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With a rapidly aging global population and improvement of outcomes with 
newer multiple sclerosis (MS)-specific disease-modifying therapies (DMTs), the 
epidemiology of MS has shifted to an older than previously described population, 
with a peak prevalence of the disease seen in the 55–65  years age group. 
Changes in the pathophysiology of MS appear to be  age-dependent. Several 
studies have identified a consistent phase of disability worsening around the fifth 
decade of life. The latter appears to be independent of prior disease duration and 
inflammatory activity and concomitant to pathological changes from acute focal 
active demyelination to chronic smoldering plaques, slow-expanding lesions, and 
compartmentalized inflammation within the central nervous system (CNS). On the 
other hand, decreased CNS tissue reserve and poorer remyelinating capacity with 
aging lead to loss of relapse recovery potential. Aging with MS may imply longer 
exposure to DMTs, although treatment efficacy in patients >55  years has not been 
evaluated in pivotal randomized controlled trials and appears to decrease with 
age. Older individuals are more prone to adverse effects of DMTs, an important 
aspect of treatment individualization. Aging with MS also implies a higher global 
burden of comorbid illnesses that contribute to overall impairments and represent 
a crucial confounder in interpreting clinical worsening. Discontinuation of DMTs 
after age 55, when no evidence of clinical or radiological activity is detected, is 
currently under the spotlight. In this review, we will discuss the impact of aging on 
MS pathobiology, the effect of comorbidities and other confounders on clinical 
worsening, and focus on current therapeutic considerations in this age group.
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Introduction

The field of multiple sclerosis (MS) has grown considerably in the past 25 years, from the 
refinement of the diagnostic criteria to the expansion of the therapeutic arsenal. We now have 
a better understanding of the pathophysiological mechanisms driving clinical worsening and 
early factors impacting prognosis, such as baseline disease characteristics and treatment effect 
modifiers. Knowledge on the clinical potential of biomarkers of disease severity, prognosis, and 
treatment response has also significantly increased. Most of these advances are most useful for 
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the early phases of MS; however, advances in the field of late-stage and 
progressive MS remain modest. With a rapidly aging global population 
and improvement of outcomes with newer MS-specific disease-
modifying therapies (DMTs), the epidemiology of MS has shifted to 
an older than previously described population. According to US-based 
health claims data, MS prevalence estimates demonstrate an overall 
aging of the MS population, with the highest prevalence of the disease 
seen in the 55–65 years age group (1). As an illustrative example, the 
peak age-specific prevalence in Manitoba, Canada, was seen in 
patients aged 35–39 years in 1984 vs. 55–59 years in 2004 (2).

Although the disease course is no longer dichotomized into a 
relapsing–remitting and a progressive course, as there is current 
consensus that progression independent from relapse activity 
(PIRA) starts at the earliest stages of the disease (3–5), natural 
history cohorts suggest that a consistent phase of overt clinical 
disability worsening is observed in most patients around the fifth 
decade of life (6–8). Moreover, patients with a primary progressive 
disease course tend to present at a later age than those with 
relapsing–remitting disease, and pediatric-onset MS almost 
exclusively presents with relapses. Importantly, while most DMTs are 
effective in reducing the acute inflammatory component of the 
disease – and are hence beneficial in younger patients with early 
relapsing–remitting MS, therapeutic options for patients with a 
predominantly progressive course are lacking. Treatment efficacy in 
patients older than 55 years has not been evaluated in pivotal 
randomized controlled trials. Nevertheless, an increasing number of 
large cohort studies have documented decreased DMT efficacy with 
age (9). In clinical practice, detecting a transition from a 
predominantly relapsing to a secondary progressive course is often 
difficult. Clinical disease activity can also be challenging to diagnose 
in older individuals, as aging is associated with a higher global 
burden of comorbid illnesses that contribute to overall impairments 
and represent a crucial confounder in the interpretation of clinical 
worsening (10, 11). Radiological disease activity may also be difficult 
to interpret in patients with cardiovascular risk factors who 
accumulate non-specific microangiopathic lesions on MRI over 
time. Patients often remain in this “transitional zone” for several 
years. Because of the lack of clear clinical practice guidelines in this 
setting (12), DMTs are often continued for decades after the 
diagnosis. Hence, aging with MS may imply longer exposure to 
DMTs and cumulative toxicity of sequential DMTs. On the other 
hand, older individuals are more prone to adverse effects of DMTs 
(13), an important aspect of treatment individualization. In this 
review, we discuss the impact of aging on MS pathology, the effect 
of comorbidities and other confounders on clinical worsening, and 
we focus on current therapeutic considerations in aging MS patients. 
We differentiate between late-onset MS (patients with an onset of the 
disease at an older age) and long-standing MS in aging patients, and 
will solely focus on the latter.

The effect of aging on MS 
pathophysiology

MS pathophysiology

MS is a sex-biased neuroinflammatory and neurodegenerative 
disease of the CNS. The hallmarks of MS neuropathology include 

multifocal areas of demyelination (lesions or plaques), neuroaxonal 
injury/loss, gliosis, inflammation, and infiltration of peripheral 
immune cells. Of note, diffuse neuroglial alterations in non-lesional 
areas, as well as slowly expanding lesions characterized by a rim of 
activated microglia with iron accumulation at the lesion edge, and 
subpial demyelination, are considered relatively unique to MS (14–
18). These neuropathological characteristics, so far not reported in 
other CNS demyelinating disorders, are increasingly associated with 
the distinct course of MS progression occurring independently of 
relapses (18). Spontaneous remyelination is associated with 
improved function and reduced disability in MS, but is generally 
limited, especially in older individuals in the context of chronic 
inflammation, oxidative injury, and accumulation of debris/injury 
(5, 19–22).

Pathophysiological mechanisms underlying MS onset implicate 
the interaction between multiple predisposing genetic risk factors, 
such as the major histocompatibility complex class I and II (MHC 
I and II), polymorphisms, and environmental risk factors, such as 
exposure to EBV, low vitamin D levels, smoking, and obesity (23, 24). 
Major genetic and environmental risk factors for MS onset directly 
and indirectly influence the activation and trafficking of immune cells 
and consequently contribute to the greater risk of MS onset in 
susceptible individuals (25–27). In line with this, therapeutic 
approaches targeting peripheral T and B lymphocytes are highly 
effective, especially in younger people with MS, establishing the 
crucial contribution of peripheral immune cells to CNS 
neuroinflammatory processes in MS.

The biological mechanisms underlying the heterogeneous rate and 
severity of disability accumulation, e.g., the disease course, remain 
however poorly understood. Few genetic risks loci coding for genes 
highly expressed in neuroglial cells and linked to cognitive function 
were recently potentially associated with the severity of MS course, as 
were genetic polymorphisms associated with educational 
achievements, a proxy for cognitive reserve (28). In addition to older 
age being the greatest risk factor for onset of clinically overt 
progression in MS and for incomplete recovery from relapses (4, 29), 
this suggests a major contribution of the neurodegenerative aspects of 
MS to disease course and severity. Considering the increasingly 
recognized contribution of the immune system to other 
neurodegenerative disorders, as well as the modest but significant 
impact of a subset of DMTs on the progressive phase of the disease, 
neurodegeneration in MS is likely fueled by immune and CNS 
processes shaped by age-related alterations that tip the balance 
between immune-mediated injury and repair (5).

