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ABSTRACT

The number of ageing people with relapsing
multiple sclerosis (RMS) is increasing. The effi-
cacy of disease-modifying therapies (DMTs) for
RMS declines with age. Also, older persons with
MS may be more susceptible to infections,
hospitalisations and malignancy. Aging people
with MS have higher rates of comorbidities
versus aged-matched controls, increasing the
individual risk of disability. We review the
therapeutic properties of cladribine tablets
(CladT) in ageing people with RMS, with regard
to their utility for allowing these individuals to
cease continuous administration of a DMT (i.e.
to act as an ‘‘exit therapy’’). CladT is thought to
be an immune reconstitution therapy, in that

two short courses of oral treatment 1 year apart
provide suppression of MS disease activity in
responders that far outlasts the duration of
treatment and post-treatment reductions in
lymphocyte counts. Post hoc analyses, long-
term follow-up of populations with RMS in
randomised trials, and real-world evidence sug-
gest that the efficacy of CladT is probably
independent of age, although more data in the
elderly are still needed. No clear adverse signals
for lymphopenia or other adverse safety signals
have emerged with increasing age, although
immunosenescence in the setting of age-related
‘‘inflammaging’’ may predispose elderly patients
to a higher risk of infections. Updating vacci-
nation status is recommended, especially
against pneumococci and herpes zoster for older
patients, to minimise the risk of these infec-
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tions. CladT may be a useful alternative treat-
ment for ageing people with MS who often bear
a burden of multiple comorbidities and
polypharmacy and who are more exposed to the
adverse effects of continuous immunosuppres-
sive therapy.

Keywords: Cladribine tablets; Relapsing
multiple sclerosis; Disease-modifying therapy;
Ageing

Key Summary Points

The number of ageing people with
relapsing multiple sclerosis (RMS) is
increasing.

As people with RMS age, the efficacy of
disease-modifying therapies (DMTs) for
RMS may decline while safety and
adherence issues may increase.

Data from randomised trials and real-
world evidence suggest that the
effectiveness of cladribine tablets does not
decrease with increasing age.

No clear adverse signals for lymphopenia
or other adverse safety signals have
emerged in older people with MS.

Cladribine tablets appear to be a rational
therapeutic option as an exit therapy for
ageing people with RMS who have
difficulty with tolerating or adhering to
continuous immunosuppressive DMT
regimens.

INTRODUCTION

Important demographic shifts are occurring in
the population of people with relapsing multi-
ple sclerosis (RMS). These include an increase in
the overall age of this population, which is of
potential importance as the efficacy of disease-
modifying therapies (DMTs) has been reported

to decrease, and the risk of infections has been
reported to increase, as people with MS grow
older [1, 2]. It is therefore important to study
the effects of individual DMTs in older and
younger people with RMS separately.

Most high-efficacy DMTs used in the man-
agement of RMS act by continuously applied
immunosuppression [3]. Immune reconstitu-
tion therapy (IRT), by contrast, is given as a
small number of short courses of treatment, as
the efficacy of the treatment in a responder to
therapy far outlasts both the administration
period of the drug and its effects on immune
cell counts [3]. Cladribine tablets (CladT) and
alemtuzumab are selective IRTs that are avail-
able currently for the management of RMS [4].

This narrative review considers the changing
demographic background of RMS, the chal-
lenges associated with managing the ageing
people with RMS, and the efficacy, tolerability
and safety of pharmacologic IRT in this popu-
lation. In particular, we consider the extent to
which CladT as an IRT may represent a poten-
tial ‘‘exit therapy’’, i.e. when a prolonged period
of freedom from MS disease activity following a
successful response to IRT provides an oppor-
tunity for cessation of DMT for selected cases.

