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Key Points
e People with MS (PwMS) experienced disruptions in their care and everyday lives during
the COVID-19 pandemic.
¢ Innovations such as telemedicine helped preserve access to clinicians, while its optimal
application to future MS care remains a topic of debate.
e Data from large MS registries proved to be informative regarding risks associated with
COVID-19 and interactions with MS disease-modifying therapies.
e Many of the risk factors for poor outcomes in COVID-19 for PwMS are similar to those
in the general population (e.g., older age, black race); among PwMS, greater disability

and B cell depleting therapies are associated with increased risk.
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Vaccines against COVID-19 are safe and effective for PwMS, although humoral

responses to vaccination are blunted by certain disease-modifying therapies.

Clinics care points

Until more data are available, use of telemedicine for MS care should be based on the
preferences of people with MS and providers along with local regulations.

Considering currently available safety data, disease-modifying therapies can be started
and sequenced similarly post-pandemic compared to the pre-pandemic era, assuming
risks and benefits are discussed in detail with each person with MS.

Anti-CD20 monoclonal antibody therapies remain first-line options for some, and people
on these therapies should be counseled about increased infection risk along with the
possibility of impaired vaccine responses. Extended interval dosing requires further
investigation, should be considered in select cases, and has relevance beyond the scope of
COVID-19.

COVID-19 vaccines are recommended for people with MS and do not appear to be

associated with an increased risk of relapse.

Synopsis

The unprecedented scope of the coronavirus disease 2019 (COVID-19) pandemic

resulted in numerous disruptions to daily life, including for people with multiple sclerosis

(PWMS). In this article, we review how disruptions in MS care prompted innovations in delivery

of care (e.g., via telemedicine) and mobilized the global MS community to rapidly adopt safe and

effective practices. We discuss how our understanding of the risks of COVID-19 in PWMS has



evolved along with recommendations pertaining to disease-modifying therapies (DMTSs) and
vaccines. With lessons learned during the COVID-19 pandemic, we examine potential questions
for future research in this new era of MS care.
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Introduction
As of April 2023, there have been over 760 million confirmed cases and 6.8 million
deaths worldwide due to coronavirus disease 2019 (COVID-19).! In the United States, there
have been more than 100 million cases and 1 million deaths.? The pandemic resulted in
profound disruptions to society and healthcare systems globally.
For people with multiple sclerosis (PwMS) and their clinicians, the COVID-19 pandemic
presented significant challenges. It not only affected the psychosocial well-being of PWMS

but also caused major interruptions in routine MS care.? For example, missed clinical,



laboratory, and imaging appointments related to the pandemic made it more difficult for
clinicians to monitor disease activity and quality-of-life issues in PwMS.* Uncertainty
surrounding the safety of MS disease-modifying therapies (DMTS) due to their varied effects
on the immune system was also a major concern.

In this review, we will discuss the broad impact of the COVID-19 pandemic on MS care.
We will highlight lessons learned by the MS community regarding delivery of care, COVID-
19 risks, DMT selection, and strategies to optimize the efficacy of vaccinations against
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). We will conclude by
examining implications for future care as we transition from the COVID-19 global health

emergency to a phase of endemic and seasonal infection.®

Disruptions along the continuum of MS care due to COVID-19

The COVID-19 pandemic caused significant disruption for PwMS and the public.
Lockdowns and physical distancing measures which were implemented for public safety made it
difficult to access routine care for chronic conditions like MS. Naturally, there was uncertainty
about which activities outside the home could be done safely and, in some jurisdictions, PWMS
may not have been permitted to leave home, with rare exceptions.

Interruptions along the continuum of MS care were common during the pandemic. A
cross-sectional survey of more than 1000 PwMS conducted in April 2020 found that 22%
cancelled a visit with their neurologist, 11% cancelled an MRI, 21% cancelled a laboratory test,
and 10% altered the administration schedule of their DMT.® Another study of more than 4000
individuals with autoimmune disorders, of whom more than 800 were PwMS showed that nearly

half experienced an interruption in healthcare services.” Delays in infusions and lost



rehabilitation visits were frequent sources of disruption.® Surveys of MS care providers
confirmed that postponements in usual care were common and that providers were concerned
about the risk COVID-19 posed to PwMS and themselves.>!° Along with consternation about
being able to safely monitor PwMS, many providers expressed misgivings about the risk-benefit
ratio of using higher efficacy DMTs in the context of the pandemic.®° Whether disruptions in
MS care resulted in any long-lasting consequences at an individual level is currently unknown.