Biological aging

Biological aging is characterized by functional decline and loss of 
homeostasis over time. The combined accumulation of damage and 
exhaustion of repair/compensatory mechanisms partake in biological 
aging. Hallmarks of aging such as the accumulation of nuclear and 
mitochondrial DNA mutations, telomere attrition, epigenetic 
alterations, loss of proteostasis, disabled macroautophagy, 
dysregulated nutrient sensing, mitochondrial dysfunction, cellular 
senescence, stem cell exhaustion, altered intercellular communication, 
and gut dysbiosis, contribute to generate the state of chronic low-grade 
inflammation referred to as inflammaging (30).
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Aging alters the innate and the adaptive immune 
systems

As put into light during the SARS-CoV-2 pandemic (31–34), 
biological aging of the immune system leads to a progressive 
deterioration of the capacity to mount an appropriate robust 

immune response, reduced immune surveillance, autoimmunity, 
and excessive levels of pro-inflammatory mediators. 
Immunosenescence affects the innate and adaptive immunity (35, 
36), with a pronounced impact on lymphocytes and on CNS 
resident immune cells, the microglia (Figures 1A-C) (37–39). Aging 

FIGURE 1

Peripheral immune system and CNS alterations associated with aging (A,B created with BioRender.com). (A–C) Summary of the physiological functions 
and characteristics that are altered with age. (A) Immunosenescence in the periphery. Alterations reported as enhanced in patients with MS compared 
with age-matched controls are identified in bold. (B) Physiological mechanisms altered in the aging CNS and potentially relevant to MS pathobiology. 
(C) Physiological functions decreasing (blue triangle) or increasing (orange triangle) with age and associated with inflammaging (in bold: MS-specific 
changes).
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is associated with an altered immune cell output from the bone 
marrow. The volume of hematopoietic tissue within the bone 
marrow decreases as individuals age, and bone marrow 
hematopoietic stem cells exhibit a decreased capacity to self-renew 
and a shift toward myeloid cell differentiation (40, 41). The thymus 
involution starts as early as adolescence and data from animal 
models suggest that male sex hormones accelerate this process (42). 
Therefore, with aging, more neutrophils and monocytes but less T 
and B lymphocytes are generated (43). Despite the increased 
numbers of myeloid cells with aging, defective innate functions are 
observed. The antimicrobial functions, cytokine responses, and 
phagocytosis capacity of neutrophils and monocytes are diminished 
(44). NK cells are also more frequent in older individuals but show 
reduced cytotoxicity and proliferation and an enriched 
pro-inflammatory CD56dim phenotype (45). Similarly, aging 
dampens the capacity of microglia to clear debris and phagocyte 
proteins (46) but increases their production of pro-inflammatory 
cytokines, complement and reactive oxygen species (ROS) (47, 48).

The reduced renewal of T and B lymphocytes is partially 
compensated by homeostatic proliferation, leading to a decreased 
diversity of the T-cell and B-cell receptor (TCR and BCR) 
repertoires upon aging. A recent publication revealed a more 
severe TCR diversity loss in CD8 than CD4 T cells with aging 
(49). The reduced TCR repertoire diversity is associated with a 
diminished capacity to mount an efficient cellular immune 
response targeting encountered pathogens, such as JC virus (50), 
or tumorigenic cells (51). Increased proportions of dysfunctional 
regulatory lymphocytes and of terminally differentiated 
pro-inflammatory T cells are observed upon aging (29). CD4 T 
lymphocytes from older subjects show impaired autophagy and 
mitochondrial dysfunction leading to a Th17 profile (52). 
Moreover, highly differentiated T lymphocytes develop a 
pro-inflammatory phenotype reminiscent of the senescence 
associated secretory phenotype (SASP) (53). Aging is furthermore 
associated with numerous changes in the B cell compartment, 
including an enhanced proinflammatory B cell secretome or 
SASP (43). In the elderly, infection or immunization induces 
antibodies with lower affinity and neutralizing functions, whereas 
autoantibody levels increase. An age-associated specific subset 
coined Age-associated B cells (ABCs) has been shown to 
contribute to the autoantibody secretion (54), notably, ABCs are 
more prevalent in patients with autoimmune diseases, including 
MS (55).

Immunosenescence fuels neurodegenerative 
processes

An increasing number of studies suggest that short telomere 
length in peripheral leukocytes represents a surrogate marker of 
biological aging, associated with an elevated risk of developing 
diseases, including neurodegenerative diseases (56, 57). Senescent 
immune cells cause accelerated systemic aging and are associated with 
organ damage including in the CNS (48, 58–60). In particular, 
dysfunctional aged myeloid cells contribute to neurodegenerative 
processes and age-related cognitive decline in multiple diseases such 
Alzheimer’s disease, Parkinson’s disease, amyotrophic lateral sclerosis, 
and MS (61, 62). Exposure to rejuvenating interventions and to young 
bone marrow-derived immune cells can attenuate the age-related 
myeloid cell dysfunctions in animal models (63–65). Moreover, NK 

cells could accumulate in the dentate gyrus upon aging and show 
cytotoxicity towards neuroblasts, impairing synaptic plasticity and 
promoting cognitive decline (66). Interestingly, CD8 T lymphocytes 
showing clonal expansion are found in neurogenic regions of old 
animals, and their interferon-γ production could interfere with neural 
stem cell proliferation (Figure 1B) (67). Moreover, Th17 cells, which 
are increased upon aging, are implicated in a deleterious crosstalk with 
senescent cells such as fibroblasts (68). Notably, Th17 cells can form 
prolonged contact with oligodendrocytes in neuroinflammatory 
conditions and induce loss of distal myelinating processes followed by 
oligodendrocytic cell death (69).

Multiple age-related mechanisms can reduce the remyelination 
and neuroregeneration capacity observed in the elderly. Age-related 
sex hormone deficiencies, e.g., menopause and andropause, contribute 
to alterations in peripheral and central immune cell response and 
influence neurodegenerative processes (70). Increased oxidative stress, 
impaired phagocytosing capacity of myeloid cells (microglia and 
macrophages) (71), alterations in mitochondrial function and myelin 
biology, and reduced functionalities (migration, proliferation, 
differentiation) of oligodendrocyte precursor cells (72) have been 
identified as culprits in impaired remyelination (Figure 1B). Moreover, 
decreased neurogenesis, compromised support from astrocytes (73), 
reduced synaptic density, and maladaptive neuronal network 
alterations (48) participate in the age-related impaired 
neurodegeneration. Neural progenitor cells from subjects with 
progressive MS express markers of cellular senescence in situ and in 
vitro, and their secretome induces expression of senescence genes in 
OPCs and inhibits their differentiation (Figure  1B) (74). Recent 
studies suggest that aging of neuroglial cells shapes the clinical course 
and immune response in an animal model of MS (37). Therefore, 
concomitant age-sensitive processes in the peripheral immune and 
CNS compartment could contribute to the clinical and immunological 
shift seen over time in people with MS, from a relapsing to a 
progressive form. Such coexistent processes parallel a shift from 
aberrant peripheral immune cell activation and immune cell CNS 
infiltration to the subsequently intrathecal/diffuse CNS inflammation 
observed in later phases of MS.

Evidence of immunosenescence in MS
Telomere length shortening, a hallmark of biological aging of 

immune cells, is more pronounced in MS compared to age-matched 
controls (75). Shorter leukocyte telomere length is also associated with 
an increased risk of clinical progression over time (76). In line with 
this, the proportion of naïve T lymphocytes is reduced in MS 
compared to age-matched controls, and this alteration is observed 
even in pediatric MS cases (77). Antigen-experienced CD28neg T cells 
exhibiting cytotoxic properties are observed in MS peripheral blood 
and CNS lesions (29). Other studies reported premature senescent 
expression patterns of age-sensitive immune markers by CD8 T 
lymphocytes from young MS patients (78). Pender et al. observed a 
reduction in the proportion of CD8 T cells producing interferon-
gamma in response to autologous EBV infected cells in older patients 
compared with healthy donors (79). One group recently documented 
that the percentage of naïve CD4 T lymphocytes was lower, while the 
proportion of effector memory counterparts was higher in MS patients 
compared with healthy donors across ages (77). They also reported 
that the proportion of T lymphocytes expressing activation and 
cytotoxicity markers linked to aging is increased in MS patients (77). 
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Finally, pro-inflammatory age-associated B cells are more frequent in 
MS patients before the age of 60 years than in age-matched 
controls (55).

Factors driving premature immunosenescence 
and neurodegeneration in MS

Numerous factors have been proposed as drivers of 
immunosenescence. Repeated antigen encounters, such as seen in 
autoimmune diseases and in chronic viral infections, accelerate 
immunosenescence (80, 81). Multiple MS risk or prognostic factors 
such as viral infections, smoking, obesity, and sedentary lifestyle can 
accelerate immunosenescence and CNS dysfunction.