The therapeutic use of alemtuzumab has
been restricted in some countries because of
concerns over the potential for serious cardio-
cerebrovascular adverse events and new-onset
secondary autoimmune conditions such as
thyroid disease (in as many as half of recipients
of this treatment [5]), haematological and renal
autoimmune diseases [6–9]. In addition, we do
not review the use other treatments which may
demonstrate some IRT-like properties, such as
autologous haematopoietic stem cell therapy
(aHSCT), which is based on different protocols
and requires specialized centres [10], mitox-
antrone which is less used in the management
of RMS as a result of concerns over serious side
effects including cardiotoxicity and increased
risk of leukaemia [11, 12], or anti-CD20 agents
which (like mitoxantrone) are administered as
continuous immunosuppressants [4]. Accord-
ingly, this review will focus mainly on the
effects of CladT according to age.

This review article is based on previously
conducted studies and the clinical expertise of
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the authors in treating patients with RMS. No
new clinical studies were performed by the
authors. No patient-specific efficacy or safety
data were reported; therefore, institutional
review board (IRB)/ethics approval was not
required.

THE MS POPULATION IS GETTING
OLDER

Demographic Shifts in the Global
Population with MS

The population with MS is becoming older, on
average. In Manitoba, Canada, the age range for
the peak prevalence of MS moved from 35 to
39 years (with a prevalence of about
80/100,000) in 1984 to 55–59 years (with a
prevalence of about 470/100,000) in 2006 [13].
A study in Genoa, Italy, found an increasing
proportion of older people with MS comparing
the years 2007 with 1997; at the later time
point, 18% of their MS population were
aged[65 years [14]. The median age at last
clinical contact was 48 years in the Observatoire
Français de la Sclérose en Plaques (OFSEP)
cohort, with a quarter of the population
aged C 57 years, in a survey published in 2018
[15]. In the USA 55% of people with MS are over
50 years of age and the prevalence of people
with MS aged C 66 years in Switzerland in 2015
was 60/100,000 for women and 20/100,000 for
men [16].

Improvements in life expectancy are also
contributing to the ageing of the MS popula-
tion: data from the Global Burden of Disease
Study showed that the age-standardised mor-
tality rate for people with MS vs. the general
population declined by 11.5% (uncertainty
interval - 35.4 to - 4.7) between 1990 and
2016 [17] and estimated the annual percentage
change in mortality in people with MS to be
- 0.62 (95% CI - 0.67 to - 0.56) between 1990
and 2019 [18]. In Norway, the standardised
mortality ratio (SMR) for people with MS vs. the
general population was 3.0 for the
years 1953–1974, 3.1 for 1975–1996, and 0.8 for
1997–2012 [19]. More data from Norway
reported SMRs for people with vs. without MS of

2.2–3.2 for time periods between\ 1950 and
1989, followed by SMRs of 1.9 for 1990–1999
and 1.1 for 2000–2015 (Fig. 1) [20].

The timings of these improvements in out-
come among the population with RMS coincide
broadly with the era of DMT use in RMS man-
agement, which can be considered to begin
with the introduction of the interferons in the
1990s. A publication in 2012 reported increased
life expectancy for people with MS treated early
and continuously with interferon-b in ran-
domised clinical trials [21], and this finding was
supported by real-world data in 2019 [22]. Non-
receipt of DMT was a significant predictor of
excess mortality in US veterans in the outpa-
tient setting [23] and other observational stud-
ies have reported lower mortality rates in people
with MS with vs. without (or with lower expo-
sure to) DMTs [24, 25]. It is likely, therefore,
that the availability of modern DMT has con-
tributed to the increase in longevity of people
with MS. However, mortality rates were
decreasing in this population before the avail-
ability of DMTs, so other factors are likely to
play some role [26]. More data with longer fol-
low-up with high-efficacy DMTs will be required
to quantify the effect of modern DMT on mor-
tality rates in people with MS. Moreover, new
diagnostic criteria play an important role in the
increasing rate of diagnosis of late onset of MS.

