (n = 232) p Value

Age, y, median (IQR) 54 (52–57) 54 (52–57) 54 (52–57) 0.125a

Male patients, n (%) 301 (33.0) 230 (33.8) 71 (30.6) 0.419b

Disease duration since diagnosis, y, median (IQR) 15 (11–20) 15 (11–20) 15 (11–20) 0.269a

Patients with of late-onset MS, n (%) 66 (7.2) 46 (6.8) 20 (8.6) 0.378b

No. of previous DMTs, median (IQR) 2 (2–3) 2 (2–3) 2 (2–3) 0.080a

Baseline EDSS, median (IQR) 3 (2.5–3.5) 3 (2.5–3.5) 3 (2.5–3.5) 0.130a

Baseline MRI available, n (%) 850 (93.1) 643 (94.4) 207 (89.2) 0.006b

New or enlarging T2-lesions in baseline MRI, n (%) 630 (69.0) 596 (92.7) 19 (8.2) <0.001b

DMT at baseline, n (%)

None 144 (15.8) 122 (17.9) 22 (9.5) <0.001b

Platform treatment 562 (61.6) 425 (62.4) 137 (59.1)

Active treatment 207 (22.7) 134 (19.7) 73 (31.5)

Time on current DMT at baseline, mo, median (IQR) 34 (27–41) 34 (27–40) 33 (27–40) 0.768a

Patients with risk factors

Active smoker 160 (17.5) 123 (18.1) 37 (15.9) 0.465b

Hypertension 184 (20.2) 141 (20.7) 43 (18.5) 0.477b

Obesity 296 (32.4) 222 (32.6) 74 (31.9) 0.843b

Cardiovascular disease 105 (11.5) 85 (12.5) 20 (8.6) 0.111b

Type-2 diabetes 96 (10.5) 78 (11.5) 18 (7.8) 0.113b

Abbreviations: DMT = disease-modifying treatment; EDSS = Expanded Disability Status Scale; IQR = interquartile range; MS = multiple sclerosis.
Platform treatments comprised injectable substances (glatiramer acetate, beta-interferons), teriflunomide, and dimethyl fumarate. Active treatments
comprised natalizumab, ocrelizumab, fingolimod, cladribine, and alemtuzumab.
Statistical significance was calculated using Kruskal-Wallis test for continuous variables (a) and χ2 test or Fisher exact test for categorical variables (b).
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of the EDSS was 1.0 points (IQR 1.0–1.0) among patients
experiencing RAW and 1.0 points (IQR 1.0–1.5) among pa-
tients experiencing PIRA.

Thus, our findings show that clinical relapses are associated
with both subsequent active and progressive disease in PwMS
older than 50 years.

Association of Age With the Risk of Active or
Progressive Disease in the “Relapse Cohort”
Patients were stratified according to their age (age 50–54 vs
age 55–59 vs age 60+ years), and disease courses during
follow-up were compared using the Kaplan-Meier method.
Baseline characteristics among strata were well balanced apart
from those baseline parameters that increase with age per se
(disease duration, proportion of patients with late-onset MS
[LOMS; defined as onset of MS symptoms beyond age 50
years]). In addition, diabetes (50–54: 8.0% vs 55–59: 12.3%
vs 60+: 22.0%; p < 0.001) and cardiovascular diseases (50–54:
9.7% vs 55–59: 10.9% vs 60+: 26.0%; p < 0.001) were more
abundant among PwMS of age 60+ years (eTable 2). MRI
scan frequencies remained balanced after stratification
(50–54: 94.6%; 55–59: 94.7%; 60+: 93.3%; p = 0.675; for
details see eTable 1). Time from index relapse to the baseline
visit and time to follow-up visits were comparable among
groups (eFigure 2).

We evaluated the time to relapse among age strata and found a
slight prolongation of time to first-relapse among patients
older than 60 years (mean estimators 472.5 [50–54] vs 473.3
[55–59] vs 492.5 [60+] days; p = 0.415; Figure 2A). Overall,
71 of 180 (39.4%) relapses occurred within month 6 and 87 of
180 (48.3%) relapses occurred within month 12 of follow-up
from the index relapse; only 20 of 180 relapses were observed
between months 12 and 18 (11.1%).