Smoking and obesity are associated with increased markers of 
DNA damage and telomere shortening in peripheral blood cells 
(82). Obesity is associated with peripheral and CNS inflammation, 
lower synaptic plasticity, and accelerated brain atrophy (83). 
Obesity speeds up T cell immunosenescence, including thymic 
involution (84) and enhances the proportion of peripheral blood 
memory CD4 and CD8 T cells (85). In fact, the complications of 
obesity, e.g., the metabolic syndrome, are associated with a state of 
chronic inflammation (metaflammation) similar to inflammaging, 
suggesting overlapping mechanisms and causes between 
inflammaging and metaflammation (86).

Interestingly, exercise is one of the most effective anti-aging 
interventions; it has profound effects on the immune system and the 
CNS (87). Exercise increases thymic output, skew myeloid cells 
towards an anti-inflammatory phagocytosing phenotype, boosts 
immune responses to pathogens and limits clinical manifestations of 
latent viruses, autoimmunity and inflammation (36). In addition, 
exercise is associated with better brain microstructural integrity and 
lower retinal and hippocampal atrophy in patients with MS (88). 
Notably, exercise decreases CNS inflammation and promote 
remyelination in MS mouse models (89). In addition to exercise, 
effective anti-aging dietary/metabolic interventions, such as 
intermittent fasting (90), metformin (91), and methionine restriction 
(92), ameliorate inflammation, remyelination and disease course in 
MS and its animal models. Shared mechanisms between exercise and 
dietary interventions include a beneficial impact on gut microbiota 
composition. Gut dysbiosis is indeed observed upon aging and is 
considered to precede onset of multiple age-related comorbidities and 
contribute to immunosenescence (Figure 1C) (93). MS and other 
autoimmune diseases are associated with gut dysbiosis, which is 
considered to contribute to skew the immune system towards a 
pro-inflammatory response (94). The composition of the gut 
microbiota is further modulated by obesity, diet, exercise and DMTs 
(93). Interventions aimed at restoring a healthy gut microbiota 
environment are promising nonpharmacological avenues to improve 
age-related comorbidities, inflammation and subsequently 
MS outcomes.

Confounders of clinical worsening 
with aging

The total burden of illnesses increases with age, leading to the 
higher prevalence of several common diseases such as hypertension, 
coronary heart disease, osteoarthritis, cancers, Alzheimer’s disease, 
among others. This increase also affects aging MS patients who suffer 

from an already lower than average health status. Comorbidities have 
an important functional impact independent of MS and may explain, 
at least in part, the heterogeneity in outcomes between individuals 
(11). The presence of comorbid disorders is particularly important in 
the interpretation of new symptoms in aging MS patients. 
Neurologists must ascertain whether a decline in function is 
attributable to worsening MS or comorbid illnesses, which has an 
impact on treatment strategies. Comorbidities also directly affect the 
MS course. In a 3-year longitudinal study, comorbidities significantly 
impacted clinical outcomes (specifically, patient-reported outcome 
measures and timed 25-foot walk scores) in a real-world MS cohort, 
and a cumulative effect with multiple comorbidities was observed 
(95). Cardiovascular comorbidities in particular may promote 
neurodegenerative processes, as observed in some studies showing 
accelerated brain atrophy among individuals with hypertension (96). 
In a retrospective US observational cohort, age-related comorbidities 
such as cardiovascular risk factors, osteoarthritis, osteoporosis, 
glaucoma, and cancer were highly prevalent in MS, particularly in 
patients older than 65 years (97). The presence of multiple 
comorbidities in an individual patient was also highly prevalent in 
this MS cohort (97).

Cardiovascular comorbidities

Multiple sclerosis patients are at a higher risk than the general 
population to develop cardiovascular comorbidities such as 
hypertension, diabetes, dyslipidemia, ischemic heart disease, and 
cerebrovascular events (98). In a recent population-based retrospective 
matched cohort study from England, the risk of acute coronary 
syndrome, and cerebrovascular disease was approximately 30% higher 
in patients with MS than in the general population (99). A 3.5-fold 
increased hazard of all-cause mortality and a 1.5-fold increased hazard 
in cardiovascular disease-related mortality was also observed in this 
cohort (99). Similar results were observed in other cohorts (100). In a 
large population-based study using administrative data from four 
Canadian provinces, the incidence of diabetes in the MS population 
appears to be increasing more than in the general population (101). 
Interestingly, MS-related disability was associated with an increased 
risk of acute myocardial infarction in a Canadian MS cohort, which 
probably reflects sedentarity, lower exercise levels, and associated risk 
of obesity (100). The increased risk of cardiovascular events in MS 
might not be explained by a higher risk of cardiovascular risk factors 
alone, as MS cohorts were matched to controls after adjusting for age, 
sex, race, socioeconomic status, traditional risk factors, and 
antihypertensive treatments, statin use, and antiplatelets use (99, 100). 
It is postulated that chronic inflammation in MS and several other 
inflammatory diseases such as rheumatoid arthritis contribute to 
increasing the cardiovascular risk in addition to traditional risk 
factors, although treatment-related effects cannot be  excluded 
(100, 102).

The radiological correlate of the effect of cardiovascular 
comorbidities on the CNS is reflected by the accumulation of 
sub-cortical white matter abnormalities often referred to as 
microvascular changes. The pathogenesis of lesion formation in this 
case results from endothelial injury, decreased perfusion in distal 
arterioles, ischemia, and disruption of the blood–brain barrier 
(103). Features of microvascular lesions on brain MRI include acute 
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or sub-acute small subcortical infarcts seen on diffusion imaging, 
chronic lacunar infarcts mostly in the deep white and grey matter, 
sub-cortical white matter hyperintensities, enlarged perivascular 
spaces, microbleeds on susceptibility-weighted imaging, and global 
atrophy. Supratentorial MS lesions are typically ovoid 
periventricular, or juxtacortical. However, lesion formation in the 
sub-cortical regions is not uncommon with MS and the distinction 
can be  difficult in practice (103). Differentiating microvascular 
lesions secondary to cerebral small vessel disease from new MS 
lesions is a key component in the evaluation of treatment response 
in older individuals with cardiovascular comorbidities. Although 
age-related whole brain and focal atrophy occur in all individuals 
with or without cardiovascular comorbidities, excess atrophy 
beyond what is expected from normal aging is seen in both MS and 
cerebrovascular disease. While MS-related atrophy is the main 
driver of global and focal brain volume loss in young individuals, 
the rate of normal aging increases and becomes the predominant 
contributor of atrophy after the age of 60 years (104). This has 
important implications when interpreting worsening atrophy in an 
older individual with long-standing MS.

Osteoarticular comorbidities

Reduced bone mineral density is more frequent in patients with 
MS since corticosteroid use and reduced mobility are known risk 
factors for osteoporosis (105). Combined with the fact that the risk of 
falls is increased in long-standing MS, aging patients are predisposed 
to fractures. Osteoarthritis and lower back pain are common in aging 
MS patients, affecting around 20–25% of those older than 65 years 
(97). Osteoarticular-related mobility impairment and pain is 
important to distinguish from MS-related worsening and can be the 
main disabling symptom in some patients. However, aging individuals 
in general are also at higher risk of gait imbalance, falls, and osteo-
articular disorders, even without known neurological diseases, hence 
the influence of aging, polypharmacy, and comorbidities on disability 
measures could be  significant. As an important illustrative point, 
aging individuals without MS or other neurological conditions also 
demonstrate high level of disability on the Expanded Disability System 
Score (EDSS), the most commonly used measure of disability in 
MS. Lynch et al. report an EDSS ≥4 in a third of individuals without 
MS who are 55 years or older, associated with impairment in all 
functional system scores of the EDSS, except the cerebellar and visual 
components (106).