INCREASING AGE
AND THE PHENOTYPE
AND PATHOLOGY OF RMS

Retrospective studies suggest that younger vs.
older people with MS tend to have a higher
frequency of relapses, with a secondary pro-
gressive component to MS often apparent dur-
ing and after their fifties [27–30]. One study of
11,722 relapses in 2477 people with MS showed
that the frequency of relapses decreased by 17%
during each 5-year period post-MS onset, with
about three in four reporting a 5-year relapse-
free period at some time before the onset of
secondary MS progression [30]. A model derived
within a post hoc analysis of the placebo arms
of trials that evaluated fingolimod showed that
even comparing individuals aged 20 vs. 30 years
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was associated with a 1.7–1.8-fold increase in
the absolute relapse rate at the younger age [31].
These changes are consistent with a shift from a
relapsing form of MS, characterised by relapses
and focal inflammation in central nervous tis-
sues, to a more exclusively progressive form as
the patient ages. Overall, it has been reported
that a substantial minority of patients diag-
nosed with RMS (about one-third) still have
RMS as they become elderly [32].

Natural ageing involves modifications of the
immune system (immunosenescence), which
may be accelerated in people with MS [33–35].
Increased levels of chronic, low-grade inflam-
mation and increased secretion of inflammatory
cytokines, partly in response to infections, leads
to a more pro-inflammatory overall phenotype
in older subjects, which has been termed ‘‘in-
flammaging’’ [36, 37]. These adverse changes are
exacerbated by the effects of substances secreted
by already senescent cells and can promote the
onset of senescence in previously healthy cells,
setting up a vicious circle of inflammation and
immunosenescence [36, 37]. Senescence of
T cells, coupled with thymic involution (age-
related atrophy of the thymus) and inflam-
maging, has been described as a key drive of
age-related diseases [36, 38]. Neuronal repair

mechanisms are attenuated in older people,
partially related to abnormal function of innate
immune cells (macrophages and microglia).
Oxidative stress (partly caused by increased iron
deposition), dysfunction of mitochondria and
increased levels of pro-inflammatory cytokines
also contribute to accelerated ageing of the
brain in MS [32]. The toxic milieu of inflam-
maging, oxidative stress and immunosenes-
cence accelerates the neuronal damage in MS
that leads to the progression of disability [38].
Figure 2 summarises these deficiencies, which
likely underpin the observations of diminished
the efficacy of DMTs and increased susceptibil-
ity to infections in older people described above
[38, 39].

Ageing also increases the risk of significant
comorbidities, such as cardiovascular disease,
cancer, diabetes, respiratory disease, and psy-
chiatric disorders, which increase the risk of
premature mortality in people with MS and may
also impact negatively on MS disability [40, 41].
Increased comorbidity is likely to mean addi-
tional pharmacologic treatments and increasing
age increases the likelihood of polypharmacy in
people with MS [42, 43], and higher burden of
medication or comorbidities leads in turn to an
impaired adherence to treatment and an

Fig. 1 Changes in the standardised mortality ratio (SMR)
and excess death rates (EDR) for people with multiple
sclerosis compared with the general population from a
registry-based observational study in Norway. Bars are 95%

confidence intervals. Drawn from data presented in ref.
[20]
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increased risk of hospitalisation in this popula-
tion [44]. Cognitive impairment in people with
MS can also impair ability to self-care [45, 46].

CHANGES IN THE EFFICACY
OF DISEASE-MODIFYING THERAPY
WITH AGE

Age and the Effectiveness of Therapies
Based on Continuous Immunosuppression

Ameta-analysis published in 2017 evaluated the
effect of age on the efficacy of DMTs used in the
management of RMS using the ability of the
DMTs to prevent the progression of disability
(‘‘inhibition of disability progression’’; IDP) as a
marker of their efficacy in randomised con-
trolled trials [47]. Estimates of IDP in the pooled
data for all included trials fell from about 60%
at age 30 years to essentially 0% at age 50 years.
This was true for both platform and high-effi-
cacy DMTs, although the rate efficacy loss with
age was higher for the high-efficacy DMTs,
having started from a higher value at age
30 years. Increasing age was the strongest

predictor of efficacy loss of DMTs in this anal-
ysis, with the influence of the Expanded Dis-
ability Status Scale (EDSS) becoming non-
significant in higher-order multivariate models.