New or enlarging T2L remained equally abundant during
follow-up (month 6: 17.6% of scans; month 12: 18.7%; month
18: 12.3%; mean estimators: 461.7 vs 471.5 vs 473.8 days; p =
0.647; Figure 2B). Proportions of RAW appeared equal
among age strata (mean estimators 525.1 vs 524.0 vs 528.8
days; p = 0.726; Figure 2C). However, PwMS older than age
60 years were more susceptible to development of PIRA
(mean estimators 513.0 vs 512.3 vs 482.9 days; p = 0.004;
Figure 2D).

PwMS older than age 60 years hence appeared more prone to
worsening of disability after a relapse than the younger age
groups examined here.

Stratification of Outcomes and Risk Factors for
Development of Active or Progressive Disease
The “relapse cohort”was stratified according to their outcome
at month 18 from baseline as described in the methods
chapter into stable, active, and progressive disease
(Figure 3A). In total, 393 patients (57.7%) were stable, 164
were active (24.1%), and 124 were progressive (18.2%). None

of the patients experienced both RAW and PIRA during fol-
low-up.

Most baseline epidemiologic characteristics remained bal-
anced after stratification. DMT administration at baseline,
however, differed significantly (proportion of treatment-näıve
patients 11.2%/22.0%/33.9% [stable/active/progressive];
proportion of patients with platform DMT 63.45/64.0%/
57.3%; proportion of patients with highly active DMT 25.4%/
14.0%/8.9%; p < 0.001). Furthermore, CVRFs were more
abundant among progressive patients (patients with ≤2
CVRF 17.8%/20.1%/45.2% [stable/active/progressive]; p <
0.001; eTable 3). Frequencies of MRI scans (eTable 1) and
time spans between visits (eFigure 2) were equally distributed
among groups.

Among 393 stable patients, we found no evidence of disease
activity in 337 of 393 patients (86%), whereas in 56 of 393
patients, we observed a solitary new or enlarging T2L sug-
gesting MEDA (14%).

A total of 164 patients developed active disease. One hundred
twenty of 164 (73.2%) patients experienced clinical relapses
and >1 experienced new or enlarging T2L in the cranial MRI.
Twenty (12.2%) patients had a clinical relapse without new
MRI lesions and 24 (14.6%) patients developed multiple new
or enlarging T2L in absence of a clinical relapse.

Finally, 124 patients were identified as progressive (18.2% of
the cohort). Figure 3B shows the proportions of outcome
groups among the age strata (50–54: 59.8%/24.1%/16.1%
[stable/active/progressive]; 50–59: 58.6%/25.0%/16.4%;
60+: 48.0%/22.0%/30.0%; p = 0.025).

Disease duration at baseline was not significantly different
among age strata (median 15 vs 15 vs 17 years for stable,
active, and progressive patients, respectively; p = 0.155).
Slight but significant differences remained for EDSS at base-
line (median 3.0 vs 3.0 vs 3.5 for stable, active, and progressive
patients, respectively; p > 0.019).

A multinomial regression analysis containing the epidemio-
logic parameters available at baseline as covariates and the
disease outcome as dependent variable was conducted to
identify risk factors at baseline.

Compared with treatment-näıve patients at baseline, admin-
istration of both platform and highly active DMT favored
stable over active (platform: odds ratio [OR] 0.494, 95% CI
0.287–0.850; p = 0.011; highly active: OR 0.274, 95% CI
0.140–0.537; p < 0.001) and progressive disease (platform:
OR 0.218, 95% CI 0.123–0.386; p < 0.001; highly active: OR
0.084, 95% CI 0.036–0.193; p < 0.001; Figure 3, C and D, for
full regression model, see eTable 4). A baseline age older than
60 years remained in favor of progressive disease (OR 2.092,
95% CI 1.103–3.967; p = 0.024). The presence of 2–3 (OR
2.357, 95% CI 1.316–4.221; p = 0.004) or 4–5 (OR 14.268,
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95% CI 6.087–33.443, p < 0.001) CVRFs (ref. 0–1 CVRF)
greatly enhanced the risk of progressive disease, whereas no
such association was detectable in terms of active disease. A
regression model depicting the contribution of a single CVRF
is presented in eFigure 3 and eTable 5.

These data indicate that a higher baseline age and presence of
(multiple) CVRF are associated with progressive, but not
active disease. Presence of DMT at baseline favored stable
disease in either comparison.