Several studies also showed that changes to daily activities including work and
socialization as a result of the pandemic were common among PwMS (i.e., remaining at home,
using virtual methods), similar to the general population.®*! Despite the heterogeneity of PwWMS
regarding health-related quality of life and disability, it was suggested that substantial
psychosocial and occupational change might have a greater impact for PwMS, particularly those
with pre-existing activity limitations.>*2 In one such study, women with MS were more likely
than men with MS to experience job termination or furlough during the pandemic and expressed
greater concern about the risk posed by COVID-19 to their health.® Moreover, psychological
distress amongst PWMS pertaining to COVID-19 risk adversely affected their well-being,
particularly when few effective treatments and no vaccines were available during the early
pandemic.t3

Altogether, public health measures put in place to protect us from COVID-19 no doubt
had unintended impacts on MS care and required compensatory strategies to counterbalance
them (Figure 1). The next section will explore innovative care delivery methods that were

accelerated during the pandemic to keep PwWMS connected with their providers.

Bringing care to people with MS using telemedicine



Telemedicine, or telehealth, leverages the ability for individuals and their providers to
connect despite not being physically present in the same location. Telemedicine was already
being used for chronic and acute medical care prior to the COVID-19 pandemic and can take a
variety of forms. These include synchronous contact over an audiovisual platform using the
internet, or asynchronous methods such as pre-recorded or other electronic communication.*
Studies prior to the COVID-19 pandemic demonstrated that assessment of PwMS, including
disability measures, is feasible in a virtual format.*>® In response to pandemic-related
disruptions, many MS centers started conducting most visits using telemedicine.*"®

Several studies highlighted benefits of telemedicine for PwMS, including improved
access for those who live far from an MS center and those with mobility issues.!”*® Some PwMS
have greater comfort being in their home environment and having additional carers present
virtually who may not otherwise be present at in-person visits.?’ Additionally, those with higher
disability may benefit from more frequent clinical touchpoints by supplementing in-person visits
with telemedicine appointments. Surveys suggest that most neurologists and PwMS who used
telemedicine during the COVID-19 pandemic were satisfied with its use, but we don’t yet know
whether this translates to better MS disease outcomes.t”-?! Of great concern is that subtle changes
on neurological exam could be missed when using a virtual platform, resulting in inappropriately
maintaining therapies that have suboptimal effectiveness.

There are other concerns that telemedicine could make accessing care harder for certain
PwWMS. For example, persons of lower socioeconomic status (SES), health literacy, and skill with
technology may have more difficulty using telemedicine.? In at least one study, this concern did
not bear out given that providers were able to conduct follow-up visits using mainly smartphones

(and these are globally available at relatively low cost).?>?° It is notable that most surveys



examining satisfaction with telemedicine sampled individuals who were of higher SES and may
not be generalizable to marginalized populations.®*?

Arguably, qualitative evaluation of telemedicine during the exceptional circumstance of
the COVID-19 pandemic may have been more focused on its feasibility rather than what might
be optimal in the long-term care of PwWMS. We can be reassured that most studies viewed the use
of telemedicine positively and suggested that no major short-term complications arose as a result
of its widespread use.}”2%222% |t js worth carefully considering how best to integrate this
knowledge into future clinical practice. For example, it is unclear whether exclusive use of
telemedicine for both new and follow-up visits is ideal as opposed to the use of telemedicine
only for follow-ups. One study from Norway suggested that some clinicians were dissatisfied
completing new patient visits using telemedicine and looked upon telemedicine more favorably
for follow-up visits.'® Furthermore, ensuring universal access remains a concern in jurisdictions
with multiple healthcare payers such as the United States.* Lingering concerns also exist
pertaining to cybersecurity and privacy due to use of internet-based platforms.'4

Overall, the rapid uptake of telemedicine during the COVID-19 pandemic may result in
lasting changes in MS practice. The use of telemedicine is fluid and ever-changing based on
regulations around its use and uncertainty on how best to apply it. Future research is needed to

elucidate the full range of implications associated with short- and long-term use of telemedicine.