The results of a small, retrospective study in
35 people with MS aged[60 years supported
the findings of this meta-analysis, in that dis-
continuation of a DMT did not predict a higher
frequency of MS relapses or increased progres-
sion of disability during a subsequent, 2-year
follow-up period [48]. The post hoc analysis of
randomised evaluations of fingolimod, also
showed greater effects of the DMT in younger
than in older individuals with regard to sup-
pression of relapses and new MRI lesions and
achievement of no evidence of disease activity
[31]. A meta-analysis quantified the efficacy of
DMT treatment in older and younger sub-
groups, compared with the overall population,
and found a relative effectiveness of 0.83 vs.
1.30, respectively (p\0.001) for relapse rate
and 0.82 vs. 1.28, respectively (p = 0.017) for
disability progression [49].

A post hoc analysis of data from the ran-
domised, OPERA I and II studies (comparisons
of ocrelizumab with interferon-b1a) reported

Fig. 2 Overview of mechanisms of immune senescence
and diminished efficacy of disease-modifying therapies
(DMT) in the setting of inflammaging in a person with
relapsing multiple sclerosis. Reproduced from ref. [38] in
accordance with the Creative Commons Attribution

License CC BY (http://creativecommons.org/licenses/by/
4.0/). The figure has been redrawn for clarity only. Abs
antibodies, NK natural killer (immune cells)
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significant interactions between age and the
effect of ocrelizumab on the annual relapse rate
(p = 0.0055) and the proportion with no evi-
dence of disease activity (NEDA; p = 0.0006),
with smaller effects for age[40 years, although
no significant interaction was seen for other
treatment outcomes [50]. The 2017 meta-anal-
ysis, described above, included a limited range
of ages, as the average ages of subjects in the
included trials ranged from about 32 years to
about 45 years [47], as older individuals have
largely been excluded from randomised,
phase III trials [51]. In addition, IRT was not
well represented in this meta-analysis. Three
trials on alemtuzumab were included, which
had mean ages at baseline of 32–35 years, lim-
iting the scope for examining the effects of this
treatment according to age within the design of
the analysis (although other data on this aspect
of alemtuzumab are presented later in the arti-
cle) [52–54]. CladT was not included at all in
this analysis, which therefore seems to relate
mainly to the interactions between efficacy and
age of either immunomodulators, such as the
interferons, or DMTs acting via continuous
immunosuppression, including other high-effi-
cacy DMTs. Data on the therapeutic profile of
CladT in older people with RMS is discussed
separately below. Importantly, the authors of
this meta-analysis did not conclude that all
older people with MS should be denied treat-
ment with a DMT, as their pooled data con-
cealed variation in the response of individuals
to DMTs.

