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Chapter I. Introduction

I.1. Multiple Sclerosis Definition

Multiple sclerosis (MS) an inflammatory, autoimmune disease of the central nervous system,
is the leading cause of disability in young adults, aside from trauma’. It attacks the myelinated
axons in the CNS, destroying the myelin and the axons to varying degrees?®. The course of MS
is highly varied and unpredictable. In most patients, the disease is characterized initially by
episodes of reversible neurological deficits, which is often followed by progressive neurological

deterioration over time®.

I.2. Immunopathogenesis

The pathogenesis of MS involves complex interactions between genetic, environmental, and
immunological factors. Traditionally, MS was regarded as a condition primarily driven by
activated T cells, with emerging evidence indicating a significant role played by B cells. The
immune assault begins with the peripheral activation of auto-reactive T cells following a
breakdown in self-tolerance towards myelin and other CNS antigens®. This breach could be
triggered by an environmental antigen, such as a virus, resulting in the bystander activation of
T cells, or by a cross-reactivity between an endogenous protein, like myelin basic protein, and
a pathogenic exogenous protein, a phenomenon known as molecular mimicry®. Subsequently,
auto-reactive T cells migrate across the blood-brain barrier é, facilitated by the expression and
upregulation of various adhesion molecules, chemokines, and matrix metalloproteinases
(MMPs) 7. Upon entering the CNS, these auto-reactive T cells can be reactivated by local
antigen-presenting cells (such as dendritic cells, macrophages, and B cells), triggering an
inflammatory cascade characterized by the release of cytokines and chemokines’. This
cascade leads to the recruitment of additional inflammatory cells, including T cells, monocytes,
and B cells, and persistent activation of macrophages, resulting in loss of oligodendrocytes
and myelin damage*. Epitope spreading occurs as a consequence of ongoing local
inflammation, exposing additional targets for reactive T cells®. Additionally, axonal injury may
occur during the early inflammatory stages or when repair mechanisms are overwhelmed by
persistent activation of microglia/macrophages and complements, as well as the indirect
effects of proinflammatory cytokines such as tumor necrosis factor (TNF)-a, nitric oxide, and
MMPs* ®.

Although B cells and antibodies have historically been ignored in MS research, intrathecal
synthesis of oligoclonal immunoglobulins has long been recognized. Clonal B cell
proliferation has been observed both within the CNS and peripherally'. The identification of

ectopic B cell follicles in the meninges of secondary progressive MS (SPMS) patients was an
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early indication of B cell involvement in MS, suggesting sustained meningeal inflammation,
particularly in progressive stages. This supports the hypothesis that cytotoxic factors diffusing
from the meningeal compartment contribute to subpial cortical lesions (cortical demyelination)
and subsequent increases in clinical disability’" '?. The role of B cells in MS pathogenesis is

further supported by the success of B-cells depleting therapies'™.

While demyelination stands as the primary feature of MS pathology, early axonal injury and
subsequent loss also play a role in driving disability progression®. The precise mechanisms
underlying both myelin and axonal damage remain incompletely understood, but are likely
multifaceted, involving direct harm to myelin and oligodendrocytes, as well as axons by CD4+
and CD8+ T lymphocytes, activated microglia/macrophages, and/or antibodies and
complement proteins. Additionally, indirect effects of proinflammatory cytokines such as IL-

4, 12, 14

1beta, TNF-a, nitric oxide, and MMPs contribute to the pathology . Meningeal

inflammatory infiltrates observed in conjunction with subpial cortical lesions may also

contribute to cortical inflammation and subsequent disability in certain cases’ '°.

Maya Zeineddine | Ph.D. Thesis | University of Limoges | 2024 18
License CC BY-NC-ND 4.0



a Inflammatory phase \
Antigen-presenting cell N mmrm.l | ’

VCAM 7\ e a»
I, T cell / : €»

_ \ MHC class Il \/
‘:-’- .../' < fragmant c
< ol'rplornont
1 T cell Mynlh
| reentry into /
’ circulation Axon
\ \ E B ul. '\— 00 x\
Collagen type IV
[ N on the ECM » \\\
Adhesion and A
penetration of Antibody N.m
blood-brain barrier /-“ -
Cytokines and
chemokines
eg TNF-c, u
IFN-, k12, — —7 Mac!
Osteoponti
and IL-6 * I Domylli'lltlonl |
: ;
Release of \
toxic mediator

b Degenerative phase

PLP PN
brain-specific . { N
isoform '
‘& Glutamate
A N receptor
MHC class Il — AMPA or

kainate receptor

Glutamate receptor
Necrosis AMPA or kainate I ::;n" :mﬂl
receptor

Bob Crinm

Image Adapted from Fox E et al. Neurology 63 (12): S3-S7. https://doi.org/10.1212/WNL.63.12_suppl_6.S3

Figure 1. Inmunopatholoqy of Multiple Sclerosis
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1.3. Etiology and Risk Factors

The pathogenesis of MS presents a complex interplay of various factors, yet much of it remains
unknown. While multiple risk factors have been identified, including geographical location,
serum vitamin D levels, genetic predispositions, and viral infections, no single factor can fully

account for the development of MS, indicating a multifaceted pathogenesis™’.