Association of DMT Switches After the Index
Relapse With Disease Outcomes
Of the 681 patients from the “relapse cohort,” 237 (34.8%)
started (or switched) DMT until month 6. Of those, 194 out of

237 patients (28.4% of all patients; 81.5% of all switchers/start-
ers) underwent treatment change until month 3. In total, 209 of
237 patients underwent treatment escalation (88.2%), whereas
26 of 237 patients had a “lateral switch” from 1 platform treat-
ment to another or 1 highly active treatment to another (11.8%).

Additional 43 patients underwent DMT change beyond
month 6. In total, 280 patients had a change of their DMT
(41.1%). None of the patients de-escalated or stopped their
baseline DMT.

Multinomial regression demonstrated that, after adjustment
for the further baseline parameters, remaining without
DMT was significantly associated with active (OR 2.327,
95% CI 1.002–5.404) and progressive (OR 8.749, 95% CI

Figure 2 Analysis of Disease Outcomes in the “Relapse” Cohort Stratified by Age Groups

(A) Kaplan-Meier plot indicating the proportion of relapse-free patients over time among “relapse” (red line) and “control” (blue line) patients. Numbers at risk
are indicated below the x-axis. (B) Proportion of patientswithout newor enlarging T2-hyperintenseMRI lesions over time. (C, D) Proportion of patientswithout
relapse-associatedworsening (RAW; C) over time andwithout progression independent of relapse activity (PIRA; D). Significance levels were calculated using a
log-rank test.
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3.563–21.488) disease in treatment-näıve patients. Treat-
ment escalation from platform to highly active treatment
(OR 0.403, 95% CI 0.236–0.689) or lateral switches from 1
highly active treatment to another (OR 0.404, 95% CI
0.239–0.684) favored stable over active disease, yet were not
selected in the regression analysis for stable vs progressive
disease (escalation: OR 0.694, 95% CI 0.337–1.428; lateral
switch: OR 0.494, 95% CI 0.229–1.063). None of the other
DMT switches was associated significantly with a specific
disease outcome. Again, presence of CVRF favored pro-
gressive over stable disease (2–3 risk factors: OR 2.811, 95%
CI 1.517–5.211; p = 0.001; 4–5 risk factors: OR 9.811, 95%
CI 3.986–24.148; p < 0.001) (Table 2). Thus, initiation or
escalation of DMT in response to a relapse was associated
with stable over active, but not over progressive disease.

Discussion
In this study, we performed a secondary analysis of a large
3-center cohort of PwMS comprising 681 PwMS older than

50 years, who experienced at least 1 index clinical relapse, and
232 patients without a relapse.

With respect to our initial 3 key questions, we found that (1)
clinical relapses are associated with subsequent active or
progressive disease in PwMS beyond the age of 50 years. In
terms of risk factors present at relapse (key question 2), we
found that older age and presence of (multiple) CVRF pro-
foundly increased the risk of progressive disease. Presence of a
DMT at baseline favored stable over active and progressive
disease. In addition, a DMT switch in response to an index
relapse was associated with stable over active, but not over
progressive disease (key question 3).

Clinical relapses are easy to detect among clinical cohorts and
thus were used here as “index” event, yet are not an isolated
event but reflect ongoing chronic inflammation. However,
their abundance usually decreases with longer disease dura-
tion and older age while PIRA becomes the predominant
driver of disability accrual.8,19,20

Figure 3 Analysis of Risk Factors of Active or Progressive Disease Courses as Present at Baseline

(A) Stratification criteria for patient outcome subgroups used in this study. (B) Distribution of patient outcome groups among the 3 age strata. Color scheme
from (A) applies as legend for outcome groups. (C, D) We here conducted amultinomial regressionmodel using the outcome type at month 18 as dependent
variable. Results are shown as forest plot indicating the odds ratio ±95% CI on a logarithmic scale. Reference categories were “age 50–54” years for age strata,
“no DMT at baseline” for DMT, and “0–1” for cardiovascular risk factors. Odds ratios are listed next to the respective covariate. Red numbers indicate
covariates selected in the model (p < 0.05). (C) The results for the comparison of active vs stable disease. (D) The results for the comparison of progressive
disease vs stable disease. The complete regression model is given in eTable 4. DMT = disease-modifying treatment; PIRA = progression independent of
relapse activity; RAW = relapse-associated worsening; T2L = T2-hyperintense MRI lesion.
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Nonetheless, our data indicate that—at least in this selected
German tertiary center cohort—clinical relapses remain a
common phenomenon in PwMS beyond age 50 years and
underline that treatment strategies are urgently required for
these patients.