Age and the Effectiveness of Cladribine
Tablets

The randomised, placebo-controlled Cladribine
Tablets Treating Multiple Sclerosis Orally
(CLARITY) study was the pivotal phase III clin-
ical trial that underpinned the approval of
CladT for therapeutic use in RMS [55]. A total of
1326 people with RMS and at least one relapse
in the previous year, who had received no more
than one DMT previously (no immunosup-
pressants or cytokine-based treatments) were
randomly assigned to treatment with placebo or
one of two doses of CladT (cumulative total
doses of 3.5 or 5.25 mg/kg, given as two 4–5-day
courses 1 month apart at the start of the first
and second years of treatment). The efficacy
response was similar for the lower and higher
doses (e.g. annualised relapse rate (ARR) at
2 years was 0.14 and 0.15, respectively, vs. 0.33
for placebo and similar benefits for the two
doses were seen relative to placebo for reduced
risk of confirmed EDSS progression and reduced
MRI lesions in the CNS). As the risk of severe
lymphopenia was higher for the 5.25 mg/kg
arm, only the cumulative 3.5 mg/kg dose is used
clinically, and all data on CladT in this review
refer to this dose. Long-term (10.9 years) post-
trial follow-up of 435 enrolees from the
CLARITY study demonstrated long-term bene-
fits from treatment with CladT 3.5 mg/kg vs.
placebo, including a higher proportion never
needing a wheelchair (88.2% vs. 77.8%), never
needing additional DMT (66.3% vs. 36.6%), and
with no evidence of disease reactivation (50%
vs. 28%) [56]. A post hoc analysis of CLARITY
stratified the trial population by age B 45 years
(N = 649) and [ 45 years (N = 221) [57]. The
risk of MS relapses was reduced significantly in
both age groups (Fig. 3). In addition, there were
significant (p\ 0.0001) reductions in the mean
[95% CI] number (per subject per scan) of active
T2 MRI lesions in those aged B 45 years
(- 0.667 [- 0.67 to - 0.5]) and [45 years
(- 0.167 [- 0.33 to 0.00]), as well as significant
(p\ 0.0001) reductions in the number of com-
bined unique lesions in each group (- 0.667
[- 1.00 to - 0.67] and - 0.333 [- 0.33 to 0.00],
respectively).

Fig. 3 Effect of cladribine tablets 3.5 mg/kg on annualised
relapse rates in a post hoc analysis of the CLARITY
randomised trial. aAdjudicated relapses counted as events
in the original analysis. CI confidence intervals. Drawn
from data presented in ref. [57]
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Real-world studies facilitate the study of the
effects of interventions in a broader population
outside the restrictive inclusion/exclusion cri-
teria of randomised clinical trials. Follow-up
from the Australian MSBase registry cohort
included 60 patients with RMS who had a mean
age of 45 years, which was somewhat higher
than the mean age at baseline of 39 years in the
CLARITY study [55, 58]. ARR was reduced from
1.8 at baseline to 0.31 at 2 years after treatment
with CladT. Another real-world study evaluated
CladT in subgroups aged C 50 years (N = 31)
and aged\ 50 years (N = 62), with average fol-
low-up of 13 months. After receiving CladT,
high and similar proportions of the\50 years
and C 50 years groups were relapse-free (97.1%
and 95.2%, respectively) and without progres-
sion of disability (91.4% vs. 88.7%, respec-
tively). There was no difference between age
groups for the risk of MS disease activity (hazard
ratio [HR] 0.73 [95% CI 0.18–2.91, p = 0.657),
consistent with this finding, or of adverse
events (odds ratio 0.84 [95% CI 0.24–2.93],
p = 0.791) [59] (Fig. 4).

A similar lack of effect of age on the efficacy
of alemtuzumab was seen in a post hoc, pooled
analysis of long-term extensions to the ran-
domised CARE-MS I and CARE-MS II phase III
studies [60]. The median number of relapses in
the year before randomisation was one [52, 53],
and the ARRs during 3–8 years post-randomisa-
tion in the alemtuzumab group were 0.19 for
those aged 18–25 years, 0.16 for 26–35 years,
0.19 for 36–45 years and 0.15 for 46–55 years.

Lymphopenia and Infections
CladT induces a profound reduction in B lym-
phocytes, with a lesser reduction in T lympho-
cytes, with nadirs occurring several months
after dosing with CladT, followed by a gradual
recovery [61]. Recovery of these cell types
occurs over approximately 30 and 43 weeks,
respectively, after the second course of CladT
[61]. Accordingly, lymphopenia is a recognised
side effect of CladT [62]. Severe (grade 3 or 4)
lymphopenia is uncommon, especially if the
absolute lymphocyte count (ALC) is allowed to

Fig. 4 Time to first episode of grade 3 or 4 lymphopenia
according to age during treatment of patients with
relapsing multiple sclerosis with cladribine tablets. Repro-
duced from ref. [64] according to the terms of the Creative

Commons Attribution License (CC BY) (http://
creativecommons.org/licenses/by/4.0/)
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recover to at least 800/mm3 before the second
annual course of treatment with CladT, as per
the product label.