The power of large registries for assessing COVID-19 risk in people with MS
During the early part of the COVID-19 pandemic, MS researchers recognized the need
for large studies to answer key guestions. The Global Data Sharing Initiative developed a data

sharing process to study the effects of COVID-19 in PWMS across small and large efforts



globally.?* This provided harmonized data across multiple countries and helped determine
potential risk factors using large registries. Registry data was ideal for this purpose because large
populations could be studied while adjusting for confounders and examining for rare outcomes.
Table 1 summarizes key contributions from several databases.

A crucial question was whether PwMS possessed any unique risk factors for poor
outcomes with COVID-19. Several registry-based MS studies found that many of the risk factors
were similar to individuals in the general population, including older age and the presence of
specific medical comorbidities (e.g., diabetes).?>?” Data from the North American COVID-19
Infections in MS and related diseases (COViMS) registry showed a 30% increase in the risk of
hospitalization and intensive care unit (ICU) admission and/or need for artificial ventilation for
every 10-year increase in age, with a 76.5% increased risk of death for every 10-year age
epoch.? Hypertension, diabetes, and morbid obesity also increased the risk of poor outcomes.
Greater levels of ambulatory disability (e.g., Expanded Disability Status Scale (EDSS) >6 or
requiring any assistance to walk) more than double the odds of more severe COVID-19
outcomes.?>?"28 Being non-ambulatory was associated with a 25-fold increased odds of death
compared with fully ambulatory PwMS and black race was associated with >40% increased odds
of being hospitalized (but not with an increased risk of death).?®

Determining the risk of poor COVID-19 outcomes related to MS DMTSs was also an
intense focus of investigation. Smaller registries, such as those with hundreds rather than
thousands of patients, initially found no effect of DMT exposure.?’:2%30 Revisiting this using
larger datasets revealed that anti-CD20 monoclonal antibody therapies were associated with
increased risk.?>2631:32 Rjtuximab was associated with 4.5-fold increased odds of hospitalization

with COVID-19.% Pooled international data confirmed that ocrelizumab and rituximab



(compared to other DMTs) increased the odds of hospitalization and ICU admission but not
death.3! This is consistent with data from other patients with immune-mediated disorders
included in the Global Rheumatology Alliance registry, which found that rituximab was
associated with 4-fold increased odds of death compared to methotrexate-treated individuals.®®
DMT-treated status in isolation is not sufficient to risk stratify PwMS. Investigators in
Italy found that COVID-19 risk was confined to PwMS in a ‘higher risk’ group, defined as those
with EDSS >3 or with at least 1 comorbidity.?® Conversely, PwMS with EDSS 3 or less and no
comorbidities had a risk of severe COVID-19 outcome similar to age- and sex-matched
controls.?® Of note, untreated PwMS appear to have a higher risk of poor outcome®! that is
variably present in different studies following adjustment for factors such as age and MS
phenotype.?”2 This may reflect that this group is comprised of both individuals who are
untreated due to having milder MS and those with more severe disability or progressive course
who do not benefit from DMT (and may be at higher baseline risk of severe COVID-19 due to
ambulatory status). A study of >17,000 PwMS from Sweden further supported the notion that
pre-morbid disability and progressive MS course were likely more predictive of poor COVID-19
outcome compared to DMT type; an increased risk in rituximab-treated PwMS was again seen
(albeit to a lesser degree than in smaller studies).3* Pregnant and post-partum PwWMS and children
with MS do not appear to be at higher risk of poor COVID-19 outcomes, however conclusions
are limited by small sample size and under-representation of pregnant/young PwMS with high
levels of ambulatory disability/comorbidities.>>% In general, pregnant women who develop
COVID-19 may have a higher risk of preterm birth,®’ so individualized counseling remains

important.



Data from the United Kingdom (UK) MS Register suggested that the likelihood of
developing COVID-19 is not influenced by DMT-treated status or premorbid disability;
however, these conclusions are limited by patient self-reporting.®

COVID-19 risk also relates to treatments used for MS relapses. Glucocorticoid use in the
2 months preceding infection was associated with a doubling of the odds of hospitalization and
quadrupling the risk of death among PwMS with COVID-19.% Intravenous (1V)
methylprednisolone use in the month preceding COVID-19 increases the risk, but it is unknown
whether lower doses typically used as premedication interacts with the increased risk observed
with anti-CD-20 monoclonal antibodies.®? The reasons for this observation are not well
understood, given that dexamethasone is beneficial in severe acute COVID-19 respiratory
infection.®® The timing, dose, and duration of corticosteroid administration relative to pathogen
exposure may determine the net immunomodulatory and therefore clinical effects.