Whereas early presence of PIRA has been shown to negatively
affect disease outcomes,21 our data indicate that—in older
patients—this interaction appears bidirectional as clinical relapses
increased the frequency of progressive disease during follow-up.22

The fraction of patients with an active course was similar
among all age strata, whereas progressive disease became

more abundant among older patients. Disease duration and
baseline EDSS showed only minor differences among age
groups, although the proportion of patients with LOMS in-
creased over age strata and LOMS appeared as independent
risk factor of increased disability progression in a previous
study.23

We evaluated potential risk factors of active or progressive
disease present at the index relapse and found cardiovascular
disease was associated with both active and progressive dis-
ease. The association of CVRF factors to development and
worsening of MS is well known.24-26 Some studies clearly
associated these risk factors with increased relapse rates and

Table 2 Association of DMT Switches and Disease Outcomes

Regression
coefficient

Odds
ratio

Lower 95%
CI

Upper 95%
CI

p
Value

Active

Age group 55–59 years (50–54 = ref.) 0.037 1.037 0.681 1.580 0.864

Age group 60+ years (50–54 = ref.) 0.131 1.140 0.625 2.082 0.669

Male sex (female = ref.) 0.126 1.134 0.758 1.695 0.541

Risk score 2–3 (0–1 = ref.) 0.289 1.335 0.797 2.236 0.272

Risk score 4–5 (0–1 = ref.) 0.214 1.238 0.407 3.773 0.707

DMT sequence “none → none” (“platform → platform” = ref.) 0.845 2.327 1.002 5.404 0.049

DMT sequence “none → platform” (“platform → platform” = ref.) 0.727 2.069 0.724 5.913 0.175

DMT sequence “none → active” (“platform → platform” = ref.) −0.294 0.745 0.296 1.875 0.532

DMT sequence “platform → active” (“platform → platform” = ref.) −0.908 0.403 0.236 0.689 0.001

DMT sequence “active → active” (“platform → platform” = ref.) −0.905 0.404 0.239 0.684 0.001

Disease duration since MS diagnosis (continuous variable, increase per
year)

0.005 1.005 0.971 1.041 0.756

Progressive

Age group 55–59 years (50–54 = ref.) −0.005 0.995 0.547 1.808 0.987

Age group 60+ years (50–54 = ref.) 0.420 1.521 0.741 3.125 0.253

Male sex (female = ref.) 0.260 1.296 0.748 2.248 0.355

Risk score 2–3 (0–1 = ref.) 1.034 2.811 1.517 5.211 0.001

Risk score 4–5 (0–1 = ref.) 2.283 9.811 3.986 24.148 <0.001

DMT sequence “none → none” (“platform → platform” = ref.) 2.169 8.749 3.563 21.488 <0.001

DMT sequence “none → platform” (“platform → platform” = ref.) 0.864 2.373 0.601 9.369 0.218

DMT sequence “none → active” (“platform → platform” = ref.) 0.609 1.839 0.631 5.358 0.264

DMT sequence “platform → active” (“platform → platform” = ref.) −0.366 0.694 0.337 1.428 0.320

DMT sequence “active → active” (“platform → platform” = ref.) −0.706 0.494 0.229 1.063 0.071

Disease duration since MS diagnosis (continuous variable, increase per
year)

0.039 1.044 0.992 1.099 0.169

Abbreviations: DMT = disease-modifying treatment; MS = multiple sclerosis.
A multinomial logistic regression model was developed using the disease outcome as dependent variable (active vs stable [ref.] and progressive vs stable
[ref.]) and the listed factors with the indicated reference categories.
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disability worsening in patients with MS.25 In addition, ac-
celerated brain volume loss is also a major consequence of
cardiovascular disease.27,28 Brain volume loss has been de-
termined as a pivotal correlate to PIRA and subsequently
progressive MS.29 By contrast, DMT at baseline was associ-
ated with stable disease and this effect was stronger for highly
active than for platform substances.