Dementia

Both aging and long-standing MS independently impact cognitive 
functioning (107). Moreover, as patients age, several comorbid 
symptoms and disorders can contribute to patient-perceived cognitive 
impairment such as polypharmacy, poor sleep, depression, anxiety, 
and fatigue. With age, the risk of Alzheimer’s disease (AD) and related 
dementias, as well as vascular dementia, increases in the general 
population (and in individuals with MS), which can be difficult to 
distinguish from MS-related cognitive impairment (108). AD is 
common in individuals >65 years old, and its prevalence is increasing 
with longer life expectancy in the Western world. In a large US 

retrospective cohort using private claims data, Mahmoudi et al. found 
that the incidence of early-onset AD and related dementias diagnosis 
was higher in individuals with MS aged 45–64 years and >65 years 
compared to non-MS individuals after adjusting for key confounders 
(109). This data suggests that MS patients may be at a greater risk of 
AD and related dementias, but is largely confounded by the high 
probability of misdiagnosis in this setting (i.e:, MS-related condition 
vs. AD) (109). Indeed, the major obstacle in identifying coexisting AD 
in an aging MS patient is the challenge of diagnosing AD in general, 
since a definitive diagnosis relies on post-mortem histopathological 
confirmation. Rare case reports and case series of probable or definite 
AD in MS patients have been published (110). As an example, cortical 
lesions containing amyloid plaques and neurofibrillary tangles 
suggestive of AD were found in 11 out of 67 patients with long-
standing inactive MS in an autopsy case series (15). In practice, the 
differential diagnosis relies on the identification of different cognitive 
phenotypes and, when available, the use of paraclinical testing such as 
PET imaging and CSF biomarkers. AD often presents with deficits in 
episodic and semantic memory, executive functioning, apraxia, and 
agnosia (cortical dementia) and evolves in most cases to moderate to 
severe dementia, whereas MS-related cognitive dysfunction often 
involves processing speed, verbal memory, and visual memory 
impairments and dementia is rarely seen (111). Comparing cognitive 
phenotypes between patients with MS, patients with amnestic mild 
cognitive impairment, and healthy individuals all aged 60–80 years, a 
study showed that MS patients had poorer performance on measures 
of processing speed, but better performance on cued memory, 
language, and executive function tests compared to patients with 
amnestic mild cognitive impairment (112). Vascular cognitive 
impairment secondary to microvascular changes is highly variable but 
is generally associated with poor executive function and impaired 
processing speed and can evolve slowly into an insidious sub-cortical 
dementia (108). Due to the high inter-individual variability of 
cognitive phenotypes particularly in MS and vascular-related cognitive 
impairments, the diagnosis remains a challenge in clinical practice.

Frailty

Frailty is defined as a state of increased vulnerability resulting from 
aging-associated decline in reserve and function across multiple 
physiologic systems which occurs with age. Fried et al. operationally 
defined that frailty is reached with three out of five phenotypic criteria: 
low grip strength, low energy, slowed walking speed, low physical activity, 
and unintentional weight loss (113). A pre-frail stage, in which one or two 
criteria are present, identifies a subset at high risk of progressing to frailty. 
Frailty, which often accompanies aging in the general population, has a 
negative impact on the invalidity level in MS (114). Frailty carries an 
increased risk for poor health outcomes, including falls, incident disability, 
hospitalization, and mortality. To date, it is unclear if frailty is a reliable 
marker of handicap and morbidity related to MS.

Treatment efficacy in aging MS 
patients

Pivotal randomized controlled trials leading to the approval and 
wide use of MS-specific DMTs have systematically excluded 
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individuals >55 years old. However, as already mentioned, these 
individuals represent the majority of MS patients in real-world 
settings (1). The age discrepancy between individuals with MS 
included in regulatory trials and real-world clinical practice is 
concerning when considering treatment efficacy in this age 
group (115).

There is increasing evidence to support an age-dependent 
decrease in the efficacy of DMTs, which is consistent with the 
pathophysiological changes associated with aging combined with the 
fact that approved DMTs exert their efficacy via their anti-
inflammatory properties. The majority of trials evaluating the efficacy 
of DMTs in progressive MS, particularly without evidence of clinical 
or radiological activity, have shown negative results. In a meta-analysis 
of all randomized clinical trials (including more than 28,000 
participants) evaluating the efficacy of DMTs and using a complex 
statistical approach, Weideman et al. reported a strong decrease in the 
efficacy of DMTs on MS-related disability progression with advancing 
age, with chronological age explaining a large proportion of the 
variance in inhibition of disability progression (9). The regression 
model predicted no efficacy beyond the age of 53 years. Moreover, 
higher efficacy DMTs were superior to platform therapies only in 
patients younger than 40.5 years (9). However, in another large real-
word study, high-efficacy DMTs appeared to be superior until the age 
of 54.2 years (116). Age was a better predictor of lower benefit on 
disability progression than baseline EDSS (9). Despite several 
limitations related to the representativeness of subjects included in 
trials, this meta-analysis highlights the differential efficacy of DMTs 
based on age. Conversely, another meta-analysis using data from 26 
trials of 14 different DMTs showed no significant associations between 
age and efficacy in reduction of inflammatory activity markers 
(annualized relapse rate (ARR), new T2 lesions, and gadolinium-
enhanced lesions) between active and comparator groups. This can 
be explained by the inclusion of patients with baseline disease activity 
in these trials, therefore not representing real-world patients with 
RRMS above a certain age. In a Canadian population-based 
observational study using linked administrative health data and 
including more than 19,000 MS patients, a protective effect of DMTs 
on hospitalization rate was observed in subjects <55 years but the risk 
was not significantly lowered in those >55 years (117).

Subgroup analyses of the comparative DMT effectiveness based 
on age were conducted in most phase 3 pivotal trials (115) and are 
summarized in Table  1. Most DMTs show little to no effect on 
disability progression in patients older than 40 years compared to 
comparator arms. A positive effect on markers of disease activity such 
as the ARR is seen in patients >40 years in several but not most trials 
(ex: Natalizumab trials AFFIRM and SENTINEL, Dimethyl fumarate 
trial DEFINE  - but not in CONFIRM, and in the Peginterferon 
Beta-1a ADVANCE trial). Again, this can be  explained by the 
inclusion of patients with baseline disease activity in most trials.

Siponimod and ocrelizumab were evaluated in slightly older 
populations. The phase 3 Siponimod clinical trial (EXPAND) included 
patients up to 60 years of age with SPMS (122). The mean age in this 
cohort was 48 years whereas, in other trials, the mean age varied 
between 33 and 38 years old (130). The majority (64%) of patients had 
no clinical relapse in the past 2 years and around half needed assistance 
for walking, therefore including an underrepresented population in 
previous trials. Siponimod was superior to placebo in reducing the 
risk of disability progression as measured by the EDSS (but not the 

timed 25-foot walk test), radiological activity, and percent brain 
volume loss compared to placebo. The effect on confirmed disability 
progression was seen in patients younger and older than 50 years 
(Poster presentation by Hua L. et al. at the American Academy of 
Neurology meeting in 2022, P5.002). CONSONNANCE, an ongoing 
open-label single-arm study evaluating the efficacy of ocrelizumab in 
patients with SPMS and PPMS, is the first trial including patients up 
to 65 years old (131). Primary outcome measures include No Evidence 
of Progression (NEP) defined as the absence of 24-weeks confirmed 
clinical progression (measured by a clinically significant increase in 
the EDSS score, the timed 25-foot walk test, or the nine-hole peg test) 
and No Evidence of Progression or Active Disease (NEPAD) defined 
as NEP plus the absence of relapses or radiological activity. The mean 
age in this study was 48.5 years. In the year-1 interim analysis, 
ocrelizumab was effective in maintaining NEP in >70% and NEPAD 
in approximately 58% of patients with SPMS and PPMS. The relatively 
high proportion of patients not meeting NEPAD at year one is 
explained by the therapeutic lag expected with the drug, as new/
enlarging MRI lesions in the first 6 months were the main driver of 
NEPAD. However, this suggests that subjects included had some 
degree of inflammatory activity, therefore not representing real-world 
cohorts of patients with long-standing progressive MS.