In summary, pooled data from large registries has proven instrumental for informing the
MS community about risk factors for poor outcomes secondary to COVID-19. Harmonized data
using variables which were readily collected at the point of care enabled conclusions about
clinically relevant risk factors for PwMS that appear consistent across studies. Possible
limitations relate to voluntary reporting of data, use of variables only included a priori in the
register, and lack of potentially relevant details such as DMT dose/frequency and MS disease

activity.

Symptomatic manifestations of COVID-19 in people with MS
Studies based on patient self-report found that COVID-19 symptoms experienced by

PWMS (e.g., ageusia, hyposmia, upper respiratory tract symptoms) are no different than



individuals in the general population.*®-#? In a study assessing post-acute symptoms in PWMS,
nearly 30% of 8000 respondents reported COVID-19 symptoms lasting more than 1 month.*3
The risk was higher in those with severe pre-existing neurological disability and mental health
comorbidities.** Many persistent manifestations such as lower respiratory tract symptoms (e.g.,
cough) and nondescript muscle aches were not consistent with MS, however new or worsened
fatigue had a prevalence of nearly 70% among those with post-acute COVID-19 sequelae.*®
Since symptoms such as fatigue and cognitive impairment are common to both MS and post-
acute COVID-19, any pathogenetic interaction between the two disorders remains speculative
currently.*

Evidence is sparse regarding whether COVID-19 produces durable changes in
inflammatory disease activity in MS. It is common for PwWMS to experience neurological
symptoms during acute COVID-19, however in these studies, self-reported data limits the ability
to conclusively distinguish pseudoexacerbations from new focal CNS inflammation due to

M 8.45_47

Impact of COVID-19 on disease-modifying therapy selection

The expanding landscape of DMTs for PwMS has provided hope in terms of controlling
the macroscopic neuroinflammatory component of MS (relapses and new lesions on magnetic
resonance imaging). Since many DMTs modulate, suppress, or reconstitute components of the
immune system, concerns about safety came up early in the COVID-19 pandemic. Practical
recommendations were needed to balance infectious safety concerns with preserving efficacy for

people with active MS. We will focus on key lessons about DMT selection in the context of



COVID-19. For an in-depth review of SARS-CoV-2 pathogenesis and its relationship to DMT
mechanisms, we direct the reader to other published literature, 852

So far, no MS DMT has proven to be protective against COVID-19. There was initially
optimism that beta interferons could counteract SARS-CoV-2 through antiviral effects and
possibly by dampening pro-inflammatory host responses.> Following one study which showed a
non-statistically significant trend towards lower rates of hospitalization for PwMS on beta
interferon,? further studies found no significant beneficial effect.3:°34 Hypotheses that other
DMTs could attenuate COVID-19 severity through immunomodulatory mechanisms,>
particularly in the case of fingolimod and natalizumab, have not borne out in large
dataset5.26‘31’48'56’57

During the pandemic, recommendations for DMT prescribing and risk assessments were
largely based on expert consensus or experience with other infectious diseases.>*® Changes in
DMT use by PwWMS were considered for some patients based on survey data and presumably
related to concern about COVID-19.%81% Although, many MS providers remained comfortable
with new DMT starts during the pandemic if appropriate based on MS severity, and only a small
minority (8%) recommended postponing all DMT administrations.>® This comfort level may
have been enhanced by the larger COVID-19 MS registries highlighting that the majority of
DMTs did not appear to increase the risk of contracting SARS-CoV-2 or experience more severe
COVID-19 outcomes.?3132 Some PwMS may have had new MS disease activity and/or
progression due to a change or discontinuation in therapy, however, evidence is lacking in this
regard.