A real-world analysis comprising data from
spontaneous adverse event reporting and post-
marketing studies estimated the incidence of
severe lymphopenia as 0.12 events/100,000
person-years of treatment [63]. A pooled analy-
sis estimated the incidence of lymphopenia in
those who received CladT according to age [64]
using data from the CLARITY study [55] and its
extension [65] and the ORACLE study in clini-
cally isolated syndrome (total N = 1564) [66].
The incidence of grade 3 lymphopenia during
year 1 of treatment with CladT was 8.3%
(age\50 years) and 10.0% (age C 50 years) and
no grade 4 lymphopenia occurred at this time.
During year 2 of treatment, the incidences of
grade 3 lymphopenia for the age\50 years and
C 50 years age groups were 18.7% and 20.0%,
respectively, with corresponding incidences of
grade 4 lymphopenia of 0.3% and 1.0%,
respectively. Figure 4 shows the time to the first
occurrence of grade 3 or 4 lymphopenia in this
population. The median times to recovery from
grade 3–4 to grade B 2 lymphopenia were
5.7 weeks for age\50 years and 6.4 weeks for
age C 50 years.

It should be noted that the randomised
evaluations of CladT included in this analysis
employed a fixed dosing schedule, where the

second-year course was given 1 year after the
first course irrespective of the lymphocyte
count. Now, the CladT label allows the year 2
course to be delayed for up to 6 months to allow
the ALC to rise to C 800/mm3. Real-world data
suggest that this change has reduced the
potential for severe lymphopenia with CladT
[59, 62].

The same integrated analysis also included
data on infections [64]. The overall incidence of
any treatment-emergent viral or bacterial
infection was 19.71/100 person-years (95% CI
16.28–23.87) for age\ 50 years and 23.78/100
person-years (95% CI 14.78–38.25) for
age C 50 years. The incidences of viral upper
respiratory tract infections (URTI) and influenza
were generally comparable between age groups;
however, there was an apparent trend towards
an excess incidence of herpes zoster in the older
age group versus the younger age group (3.37/
100 person-years [1.27–8.99] vs. 0.76/100 per-
son-years [0.36–1.59]). The appearance of her-
pes zoster during treatment with CladT is
usually associated with ALC\500/mm3

[62, 67]. Importantly, a specific non-live vaccine
is now available in several countries that pre-
vents such infectious complications [68]. This
vaccination should be recommended prior to
CladT treatment if the patient is seronegative
for varicella zoster virus.

Table 1 Expert opinion on the prescription of cladribine tablets as an ‘‘exit therapy’’ for an ageing patient with
stable multiple sclerosis who desires or needs to discontinue continuous treatment with a disease-modifying therapy (DMT)

Previous treatment for multiple sclerosis Age Criteria for prescribing cladribine tablets as an exit
therapy

Platform DMTa C 45 years Disease duration of about 10 years or more

NEDA-3c for 5 years

High-efficacy DMT (other than cladribine

tablets)b
C 55 years Disease duration of about 10 years or more

NEDA-3c for 5 years

aInterferons, glatiramer acetate, teriflunomide, dimethyl fumarate
bS1P inhibitors (e.g. fingolimod, siponimod, ponesimod); natalizumab; anti-CD20 agents (e.g. ocrelizumab, rituximab,
ofatumumab), alemtuzumab
cNEDA-3: no evidence of disease activity, i.e. no new clinical relapses, no new magnetic resonance imaging lesions, and no
progression of disability. N.B. In patients experiencing disease activity on a continuous DMT, switching to cladribine tablets
may be considered as per standard clinical practice and after of assessment of the benefit–risk profile of the patient
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Patient-Reported Outcomes
An uncontrolled, prospective observational
study in 58 CladT-treated people with RMS
evaluated satisfaction with treatment 6 months
following administration of the first course of
CladT using the validated Treatment Satisfac-
tion Questionnaire for Medication (TSQM)
instrument [69]. TSQM scores (a score of 100
signifies total satisfaction with treatment) were
similar following stratification for
age\45 years (mean score 76.4 ± 17.0)
or C 45 years (mean score 73.5 ± 15.2).