Treatment safety in aging MS patients

Risks associated with disease-modifying 
therapies

As discussed in the first section of this paper, biological aging-
related qualitative and quantitative changes in the immune system 
are associated with decreased ability to counter infections and 
cancers. Added to treatment-specific immunomodulation and 
immunosuppression, older individuals are at higher risk of adverse 
events with prolonged DMT use (13). As patients age, they might 
also be  exposed to a higher number of DMTs with different 
mechanisms of action and this cumulative effect is not without risks. 
In general, older individuals are more prone to serious adverse 
events, in particular severe adverse events (132–135). An important 
example is the risk of progressive multifocal leukoencephalopathy 
(PML), mostly associated to the use of natalizumab but with other 
DMTs as well. Older age is an independent risk factor for developing 
PML. Older individuals are more likely to develop PML after a lower 
number of natalizumab infusions and have higher mortality rates 
(50, 136, 137). De novo infections and reactivation of latent viruses 
also occur more frequently in older individuals both in the general 
population and in MS. Particularly, the risk of varicella zoster virus 
associated to shingosine-1-phosphate receptor modulators, 
cladribine, and alemtuzumab increases with age (13). The risk of 
grade 3 lymphopenia with dimethyl fumarate use increases with age, 
and dimethyl fumarate-associated PML risk is related to severe 
lymphopenia (98). B-cell depleting therapies are associated with a 
higher risk of infections than interferon-based preparation, 
glatiramer acetate, fingolimod, and natalizumab, particularly in 
older individuals with comorbidities (138). The risk of serious 
infection with these therapies is partially correlated to the degree of 
associated hypogammaglobulinemia (139). This risk can 
be  mitigated by monitoring immunoglobulin levels while on 
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treatment. Reactivation of latent hepatitis B is a known risk of B-cell 
depleting therapies but does not seem to be affected by age. During 
the COVID-19 pandemic, MS patients on B-cell depleting therapies 
such as ocrelizumab and rituximab had worse outcomes than those 
on other DMTs, even after adjusting for age and other confounders 
(140, 141). Age, progressive MS phenotype, higher disability, and the 
presence of comorbidities were often associated with poorer Covid-
19-related prognosis in MS cohorts (140–143). Importantly, vaccine 
responses are significantly blunted in patients on B-cell depleting 
therapies and fingolimod (144), added to an age-dependent 
decreased immune response even in healthy individuals (34).

Older individuals are also more susceptible to several 
non-infectious adverse events of DMTs. For example, hypertension 
is a potential adverse event of teriflunomide and fingolimod, and is 
also more frequent with aging. The negative chronotropic effects of 
fingolimod might also be  age-dependent, at least in mice (145). 
Patients with type 2 diabetes, which becomes more frequent and 
more commonly associated with end-organ damage with aging, are 
more prone to fingolimod-related macular oedema. There are 
conflicting data regarding the risk of cancer in MS in general, with 
some studies (including a recent meta-analysis) reporting a lower risk 
of cancers in MS patients (146), and others a similar or slightly 
increased risk compared to the general population (147, 148). Cancer 
risk also increases with age and can be potentiated by the use of 

certain DMTs (148). For example, there is an increased risk of 
non-melanoma skin cancers with the use of fingolimod. B-cell 
depleting therapies, alemtuzumab, and natalizumab have also been 
associated with various cancers, but the evidence for causality is less 
robust. Despite the initial concern of increased carcinogenesis with 
cladribine, subsequent data showed no increase in risk of secondary 
malignancies (148). The overall cancer risk is probably not higher 
with exposure to IFN-b, glatiramer acetate, teriflunomide, and 
dimethyl fumarate (148–150).

Risk of polypharmacy

Polypharmacy, commonly defined as the concomitant use of at 
least 5 medications, is observed in up to 35 to 50% of adults 
>65 years of age in North America (151, 152). Polypharmacy is a 
major public health concern globally, and is associated with an 
increased risk of drug–drug interactions and adverse events, lower 
quality of life, worsening disability and cognitive function, and 
increased hospitalization rates (152). Older adults with multiple 
comorbidities might be more prone to slowed drug metabolism, 
side effects, adverse events and drug interactions. Adverse events 
are estimated to be  the 14th leading cause of morbidity and 
mortality in the world as per the WHO (153). Moreover, the 

TABLE 1 Reported post hoc sub-group analysis from pivotal phase 3 trials of different DMTs based on age.

Treatment Trial Age-based effect on disease activity 
markers

Age-based effect on the risk of 
confirmed disability progression

Teriflunomide TEMSO (118) Significant reduction of the ARR in patients <38 and 

≥38 years vs. placebo

Reduction of the risk of disability progression only in 

patients <38 years vs. placebo

Dimethyl fumarate DEFINE (119)

CONFIRM (120)

Significant reduction in the ARR in patients <40 

and ≥ 40 years vs. placebo

No significant reduction in the ARR in patients ≥40 years vs. 

glatiramer acetate

Reduction of the risk of disability progression only in 

patients <40 years vs. placebo

No reduction in the risk of disability progression in both age 

groups (<40 and >40 years) vs. glatiramer acetate

Fingolimod FREEDOMS (121) No significant reduction in the ARR in patients ≥40 years vs. 

placebo

No reduction in the risk of disability progression in both age 

groups vs. placebo

Siponimod EXPAND (122) – Significant reduction in the risk of disability progression in 

patients <50 and years ≥50 years vs. placebo

Ozanimod SUNBEAM (123) 

and RADIANCE 

(124)

No significant reduction in the ARR in patients ≥40 years vs. 

IFN-b1a

No reduction in the risk of disability progression in both age 

groups vs. placebo vs. IFN-b1a

Cladribine CLARITY (125) Significant reduction in the odds of remaining free of disease 

activity in patients <40 and ≥40 years vs. placebo

Significant reduction in the risk of disability progression in 

patients <40 and years ≥40 years vs. placebo

Ocrelizumab OPERA I and II 

(126)

OROTARIO (127)

No significant reduction in the ARR in patients ≥40 years, 

but significant reduction in NEDA rates in both sub-groups 

vs. IFN-b1a

Significant reduction in the ARR in patients <45 and 

≥45 years vs. placebo

Significant reduction in the risk of disability progression in 

patients <40 and years ≥40 years vs. IFN-b1a

Significant reduction in the risk of disability progression in 

patients <45 and ≥45 years vs. placebo with a notable trend 

to benefit younger subjects

Ofatumumab ASCLEPIOS (128) Significant reduction in the ARR in patients <40 and years 

≥40 years vs. teriflunomide

Significant reduction in the risk of disability progression in 

patients <40 and years ≥40 years vs. teriflunomide

Natalizumab AFFIRM and 

SENTINEL (129)

Significant reduction in the ARR in patients <40 and 

≥40 years vs. placebo in AFFIRM and in combination with 

iINF-b1a vs. INF- b1a alone in SENTINEL

Reduction of the risk of disability progression only in 

patients <40 years vs. placebo in AFFIRM and in 

combination with INF-b1a vs. INF-b1a alone in SENTINEL

ARR, annualized relapse rate; INF, interferon; NEDA, no evidence of disease activity.
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estimated prevalence of hospitalizations due to drug interactions-
related morbidity is around 1% (154). Patients with chronic diseases 
such as MS are at higher risk of polypharmacy, mainly secondarily 
to the use of symptomatic therapies. In a large Canadian population-
based study, using administrative and pharmacy data in the 
universal healthcare setting of British Columbia, 28% of MS patients 
met the criteria of polypharmacy, and more than 2/3 of these were 
exposed to polypharmacy for more than 180 days in 2017 (155). 
Patients in the polypharmacy group had a significantly higher odd 
of hospitalizations compared to the non-polypharmacy group. 
Additionally, one in 20 MS patients were treated with ≥10 
medications. Within those exposed to polypharmacy, 82% were 
older than 50 years. Compared to those aged <50 years, the odds of 
being exposed to polypharmacy was 2 times higher in MS patients 
aged 50–64 years, and more than three times higher in those 
≥65 years. MS patients with 1–2 or ≥3 comorbidities had 3- and 
6-times higher odds, respectively, of being exposed to 
polypharmacy. Interestingly, women and people with lower socio-
economic status were also at higher risk of polypharmacy in this 
cohort. Anti-depressants followed by antiepileptics with analgesic 
properties (pregabalin, gabapentin, clonazepam), proton-pump 
inhibitors, lipid-lowering agents, centrally-acting muscle relaxants, 
ACE inhibitors, opioids, and thyroid medication, were the most 
commonly prescribed drugs in this study; this is consistent with a 
larger scale Medicare study in the US (156).

Polypharmacy is associated with poorer outcomes in MS 
patients. For instance, the risk of falls seems to be higher. In a post 
hoc analysis of data from two observational cohorts from the US 
and Australia, the adjusted odds of falling increased by 13% with 
each additional medication used (157). This increase was even more 
pronounced with centrally-acting drugs, specifically anti-
depressants. In this study, the use of MS-specific DMTs decreased 
the risk of falls. In another prospective study, in which 85 MS 
patients were evaluated for depression, fatigue, self-reported 
cognitive functioning, and objective cognitive tests, those exposed 
to polypharmacy had increased fatigue and poorer self-reported 
cognitive functioning and performances on objective memory tests 
(158). People with MS are also more prone to potential drug–drug 
interactions which are more frequent in older individuals with a 
longer disease duration and higher EDSS scores (159).