Prescribing patterns for DMTs were altered during the COVID-19 pandemic. A study

from the UK showed a steady trend to increasing monoclonal antibody DMT prescriptions from



2016-2019 that was reversed in 2020 at the start of the pandemic (except for natalizumab) with a
16.7% reduction in new starts.%° A similar trend was observed in Spain with decreases in
prescriptions for anti-CD20 therapies and an increase in new natalizumab prescriptions,
ostensibly due to lesser peripheral immunosuppression with natalizumab.®* A study of 670
PwMS prescribed DMT in the United States showed a 10% reduction in intravenous infusion
DMT prescriptions with an increase in oral DMT prescriptions (+7%) which persisted from the
pre-vaccine to the post-vaccine period of the pandemic.®? Delays in infused DMT (mostly B cell
therapies) were more common than switches in DMT class or type. Prescribing patterns of self-
injected therapies remained stable, although the study overlapped with a time where ofatumumab
(a self-injected anti-CD20 DMT) was becoming more widely prescribed.5?

Although the global health emergency has been declared over, endemic COVID-19 risk
will continue to factor into therapeutic shared decision-making along with the perceived benefits
of treatment. This will require similar ‘risk calculus’ as was used by experienced MS clinicians
in the past. Prior to the COVID-19 pandemic, a qualitative study reinforced the idea that
providers should engage PwMS in personalized discussions about risk tolerance when
prescribing a DMT.®3 In this study, many PwMS would accept a risk of non-life-threatening
infection in order to better control their MS and preserve function.%®

We direct the reader to other excellent resources for a more detailed discussion about
starting or sequencing DMTSs in the era of COVID-19.52%86466 Some general recommendations
from the National MS Society apply including: 1) PwMS currently on a DMT should not stop the
treatment unless instructed to do so; 2) PwMS with COVID-19 symptoms or with a positive
COVID-19 test should speak with their provider(s) (primary care and neurology clinicians); and

3) individualized decisions should be made regarding initiating or switching DMTs.%* Practical



recommendations for use of approved DMTSs, including when to consider interrupting treatment
can be found in Table 2.

Most of the COVID-19-specific concern surrounds cell-depleting DMTs such as anti-
CD20 monoclonal antibodies. Theoretical concern surrounds the induction phase of
alemtuzumab and cladribine treatment due to their respective mechanisms, but they were not
shown to be associated with increased risk in studies which included patients in the post-
induction phase.?”313267 |nterferons, glatiramer acetate, fumarates, teriflunomide, sphingospine-
1-phosphate (S1P) receptor modulators and natalizumab were not shown to be associated with an
increased risk of COVID-19 severity.?"31:3287 | ymphopenia with absolute lymphocyte counts
(ALC) <800 cells/mm? can occur rarely with fumarates and with cladribine or alemtuzumab
treatment and should be monitored since severe lymphopenia may increase risk.*50-51.68
Lymphocytes are peripherally sequestered by S1P modulators (e.qg., fingolimod), so low
lymphocyte counts likely represent a functional lymphopenia and may not increase risk unless
the measured ALC is severely reduced (<200 cells/mm?).8%7

Even though the anti-CD20 infusions are dosed intermittently, this results in maintenance
of a B cell-depleted state and may result in hypogammaglobulinemia.>® Immune reconstitution
therapies (alemtuzumab and cladribine) possibly carry a greater peak risk during induction but
may be appealing options for some PwMS who prefer their risk to be frontloaded.34® Although
large observational studies did not show statistically significant increases in COVID-19 risk with
immune reconstitution therapies, this does not necessarily indicate superior safety, especially
since the number of patients on these therapies was small in comparison to the other DMTs.2®

Autologous hematopoietic stem cell transplant remains an option for treatment refractory

PWMS.% COVID-19 risk is likely elevated for several months following the immunoablative



phase of treatment but this has not been well studied.®* Despite the increased risk of COVID-19
severity with some of the MS DMTSs, available data along with expert opinion suggests that some
PWMS should continue to use these therapies in the proper clinical context.®* PwMS should also
adhere to routine precautions to reduce risk of infection and exposure to COVID-19.%* These
therapies remain an effective option for reducing disease activity and undertreating MS may be a
greater risk than COVID-19.