Evidence guiding DMT administration in older patients re-
mains sparse. Patients older than 55 years are usually excluded
from clinical trials of approved DMT.30 Furthermore, current
DMTs predominantly address inflammatory disease activity,
and given the assumed decline of this in the elderly, drug
cessation in long-term stable and relapse-free PwMS around
age 55 years has been repeatedly proposed.31,32 Currently,
older patients are less likely to receive DMT per se, and the
presence of comorbidities has been identified to further re-
duce the probability of treatment.33 Unfortunately, comor-
bidities can further disadvantageously affect DMT safety or
complicate drug surveillance.7,32,33 In this study, we described
clinical courses after DMT modification. Compared with
continuous platform DMT, treatment switch toward highly
active treatment was associated with stable over active disease.
These findings support treatment escalation in older patients,
similar to recommendations for the general MS population as
published elsewhere.34,35

Notably, induction of highly active DMT in previously näıve
patients was not significantly favoring stable over active dis-
ease. Besides insufficient sample size, another potential ex-
planation could be that—in treatment-näıve patients—highly
active DMT took too long to exert a protective effect. In line, a
recent study determined a therapeutic lag from 12 to 30 weeks
in terms of relapse reduction and a lag from 30 to 70 weeks in
terms of disability progression.36

In progressive patients, treatment induction in previously
untreated patients or escalation from platform to highly active
treatment did not favor stable disease anymore. Reasons for
this remain unclear, yet various possible explanations exist:
(1) The delay from initiation of highly active DMT to full
effect can exceed 6 months and thus DMT may simply have
been initiated too late to prevent progression during the ob-
servational period36; (2) compartmentalization of chronic
inflammation within the CNS as a consequence of ongoing
disease activity, which may result in a reduced effect of
DMT37 and favored a state of “smoldering” MS with a pro-
gressive phenotype.38

Finally, pathomechanisms in established progressive MS dif-
fer from relapsing disease and involve mitochondrial dys-
function and release of reactive oxygen species and iron
accumulation.39,40 Consistent with this, we noted that expe-
riencing a relapse heightened the likelihood of disease pro-
gression, whereas managing relapses did not affect the
progressive component. Given that current DMTs do not
address many of the pathogenetic aspects of progressive MS,

it appears reasonable that initiation of DMT in patients re-
mains ineffective once this cascade toward neurodegeneration
and thus PIRA commenced. However, a relapse might ac-
celerate this cascade.

Previous data on platform and highly active DMT have re-
peatedly shown decreased relapse severity in patients re-
ceiving DMT compared with placebo.41,42 Thus, it appears
likely that (even platform) DMT at baseline also protects
from the hypothetical “smoldering” MS mentioned above as
well.

Our study has some general limitations related to its design.
Besides being observational and hence strongly limited in terms
of evaluation of treatment effects, some information potentially
relevant to analysis such as socioeconomic background were
not available. Others had to be obtained or at least validated by
chart reviews. Consequently, all analyses are exploratory by
design. Furthermore, our patient cohort is likely to have un-
dergone a selection bias resulting from recruitment exclusively
at tertiary centers and this is eventually reflected in the high
proportion of patients with a clinical relapse (67.6%). This has
likely resulted in an over-representation of active and pro-
gressive patients in our sample.

Among the strengths of our study are that data availability
throughout the cohort was high, including availability of
>92% of MRI scans, and patients underwent standardized
examination throughout. Moreover, the data set was complete
regarding information on DMT administration. Also, the
frequency of risk factors at baseline was representative of the
German general population.18

Taken together, our findings indicate a substantial risk of
active or progressive disease courses of MS for older patients
after a clinical relapse. It remains unclear whether this disease
stadium can be halted or even reverted by therapeutic in-
tervention, and if so, how long a “therapeutic window” lasts.

The underlying phenomenon of (undetected) ongoing dis-
ease activity yet remains addressed incompletely. The recently
published DISCOMS study did not show noninferiority of
drug cessation against continuation in patients with pre-
viously stable MS older than 55 years.10,11 Whether risk
stratification of PwMS with clinically inapparent yet ongoing
disease activity will benefit from introduction of biomarkers
such as neurofilament light chains remains to be elucidated.
Its evaluation in older PwMS, however, appears warranted in
the light of the data shown here.
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