The consequences of polypharmacy remain underrecognized 
among patients with MS and should be  taken into account when 
evaluating older patients who are experiencing new or worsening 
symptoms. As suggested by Bourdette et al., polypharmacy should 
be highlighted in the problem list, when appropriate, to incite routine 
evaluation of medication lists (160). Specifically, the efficacy of MS 
symptomatic therapies should be  periodically revised and 
discontinuation of treatment with no or little benefit should 
be encouraged while promoting non-pharmacological interventions 
to address pain, spasticity, poor sleep, and fatigue.

Trends in DMT use in older MS 
patients

In practice, neurologists are often confronted with the decision to 
either maintain, escalate, de-escalate, or discontinue therapies in 
patients with long-standing disease who are 55 years or older. There 

are currently no evidence-based guidelines on treatment in this age 
group, and treatment decisions should remain individualized in a 
case-by-case approach. The European Academy of Neurology and 
American Academy of Neurology practice guidelines do not clearly 
address the indication of DMT de-escalation or discontinuation. Some 
patients with RRMS continue to have active disease despite their age 
and long disease duration, whereas a majority either have stable 
disease or evolve into a secondary progressive course as illustrated in 
the clinical vignettes (Figures 2,3).

FIGURE 2

A 61-year-old man was evaluated for new neurological symptoms 
suggestive of a relapse. He was diagnosed with RRMS in 1998 after 
two episodes compatible with sub-acute sensory myelitis in 1994 
and 1998. He did not receive any treatment for his MS between 1998 
and 2019. Between 2000 and 2008, he had a couple of episodes 
suggestive of mild relapses. He had also noticed some progressively 
worsening gait instability and cognitive difficulties over the past few 
years, In April 2019 (at the age of 57), he experienced transient 
tingling followed by mild weakness and ataxia of the left upper 
extremity which resolved spontaneously over 5 weeks. Brain MRI 
showed 2 new lesions, one in the right juxtacortical posterior frontal 
lobe in the precentral gyrus explaining his symptoms. He was started 
on dimethyl fumarate 240 mg BID. He was doing well until August 
2020 (at the age of 58 years), when he experienced tingling in the 
RUE associated with worsening cognitive difficulties. Repeat MRI 
showed 2 new lesions in the supratentorial regions. He was switched 
to oral cladribine without new clinical events or new radiological 
activity. This case highlights that although rare, some patients have 
continued disease activity despite an older age and longer 
disease duration.
(A) Axial FLAIR sequences of brain MRI in April 2019 showing 2 new 
lesions (arrows) compared to prior MRI in 2017, and concomitant 
with a relapse (weakness and proprioceptive ataxia of the left upper 
extremity). (B) Axial FLAIR sequences of brain MRI in August 2020, 
13 months after starting dimethyl fumarate, showing 2 new lesions 
(yellow arrows) compared to MRI in April 2019, with a decrease in 
size of the right posterior frontal lesion seen on prior MRI (green 
arrow) concomitant to a relapse: weakness of LUE and LLE.
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Treatment de-escalation

Little is known about de-escalation strategies in MS. The 
theoretical logic of de-escalation is based on the fact that the 
probability of disease activity is the highest in the first 5–10 years, 
and DMTs are mostly effective during this period (116). In a 
recent study, Vollmer et al. report a lower probability of disease 
activity in patients on higher-efficacy infusible DMTs vs. oral 
therapies until the age of 54.2 years, after which the difference in 
efficacy becomes non-significant (116). For this reason, 
de-escalation should be considered in older patients with stable 
disease, especially those at risk of serious adverse events (for ex: 
a patient with hypogammaglobulinemia on a B cell- depleting 

therapy). De-escalation can be  done by switching to a lower 
efficacy DMT with more favorable safety profile before 
considering treatment discontinuation. However, whether the 
decrease in the risk of rebound disease activity is not 
counterbalanced by the safety and tolerability issues of cumulative 
exposure to DMTs is unclear. Another approach is de-escalation 
by interval extension for infusible DMTs (161, 162). The latter 
could offer the benefit of preserved efficacy with a reduced risk 
of adverse effects based on observations from the natalizumab 
and rituximab interval extension studies (161, 162). As proposed 
by Vollmer et  al. de-escalation strategies developed to  
match the probability of disease activity across the lifespan  
need to be  studied using randomized controlled  
trials (116).

Treatment discontinuation

The risk of treatment discontinuation should take into account 
the annualized relapse rate and the presence or absence of radiological 
activity on MRI in the recent years. Continued progressive worsening 
despite treatment is not an uncommon reason to discontinue DMTs 
in patients with secondary progressive MS. DMT-specific 
considerations should also be  factored in, for example, a careful 
evaluation of the risk of long-lasting immunosuppression with B-cell 
depleting therapies, alemtuzumab, and cladribine in infection-prone 
patients with advanced MS. Discontinuing DMT in older patients 
appears to have no effect on quality of life measures based on a three-
center study comparing those outcomes between stoppers and stayers 
in a cohort of 600 MS patients above the age of 60 (163). Importantly, 
patients’ perspective on treatment discontinuation should 
be considered. Reluctance on treatment discontinuation is frequent 
in patients who have been stable for many years and are tolerating 
their therapies. A recent study evaluated patient-perspective on 
treatment discontinuation using a survey sent to patients from the 
North American Research Committee on Multiple Sclerosis 
(NARCOMS) registry who were ⩾45 years and on their most recent 
DMT for ⩾5 years (164). The mean age of respondents was 
approximately 56 years (164). In this study, 66.3% of respondents 
were unlikely or very unlikely to accept DMT discontinuation (164). 
In our experience, patients who are stable are usually more reluctant 
to treatment discontinuation compared to those with continued 
disability worsening.

Based on the observation of a lower benefit and potentially higher 
risk profile of DMT use in aging MS patients, recent research has 
focused on determining when and how to discontinue DMTs in older 
individuals. The DISCOMS (Discontinuation of Disease Modifying 
Therapies in MS) trial (NCT# 03073603) is the first randomized 
controlled trial evaluating the risk of disease activity after treatment 
discontinuation across 20 centers in the USA. The methodology of this 
trial was based on a non-inferiority analysis and the primary outcome 
was the combined measure of relapse and/or new T2 lesion on brain 
MRI. Other secondary and tertiary outcomes were also analyzed 
(6-months confirmed EDSS worsening, Symbol-Digit Modalities Test 
(SDMT) scores, and patient-reported outcome measures). Patients 
were randomized (1:1 by site) to either continue or discontinue their 
DMT. Clinical evaluation (relapse occurrence and EDSS scores), as 
well as MRI interpretation was performed by blinded raters. Mean 