During the pandemic, some MS providers preferentially used natalizumab in John
Cunningham virus (JCV) seronegative patients who had active disease given lower COVID-19
risks and less impact on vaccination response.®%% The exposure risk of frequent visits to the
infusion center can likely be mitigated by extended interval dosing.®* Extended interval dosing
for ocrelizumab and rituximab (i.e., delaying maintenance redosing by four or more weeks or
personalized redosing based on CD19 cell count) was found not to be associated with increased
MS disease activity in the short-term.”?>" However, a single cohort study of extended interval
ocrelizumab dosing raised concern about increased MRI activity without an increase in
confirmed disability progression,’® emphasizing that the long-term safety and efficacy of this off-
label approach need to be confirmed with prospective studies.

When PwWMS are diagnosed with COVID-19, several Food and Drug Administration
(FDA)-approved antiviral treatments may be available to them depending on their baseline risk
factors and severity of illness.”” Of note, Evusheld™ and REGEN-COV are not authorized by

the FDA anymore since they no longer cover dominant circulating SARS-CoV-2 variants.”’

Vaccination against SARS-CoV-2 for people with MS



Since their advent in August 2021, large population-based data shows that SARS-CoV-2
mRNA vaccines are safe and effective in PWMS, as in the general population.’®-82 Adverse
effects are typically mild and self-limited (injection site reaction, malaise, headache, fever) and
are not associated with increased short-term risk of MS relapse.808%83

Early on, it was not known whether PwMS treated with certain DMT classes (e.g., cell-
depleting therapies) would mount adequate immune responses, including memory B cell
responses to SARS-CoV-2 vaccination. Multiple studies confirmed that those on cell-depleting
therapies (anti-CD20, alemtuzumab) and those on S1P receptor modulators have diminished
humoral responses to SARS-CoV-2 vaccination.+% However, T cell-mediated adaptive
responses are preserved in many patients on anti-CD20 therapy and may be more robust,
suggesting that other immune mechanisms may compensate for a blunted humoral response.8-8°-
%1 These effects persist in the long-term, and affect memory B cells.®* It has become evident that
timing of vaccine and DMT administration (see Table 3) influences the magnitude of serologic
immune response observed.®>** However, it is unknown whether these suspected compensatory
immune mechanisms or DMT timing result in preventing SARS-CoV-2 infections and/or severe
COVID-19 outcomes.

It is recommended that all PwMS receive vaccination against SARS-CoV-2 unless there
is a contraindication (e.g., allergic reaction) and keep their vaccinations up to date when they are
able to receive boosters.®® Table 3 summarizes recommendations regarding the optimal timing
of SARS-CoV-2 vaccinations with various DMTSs.

Addressing concerns PwWMS may have about vaccination is paramount. Surveys suggest
that most PwMS are willing to receive SARS-CoV-2 vaccines (>75-90% depending on the

study).®®%" The most prevalent concerns relate to long-term safety and efficacy.®®%% In one



large patient survey (n=~5000), factors that increased the likelihood of receiving the SARS-
CoV-2 vaccine included obtaining influenza vaccine, older age (=65 years), higher SES, physical
activity, and use of DMT.% People with MS were less likely to be vaccine hesitant when
explicitly counseled by their MS provider about risks and benefits.'® Overall, providers should
continue to individualize counseling to promote vaccination wherever possible to reduce long-

term COVID-19 risk as the pandemic shifts to a more endemic/seasonal pattern globally.

Discussion

With the end of the COVID-19 global health emergency, it remains unknown whether
changes to MS care will persist. A shift to endemic patterns of infection likely means that a
degree of normalcy will return. However, the field has demonstrated that MS care can be adapted
to meet PWMS in their home environments with telemedicine. Prospective investigation will be
required to clarify the extent telemedicine should be used in routine practice based on patient
care outcomes.

As efficacious DMTSs continue to be developed, the MS community can incorporate
lessons learned during the COVID-19 pandemic to develop contingency plans in the event of
future viral pandemics. DMT and vaccination guidelines will need to discuss suggested actions
in the event of future viral outbreaks. PwMS will require information about risk while on DMTs
and how vaccine responses may be impacted.