PRACTICAL CONSIDERATIONS
FOR PRESCRIBING CLADRIBINE
TABLETS AS EXIT THERAPY
IN THE AGEING PERSON WITH RMS

The evidence summarised above suggests that
the efficacy of some DMTs in preventing relap-
ses and/or disability decreases with increasing
age, while the risk of infection increases with
age. These trends imply a less positive risk-to-
benefit ratio for the ageing vs. younger person
with MS. Whether to withdraw DMT in ageing
people with MS needs careful consideration of
the potential risks and benefits for the individ-
ual [27, 51, 70]. However, prescribing an inter-
vention to protect an ageing person with MS
from future MS disease activity is often reason-
able: a recent randomised trial has shown that
there is some risk of reactivation of clinical or
radiologic MS disease activity during the 2 years
after withdrawing DMT at age[ 55 years with
no relapse in the last 5 years or new MRI lesions
in the last 3 years; 12.2% of the DMT discon-
tinuation group had a new or expanding brain
MRI lesion, compared with 4.2% in the DMT
continuation group [71, 72]. The randomised
DOT MS trial evaluation of treatment discon-
tinuation in people with a mean age of 53 years
and stable MS (absence of clinical and radio-
logical inflammatory activity for [5 years on
first-line treatment) was prematurely stopped
because of significant inflammation observed in
the discontinuation group (6/45 vs. 0/45 in the
continuation group at the time the study was

terminated) [73]. Currently, another similar
study (STOP-I-SEP) is ongoing in France.

Observational data also support this concept.
A recent (2024) observational study from the
OFSEP registry in France was conducted in
people with MS aged[ 50 years who had
demonstrated no inflammatory MS disease
activity for a mean of 5.6 years while receiving a
high-efficacy DMT [74]. There was an increased
risk of MS relapse between propensity score-
matched cohorts of 168 participants who dis-
continued the DMT vs. 1452 who did not (the
hazard ratio [HR] for time to first relapse was 4.1
[95% CI 2.0–8.5], p\ 0.001). The risk of MS
disease reactivation differed according to the
DMT, with HRs (95% CI) of 7.2 (2.14–24.5,
p = 0.001) for natalizumab, 4.5 (1.3–15.5,
p = 0.02) for fingolimod and 1.1 (0.3–4.8,
p = 0.8) for anti-CD20 agents. Similar findings
are available from a large retrospective study of
14,213 people with MS enrolled in the MS-BASE
and OFSEP registries published in 2022 [75].
These studies did not evaluate CladT, as com-
paring an IRT such as CladT with continuously
applied DMTs is difficult as CladT is given as
two annual courses without expectation of fur-
ther treatment unless MS disease activity recurs
[3, 4, 76].

Available evidence suggests that the efficacy
of CladT is not markedly diminished in ageing
people with MS. Moreover, CladT is generally
well tolerated with no safety issues that relate
especially to older age, including issues related
to lymphocytopenia. CladT is therefore a can-
didate therapy for selected older persons with
MS who need or wish to discontinue active
treatment with a DMT. Table 1 shows our expert
recommendations on the use of CladT as an exit
therapy for people with stable MS, rather than
in its more usual role earlier in the course of MS.
CladT may be considered for those
aged C 45 years previously receiving a plat-
form/first-line DMT (interferons, glatiramer
acetate, dimethyl fumarate or teriflunomide
[74]) or for age C 55 years after a high-efficacy
DMT (S1P inhibitors, natalizumab, anti-CD20
agents, alemtuzumab [77]); 3-point no evidence
of disease activity (NEDA-3; no new MRI activ-
ity, no clinical relapses, no change in EDSS
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status [78]) should have persisted for C 5 years
in each scenario.