FIGURE 3

A 66-year-old woman was evaluated to establish care in our clinic. 
She was diagnosed with RRMS in 2002 after an episode compatible 
with sub-acute sensory myelitis. She was a participant in a 
Natalizumab trial, and was treated with this drug between 2003 and 
2006. She experienced a relapse in 2007 after Natalizumab 
discontinuation, and was started on interferon beta1-a IM once a 
week between 2007 and 2015. She had a pseudo-relapse in 2014 in 
the context of acute illness. She did not report subacute symptoms 
since 2014, however she has noticed progressively worsening gait 
difficulties over the past few years, which she attributes to 
invalidating mechanical lower back pain related to severe spinal 
stenosis and degenerative disk disease. She continues to have flu-like 
symptoms after each interferon injection which last 12 to 24 hours. 
Her brain MRI in 2022 (at the age of 65) is stable compared to her 
MRIs between 2015 and 2019, except for a mild worsening of whole 
brain atrophy. After explaining the risks and benefits of treatment 
discontinuation, we decided to discontinue her interferon treatment. 
She has been clinically stable since. This case highlights that 
treatment discontinuation is a reasonable option in older patients 
with long standing disease duration and no clinical/radiological 
activity. 
Axial FLAIR sequences of brain MRI in July 2022 showing extensive 
lesions in the supratentorial regions which were stable in number 
and size compared to prior MRI in 2017, associated with diffuse brain 
atrophy.
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follow-up time was 22.4 months. Included individuals (n = 259) were 
55 years or older of any MS phenotype, had no relapse in the past 
5 years, no new MRI lesions in the past 3 years, and were continuously 
treated with an approved DMT for at least 5 years, with the most 
recently used DMT for at least 2 years. The mean age of this cohort was 
63 years, with a majority of women and RRMS phenotype. Most 
patients had longstanding (mean disease duration of 22.2 years) and 
stable (mean time since last documented relapse of 14 years) disease. 
Around 75% of subjects were treated with low-efficacy injectable 
therapies (interferon beta1a or 1b or glatiramer acetate) or 
teriflunomide. The combined occurrence of disease events was 4.69% 
vs. 12.21% (p = 0.521) meaning that non-inferiority was not 
demonstrated for this combined outcome. Relapses occurred in 0.78% 
of subjects in the group of patients who continued their DMT and 
2.29% in the group who discontinued their DMT (p = 0.005), which 
implies non-inferiority of treatment discontinuation for this outcome. 
New T2 lesions occurred in 3.9% of subjects in the group of patients 
who continued their DMT and 10.69% in the group who discontinued 
their DMT (p = 0.422), which implies that non-inferiority was not 
demonstrated for this outcome. Importantly, these primary outcome 
events were not associated with worsened disability. Moreover, 
relapses were very rare in both groups, and most participants with 
relapses did not have a new lesion on MRI to corroborate the clinical 
event, suggesting the possibility of pseudo-relapses. New MRI lesions 
were rare and most had one new lesion only. EDSS progression was 
seen in about 11% of patients who continued their DMT and 12% of 
patients who discontinued their DMT, a difference that was not 
statistically significant. There was also no difference in SDMT scores 
and patient-reported outcome measures. The authors conclude that 
although DMT discontinuation is not inferior to continuing DMT in 
this population, non-inferiority of discontinuing DMT was not 
demonstrated (in other words: stopping treatment is not non-inferior 
to continuing treatment).An extension study of the DISCOMS trial is 
expected (NCT# 04754542; Corboy J et al. ECTRIMS 2022; EP1089). 
Two other randomized trials are also ongoing: the STOP-I-SEP trial 
(Disease Modifying Therapies Withdrawal in Inactive Secondary 
Progressive Multiple Sclerosis Patients Older Than 50 Years, NCT# 
03653273, estimated study completion date in January 2028) and the 
DOT-MS trial (Discontinuing Disease-modifying Therapies in Stable 
Relapsing-Onset Multiple Sclerosis, NCT# 04260711, estimated study 
completion date in January 2024).

Other observational studies have evaluated safety of treatment 
discontinuation in patients with MS, specifically platform therapies. 
In a large multicenter study using data from the MS base registry in 
patients with at least 5 years of disease stability treated with INF-b1a/b 
or glatiramer acetate, and using propensity score matching, patients 
who pursued and those who stopped their DMT were compared 
(165). Patients in both groups had a similar relapse rate, but those who 
discontinued their DMT had a 50% higher hazard for disability 
progression than those who stayed on treatment, and this higher risk 
was mostly driven by patients who were stable prior to DMT 
discontinuation (165). In a small retrospective cohort (n = 69) 
predominantly treated with glatiramer acetate and interferon with 
stable disease for >2 years, patients who were < 45 years had a 
significantly shorter time to first clinical or radiological activity event 
compared to older patients (166). In a cohort of 221 patients with 
RRMS treated with either glatiramer acetate or interferon beta 1a/b 
who discontinued their treatment, Bsteh et  al. retrospectively 

identified an age of 45 years or older at the time of DMT 
discontinuation, the absence of relapses for more than 4 years, and the 
absence of active lesion on MRI as independent predictors of absence 
of clinical activity after stopping DMT (167). Patients who were both 
older than 45 years and had no relapses in the past 4 years had a very 
low risk of relapses after stopping their DMT (167). Importantly, 
higher EDSS scores, an age older than 45 years, and longer disease 
duration at treatment discontinuation were all associated with a 
higher risk of disability progression in this study after discontinuation 
(167). The same group evaluated the performance of a composite 
score taking into account age, radiological activity and the duration of 
disease stability prior to DMT discontinuation, and showed that 
patients with a high composite score had an 85% probability of 
recurrence of disease activity in the next 5 years after stopping their 
treatment (168). Similar results were observed in another 
observational study using propensity score matching to compare 
patients who stayed or stopped their injectable DMT (169). The mean 
age of this cohort was 54 years and all included patients were at least 
50 years and did not have a relapse in the past 3 years (169). Stoppers 
did not have a higher likelihood of relapse or EDSS progression, but 
had a higher risk of reaching an EDSS of 6.0 (169). In another recent 
multi-center retrospective observational study from Jakimovsky et al. 
DMT discontinuation was associated with non-relapse disability 
progression, or PIRA, independently of prior stable disease and age, 
specifically in patients with an EDSS >6.0 (170). In this study, DMT 
discontinuation triggered de novo disability worsening in previously 
stable patients with both RRMS and SPMS (170). Taken altogether, the 
results of these studies corroborate the hypothesis that PIRA is the 
main driver of disability along the disease course and that DMTs do 
not halt or alter this neurodegenerative process once it is ongoing, but 
may play a role in controlling subclinical inflammation even at a later 
age, specifically in patients with no clear evidence of progressive 
disability worsening while on treatment and those in the so-called 
“transition phase.”

Data on higher-efficacy DMT discontinuation after a certain age 
is scarce but yet less reassuring. A two-center study in France from 
Chappuis et al. retrospectively evaluated the risks of disease activity 
after platform (glatiramer acetate, interferon beta-1a/b, 
teriflunomide) and higher-efficacy (fingolimod, rituximab, 
natalizumab) DMT discontinuation in 232 patients who were older 
than 45 years (171). Median age in this cohort was around 53 years, 
median disease duration was 15.8 years, and mean EDSS was 3.8 at 
DMT discontinuation (171). Most patients did not have a relapse in 
the past year, but around 25% of those on higher-efficacy DMT and 
16% of those on platform DMT did have clinical or radiological 
activity in the past 3 years (171). Nearly 40% of patients were 
classified as having SPMS. Importantly, 61.2% of patients who 
stopped their higher-efficacy DMT had progressive MS (171). A 6% 
relapse risk in the year after discontinuation was observed for the 
group on a platform DMTs, 9% for those on fingolimod and 43% for 
those on natalizumab was observed, peaking in the first 3 months 
after stopping fingolimod or natalizumab, while no patient had 
disease activity after stopping Rituximab (171). Hence, the well-
established rebound effect after natalizumab discontinuation does 
not only occur in younger individuals with active relapsing–
remitting disease, and remains a significant risk when considering 
stopping this treatment in older patients, even those with a 
secondary-progressive disease course. Results from a smaller 
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prospective observational study are also in line with this observation: 
in 15 patients with a mean age of 50 years and stable disease for the 
past 5 years who discontinued natalizumab, all experienced disease 
activity after a mean follow-up period of 19 months (172). 
Specifically, 10 patients had a recrudescence of clinical or 
radiological activity whereas 5 had rebound activity (4 out 5 where 
>50 years old). In conclusion, discontinuing natalizumab specifically 
is associated with a significant risk of disease activity at any age and 
should prompt early switching to another DMT. In regards to 
fingolimod, the risk of disease activity or rebound activity after 
discontinuation appears to be  lower and more age-dependent 
compared to Natalizumab, yet present. For instance, a single-center 
retrospective study looking at all patients who discontinued 
fingolimod for more than 6 months found than an age > 50 years did 
not significantly decrease the risk of recurrence of disease activity 
even though it occurred less frequently in this age group compared 
to their younger counterparts. Specifically, 11/128 patients were 
older than 60 years and none of them had recurrence of disease 
activity after stopping fingolimod (173). In the previously mentioned 
French study, 2 patients who were older than 60 years experienced 
recurrence of disease activity after stopping fingolimod (171). 
Discontinuing fingolimod should therefore also be  considered 
cautiously at any age. There is little evidence on the risk of disease 
activity reactivation or rebound activity after discontinuation of 
B-cell depleting therapies. Nevertheless, this category of DMT seems 
to exert a prolonged effect without a significant risk of rebound of 
clinical or radiological activity. In a large single-center Swedish 
cohort treated with rituximab, 808 patients were retrospectively 
identified, only 92 (11%) had discontinued treatment mostly due 
pregnancy, adverse events, stable disease, and other reasons (174). 
There was no difference in age, disease duration, number of previous 
DMT, and EDSS at rituximab start between those who stayed on and 
those who stopped rituximab (174). After rituximab discontinuation, 
3/92 patients had a relapse and 4/92 had new T2 lesions (one of 
which had both) at least 3 months after treatment stop (174). 
Although some patients who discontinued rituximab were started 
on another DMT, disease activity was rare even in those who stayed 
off therapy (174). In the French cohort, 9 patients discontinued 
Rituximab after the age of 45 and none had a relapse after a mean 
follow-up time of 1.6 years (171). Based on these observations, 
disease activity appears to remain suppressed long after B-cell 
depleting therapies discontinuation. Whether this DMT category 
can be used as an induction therapy and later discontinued safely 
without an alternative DMT is not clear but would be an interesting 
treatment approach when considering long-term treatment planning.