Finally, the long-term effects of widespread COVID-19 on PWMS are not yet fully
understood. The degree to which long-COVID might interact with MS fatigue and other
symptomatology has been explored!®192 pyt relationships have not been conclusively

demonstrated. It will also take time to study sustained effects of pandemic-related occupational



and psychosocial disruption, which may have disproportionately affected certain PwMS,1:13.68.103
particularly those who were already vulnerable socioeconomically. Observational studies should
continue to monitor the long-term impact of the COVID-19 pandemic on MS incidence and
disease activity; although preliminary data suggests that its short-term impacts are no different
than other respiratory viruses.*>192 As we enter the post-pandemic COVID-19 era, the future of

person-centered MS care looks as promising as ever.

Summary

Despite multiple COVID-19 pandemic-related disruptions along the continuum of MS
care, providers and PwMS collaborated to develop innovative solutions. There were
unprecedented efforts across the MS community to work together to collect as much information
as possible to make informed decisions in the care of PwMS. We reviewed considerations for
DMT prescription and vaccination for PwMS in the era of COVID-19 and speculate on questions

for future research in this area.
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Figure Legends

Figure 1: Disruptions and compensatory strategies in the COVID-19 era of MS care.
Examples provided depict how compensatory strategies and innovations by the MS community

helped counterbalance pandemic-related disruptions to care.
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Tables

Registry

Multiple Sclerosis International
Federation (MSIF) Global Data
Sharing Initiative

North American Research
Committee on Multiple
Sclerosis (NARCOMYS)

COVID-19 Infections in MS &
Related Diseases (COViMS)

Multiple Sclerosis and COVID-
19 (MuSC-19)
Covisep

German MS Register

UK MS Register

Swedish MS Registry

MSBase COVID-19 Substudy

Country of
origin

Global (HQ
in UK)

United States

United States

Italy

France

Germany

UK

Sweden

Australia

Largest MS
cohort

5648

4955

1626

1362

347

Hundreds

404

17692

Thousands

Table 1: Selected registries and key contributions to COVID-19 risk assessment in MS

Key contributions

Harmonized data collection through multiple pooled registries?*2¢

Survey showed high rates (84.1%) of SARS-CoV-2 vaccination and determined reasons for
vaccine hesitancy in PwMS®

Risk factors for poor outcome with COVID-19 include increased disability, older age,
hypertension, diabetes, obesity, black race, anti-CD20 DMT, and recent corticosteroid
treatment®®; pregnancy outcomes are no worse in PwMS®

Increased risk of poor COVID-19 outcome in PwMS with EDSS >3 or at least 1
comorbidity?® and use of anti-CD20 DMT?2

Age, EDSS 6 or higher, and obesity were found to be independent risk factors for
hospitalization with COVI1D-19%

Contributed to the Global Data Sharing Initiative, and provided evidence that SARS-CoV-2
vaccination does not increase risk of relapse®

Multiple studies, including those that described common symptoms of self-diagnosed
COVID-19 in PwMS?® and determined that PwMS commonly experienced amplification of
MS symptoms during COVID-19 infection; an effect that was attenuated by DMT4

Corroborated increased risk of hospitalization with COVID-19 in PWMS on anti-CD20 DMT
but suggested that this risk may be more modest than the risk associated with older age,
increased disability, and medical comorbidities®*

Most notable publications relating to COVID-19 were under the auspices of the Global Data
Sharing Initiative above

Abbreviations: HQ — headquartered; PWMS — people with MS; DMT - disease-modifying therapy.



5 Table 2: Summary of recommendations for commercially available MS disease-modifying therapies in the COVID-19 era

DMT Class

Beta interferon

Glatiramer
acetate

Teriflunomide

Fumarates

S1P receptor
modulators

Natalizumab

Anti-CD20
monoclonal
antibodies

Cladribine

Alemtuzumab

O 00N O

Brief mechanism of action

Inhibits pro-inflammatory cytokines

Modulates T cell cytokine profile to increased
Th2; promotes Treg cells

Inhibits reactive lymphocyte proliferation

Enhances Nrf2 pathway, improves oxidative
stress response, and limits survival/activation
of T cell subsets

Inhibits lymphocyte trafficking out of
peripheral lymph nodes

Prevents leukocyte trafficking across the
blood-CNS barrier by targeting alpha-4
integrins

Lyses and depletes B lymphocytes by
targeting CD20 on their surface

Inhibits DNA synthesis and depletes B > T
lymphocytes

Lyses and depletes mature T and B
lymphocytes and several innate immune cells
by targeting CD52 on their surface

Mode of
administration

SQorIM

SQ

Oral

Oral

Oral

\Y

1V (e.g.,
ocrelizumab) or
SQ (ofatumumab)

Oral — two cycles
separated by 1
year

IV—two cycles
separated by 1
year

Effect on COVID-19 outcome

No increased risk. Protective effect has not
been proven®

No increased risk?®

No increased risk?®

No increased risk, except rarely if
lymphopenic (ALC <800 cells/mm?)104

No evidence of direct increased risk?® but
may impair response to vaccines®?