For patients previously receiving a high-effi-
cacy DMT, it is important to consider the
severity of MS disease before treatment, and the
potential for rebound MS disease activity after
withdrawal of the previous DMT. This applies
especially (but not exclusively) to natalizumab
or S1P inhibitors [75]. It should also be noted
that reduced levels of gamma globulins have
been observed during treatment with anti-CD20
DMTs [79]. An observational study in 45 sub-
jects with MS who had experienced C 10%
reduction in IgG or IgM or in recurrent infec-
tions during C 18 months of anti-CD20 therapy
showed that the time course of levels of IgG or
IgM were similar during 1 year of follow-up after
a switch to CladT or continued anti-CD20
treatment, with low MS disease activity and
adverse event rates [80]. Switching from anti-
CD20 to CladT is therefore feasible, even where
levels of antibodies have been depressed,
although the potential benefits and risks for
each patient will need to be considered.

Effective, evidence-led multidisciplinary care
to address comorbidities and other medical or
social concerns continues to be important for
the older individual with RMS as it is for other
conditions, irrespective of whether they con-
tinue to receive a DMT or not [81]. Older people
with MS may be generally more prone to
infections and special care should be given to
vaccination if a decision is made to initiate or
switch to CladT especially with the non-live
vaccine against herpes zoster where available.
There is evidence that older age ([50 years) and
the presence of comorbidity reduce the likeli-
hood of an older person with highly active MS
receiving a high-efficacy DMT, which may leave
them exposed to an unnecessary risk of MS
disease activity [82].

A 1-year observational study in MS (N = 503)
reported an increased risk of infections with
orally administered DMTs (incidence rate ratio
[IRR] 2.04 [95% CI 1.19–3.49]) and monoclonal
antibody DMTs (IRR 2.32 [95% CI 1.39–3.89) vs.
a control group who received interferons,
glatiramer acetate or no DMT [1]. The effect of
treatment with monoclonal antibody DMTs (vs.
other treatments) on infections was stronger in

younger (IRR 5.90) vs. older (IRR 1.95) subjects
in this analysis. While CladT was included in
the oral treatments studied, the analysis was
unfortunately not powered to provide the risk
of infection with individual DMTs. Careful
attention to the ALC following the first course
of CladT, ensuring that the second course of
CladT is not given until lymphocytes have
recovered sufficiently, appears to hold the key
to preventing severe lymphopenia associated
with increased risk of opportunistic infections.

Older people with MS are more likely to have
significant comorbidity and polypharmacy. The
lack of need for continuously applied treatment
is an advantage of the IRT approach in this
setting: as long as adherence to the 8–10 days of
treatment required for each of the year 1 and
year 2 courses is high (this is usually the case
[83] and a support programme is available to
assist with this in a number of countries
[84, 85]). The question of adherence then
becomes effectively moot for responders to
treatment, as there is no continued treatment
burden [86]. Expert opinion supports the use of
CladT as a rational therapeutic option for those
with problems adhering to their current regi-
men, based on the convenience of (lack of
continuous) administration and the durability
of the treatment benefit seen in responders to
treatment [86–88]. Importantly, short-term
treatment limits drug–drug interactions that
may occur particularly in case of
polypharmacotherapy.

CONCLUSIONS

Reports of declining efficacy and increased risk
of infection with increasing age with some
DMTs suggest a less positive risk-to-benefit ratio
for the ageing vs. younger person with MS.
Evidence from randomised trials and real-world
studies indicates that the efficacy of CladT in
suppressing markers of MS disease activity is
similar in older and younger age groups,
although more data from the elderly would be
welcome. There is also no indication of an
increased risk of serious safety issues in older
people receiving CladT, though this also
requires further study. In addition to its more
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usual role earlier in the MS disease course, CladT
appears to be a rational therapeutic option for
selected older people with RMS, including as an
‘‘exit therapy’’ for those with low and
stable clinical and radiological MS disease
activity on previous continuous DMT.
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