In conclusion, there is growing evidence to suggest that treatment 
discontinuation is relatively safe after the age of 55–60 years in individuals 
with long-standing and stable disease on platform therapies. Recurrence 
of disease activity however remains a risk, specifically for patients on 
fingolimod and natalizumab, and relapse recovery declines with age (175). 
Clinicians need tools to stratify the risk of disease reactivation to guide 
clinical decisions, such as the Vienna Innsbruck DMT discontinuation 
score based on age, activity on MRI, and duration in stable course 
(VIAADISC score) developed by Bsteh et al. for patients on platform 
DMTs (168). Predictive scores should be developed for other DMTs, 
specially for higher-efficacy DMTs as well as for teriflunomide and 
dimethyl fumarate for which data on discontinuation risk is scarce. The 
difficulty in developing such tools resides in the high interindividual 

variability of MS phenotypes and in the lack of predictability and 
intraindividual variability of disease activity across the disease course. 
Moreover, we need more time to assess long-term effects of newer DMTs. 
There are inherent differences in the risk of disease reactivation and the 
risk of rebound activity with some DMTs after discontinuation and 
conversely a potential for induction properties of others such as B-cell 
depleting therapies and cladribine. Finally, it is essential to consider the 
patients’ perspective when making such decisions; patient-reported 
outcome measures can guide clinicians understand how treatment 
decisions affect patients’ quality of life (163). For now, the decision to 
discontinue or de-escalate DMTs should be taken in the context of each 
individual with a clear explanation of the risk–benefit balance to the 
patient, taking into account treatment-related morbidity and direct and 
indirect treatment-related costs.

Conclusion and recommendations

Caring for patients with long-standing MS is a quotidian and 
complex task for their health care providers. Several concerns must 
be integrated in treatment choices, including the disease process itself 
and its multiple sequelae, comorbidities, and measure of general 
health such as frailty. Development of clinical deterioration should 
be viewed as a potential complication from these several factors, and 
the management plan should be tailored accordingly. As patients age 
and transition to a predominantly progressive form, their needs 
increase as they accumulate symptoms such as weakness, ataxia, 
spasticity, cognitive impairment, pain, sphincteric and sexual 
dysfunctions, visual symptoms, sleep problems, and fatigue. Hence, 
management can become complex and requires frequent adjustments. 
To optimize health outcomes in this population, multidisciplinary care 
should be  the cornerstone of management (176). Physical and 
occupational therapists, social workers, psychologists, speech 
therapists with an expertise in cognition, urologists, and physiatrists 
are all essential players in the treatment of long-standing MS, and can 
help patients to maintain their autonomy and quality of life (176). 
Involving patients in their own care can increase empowerment and 
coping abilities. In this regard, promoting physical activity, healthier 
life habits, weight control and good nutrition can delay disease 
progression and result in a higher sense of wellness. Unfortunately, MS 
care units remain a luxury in many regions, even in developed 
countries. As an example, using a survey targeting health care 
providers across Canada to assess models of MS care, Marrie et al. 
found that nearly half of MS clinics report an insufficient number of 
specialized neurologists, and nearly 70% report an insufficient number 
of non-physician providers (177). Sadly, a majority of clinics had wait 
times longer than 3 months for patients to be seen by the different 
providers of the multidisciplinary team (177). Another important 
aspect of MS management is recognizing polypharmacy and 
deprescribing when possible, as aging patients with MS often end up 
with several symptomatic therapies with additive side effects. 
Polypharmacy is an under-recognized problem and has an additive 
effect on MS symptoms particularly fatigue, cognitive impairment, 
and fall risk (160). As discussed throughout this review, the natural 
evolution of the disease, the shift of pathophysiological processes, the 
probable decreased efficacy of DMTs after the age of 55 years 
(supported by real-word data, clinical observations, and the 
DISCOMS trial), and the safety concerns in this age group, support 
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the rationale of considering DMT de-escalation and discontinuation 
in older patients with stable disease, particularly those on platform 
DMTs (178). Until we have more reassuring data, careful monitoring 
for recurrence of disease activity after discontinuation is prudent 
(178). However, the evidence to support this practice is still scarce and 
there are currently no guidelines on treatment discontinuation, 
although several consensus groups have published recommendations 
along these lines (179, 180).

In this regard, recommendations regarding treatment approaches in 
individuals after the age of 55 years may include the following, until more 
evidence-based data become available and practice guidelines 
are developed:

 - The benefits and risks of DMTs should be  reassessed and 
discussed with patients periodically taking into account their age, 
disease duration, clinical and radiological activity in the past few 
years, rate of disability accrual, comorbidities, and patient 
preferences. Treatment decisions should hence be individualized 
in a case-by-case approach.

 - DMT discontinuation could be considered in individuals with 
long standing and stable disease on platform DMTs who are older 
than 55 years, especially in those older than 60 years.

 - The benefit of platform therapies such as interferon beta-1a or b 
and teriflunomide in individuals with long standing disease after 
the age of 55 is questionable, and since there is no reported risk 
of rebound disease activity after discontinuation of these 
therapies, they could be  safely discontinued with careful 
monitoring in most cases.

 - In general, de-escalation could be considered after the age of 
55 in patients who have been on high-efficacy DMTs for many 
years. Although the benefit of fingolimod and natalizumab in this 
population is questionable, the risk of breakthrough disease 
activity or rebound activity is non-negligible. De-escalation can 
be used as a strategy to mitigate this risk.

 o  Switching to lower efficacy DMTs such as teriflunomide, 
interferon-based preparation, or glatiramer acetate before 
considering treatment discontinuation could be an option.

 o  Another approach could be  de-escalation by interval 
extension for therapies such as natalizumab and B cell-
depleting therapies, although whether the risk of rebound 
activity is sufficiently mitigated with this approach 
is unclear.

 o  In patients with recent disease activity for whom 
natalizumab or fingolimod must be discontinued (e.g., 
lymphopenia, positive JCV serology), switching to other 
high-efficacy “induction” therapies such as cladribine or 
B-cell therapies can be useful in selected cases. These 
DMTs have more prolonged immunosuppressive effects 
and do not seem to be associated with rebound effects 
when stopped, although an additive effect on the risk of 
PML should be explained to patients.

 - At each visit, symptomatic therapies should be  reviewed and 
ineffective medications discontinued. Instead, non-pharmacological 
interventions, such as aerobic exercise and good sleep hygiene to 
improve fatigue or stretching to counter spasticity must 
be encouraged.

 - General measures of wellness should be optimized by promoting 
physical activity and adequate nutrition, optimization of 

comorbidity management, and promotion of age-specific 
preventive measures

 - Developing outcome measures that are adapted to aging 
individuals to detect MS-related handicap and appropriately 
identifying confounders is key to evaluating treatment 
response and optimally address drivers of disability 
progression, whether related to MS or not. The EDSS, the most 
commonly used scale of disability in MS, might not be  the 
ideal tool in this population, as higher scores are associated 
with older age and polypharmacy, even when used on older 
individuals who do not have MS (106).
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