No evidence of increased risk.?® Extended
interval dosing may reduce risk of hospital
exposure’

Increased risk of hospitalization estimated in
the range of 2-5-fold.?>26%7 May impair
response to vaccines®:%

Likely only at increased risk when severely

lymphopenic?®5?

Likely only at increased risk when severely
lymphopenic/leukopenic?:5

Recommendation in SARS-CoV-
2 infected PWMS

Continue treatment

Continue treatment

Continue treatment

Continue; consider suspending if
severe infection or ALC <800
cells/mm?

Continue; consider suspending if
ALC <200 cells/mm?

Continue; may consider delaying
infusion if critically ill

Suspend/delay dosing

Suspend/delay dosing

Suspend/delay dosing

Abbreviations: DMT — disease-modifying therapy; PwWMS — people with MS; Th2 — T helper-2 cytokine profile; Treg — T regulatory
cells; S1P — sphingosine-1 phosphate; Nrf2 — nuclear factor erythroid 2-related factor 2; IM — intramuscular; SQ — subcutaneous; 1V —
intravenous; ALC — absolute lymphocyte count.



10 Table 3: Summary of recommendations for COVID-19 vaccination in people with MS by treatment status

MS Treatment

No DMT

Beta interferon
Glatiramer acetate
Teriflunomide
Fumarates

S1P receptor
modulators

Natalizumab

Anti-CD20
monoclonal
antibodies

Cladribine

Alemtuzumab

High-dose
corticosteroids

Negative effect on SARS-CoV-2 vaccine response?

None: having MS in isolation does not affect ability to mount

a humoral response to available COVID-19 vaccines’

None’893

None78'93

No data to suggest impaired response’® %

No reduction in humoral or T cell-dependent responses for
dimethyl fumarate; unknown for other fumarate DMTs%:105

Impairment in humoral response in PwMS on fingolimod®?

No data to suggest impaired responses for SARS-CoV-2
vaccines®1%

Impairment in humoral response was observed in several
studies, however certain T cell responses were found to be
more robust78’86’87'9°'1°6

Empiric data suggest no impairment in humoral antibody
responses; theoretical concern during lymphodepletive
treatment phase®*

Empiric data suggest no impairment in humoral antibody
responses; theoretical concern during lymphodepletive
treatment phase®

Not demonstrated with empirical data but theoretical concern
exists given mechanism of action

Timing of vaccine before starting
treatment

SARS-CoV-2 vaccines are safe and
effective for PwMS and recommended
for all patients®*

Do not delay starting for vaccine

Do not delay starting for vaccine

Do not delay starting for vaccine

Do not delay starting for vaccine
Vaccinate at least 2 weeks before
starting

Do not delay starting for vaccine

Vaccinate at least 2 weeks before
starting

Vaccinate at least 2 weeks before
starting

Vaccinate at least 4 weeks before
starting

Vaccinate 3-5 days after last dose

Timing of vaccine after treatment
started™

N/A

No adjustments required; vaccinate
when able

No adjustments required; vaccinate
when able

No adjustments required; vaccinate
when able

No adjustments required; vaccinate
when able

Continue taking the medication as
prescribed and vaccinate when able

No adjustments required; vaccinate
when able

Ideal timing to vaccinate is 4 weeks
before next infusion or 4 weeks after
last dose of ofatumumab

No adjustments required; vaccinate
when able

Consider vaccination 24 weeks or
more after the last infusion

Vaccinate 3-5 days after the last dose

11  *Note that ideal timing of therapy with vaccination may not be possible. Abbreviations: DMT — disease-modifying therapy; S1P —
12 sphingosine-1 phosphate; PWMS — people with MS.
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Figure 1: Disruptions and compensatory strategies in the
COVID-19 era of MS care
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