1.3.1. Genetic Factors

While MS is not considered a hereditary condition, there is evidence of familial aggregation.
The lifetime risk for first-degree relatives is notably higher than that of the general population,
standing at 2.5%'®. Twin studies have revealed interesting patterns, with the risk of MS for
dizygotic twin pairs mirroring that of siblings, ranging from 3% to 5%, while monozygotic twins
exhibit a substantially higher risk, estimated to be at least 20%'®. Despite the identification of
over 100 genetic variations associated with MS in various studies, the human leukocyte
antigen (HLA) class Il region, particularly the HLADRB1*1501 allele on chromosome 6p21,
stands out as strongly linked to MS risk®. The expansion of genome-wide association studies
has further expanded our understanding, uncovering more than 20 additional risk loci and
highlighting the significance of even modest genetic effects in increasing susceptibility to the
disease®'. Moreover, epigenetic modifications, such as alterations in deoxyribonucleic acid
(DNA) methylation, have been linked to changes in gene expression associated with MS

pathogenesis?.

1.3.2. Environmental Factors

Environmental factors including sex, viral infections, tobacco smoking, sunlight exposure, and
vitamin D deficiency emerge as significant contributors to MS risk. Furthermore, factors such
as childhood or adolescent obesity and gut microbium have been suggested as potential
environmental influences for MS development. However, further investigation is required to
elucidate the precise mechanisms underlying their interactions with the immune system in

individuals with MS23-25,

1.3.2.1. Sex

MS is more common in women than men with a reported ratio of 3:1, suggesting that sex of
the patient significantly influences the risk of developing the disease?. Moreover, factors such
as puberty, especially early onset of menarche, contribute to the susceptibility to MS
diagnosis®’. However, it is unknown whether this is due to an increase in the levels of sex
hormone. On the other hand, there is evidence suggesting that female sex hormones may
exacerbate the progression of the disease. This hypothesis is supported by research showing
improvement of MS symptoms during pregnancy?® and a reduction in disability levels among

pregnant women with MS?°.
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While female sex appears to be a contributing risk factor, robust evidence confirming a direct
link between sex hormones and the onset of MS pathogenesis remains lacking®. Thus, sex is
considered as a contributing factor to the development of MS in combination with other risk
factors. This assumption is supported by the results of Irizar et al. study which demonstrated
an association between female sex and the HLA-DRB115:01 haplotype®. Additionally, Chao
et al. illustrated that the combination of HLA-DRB115:01, a well-established MS risk factor,

with female sex is more likely to be transmitted from mother to daughter than to son®'.

Female sex hormones have been shown to modulate the immune response by promoting the
development of regulatory T cells (Tregs), reducing the activity of Th1 and Th17 cells, and
supporting the differentiation of Th2 lymphocytes®2. The anti-inflammatory effects of estrogens
have also been confirmed using experimental autoimmune encephalomyelitis (EAE), an

animal model of MS3 3#,

1.3.2.2. Viral Infections

The role of viral infection as a risk factor for MS has been extensively studied and supported
by epidemiological evidence. Notably, individuals infected with Epstein-Barr virus (EBV) and
diagnosed with infectious mononucleosis have shown a higher risk of developing MS*.
Seropositivity for EBV antibodies, indicating prior exposure, consistently correlates with MS
onset across different demographics®.

A study conducted by Bjornevik et al. in 2022 provided compelling evidence of a causal
relationship between EBV infection and MS*’. Analyzing over 10 million young adults in the
US military, the study identified 955 individuals diagnosed with MS during their service period.
The risk of MS increased 32-fold following EBV infection, with no change observed after
infection with other viruses. Serum levels of neurofilament light chain, indicative of nerve
degeneration in MS, rose only after EBV infection. These findings suggest that EBV may be
the primary cause of MS, as they cannot be attributed to any known MS risk factors. However,
the exact mechanisms by which EBV contributes to MS pathogenesis remain largely unknown.
It is theorized that EBV may inhibit the production of antiviral cytokines and proteins, interfere
with antigen processing and presentation, and stimulate the production of autoreactive immune
cells®® %, Evidence of cross-reactivity between antibodies targeting myelin basic protein (MBP)
and EBV latent membrane protein 1 (LMP1) suggests a potential link between EBV and MS*.
This cross-reactivity is attributed to the homology between MBP and LMP1, with further support
for the role of LMP1 in MS pathogenesis demonstrated by its ability to induce myelin-reactive

antibodies in vivo*’. The compelling evidence implicating EBV in MS underscores the need for
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further research to elucidate the precise mechanisms and explore potential preventive or

therapeutic interventions.

1.3.2.3. Smoking
Smoking has been consistently identified as a risk factor for MS across various studies.
Research by Manouchehrinia et al. found that "ever-smokers" had a 41% higher likelihood of

MS diagnosis compared to "never smokers"*'

. This habit impacts the immune system by
inducing oxidative stress, releasing pro-inflammatory cytokines, and increasing nitric oxide
levels*?. Furthermore, smoking influences the differentiation and activation of lymphocyte
populations, promoting the development of auto-aggressive T cells that cross-react with central
nervous system antigens in MS*? 43,

The association between smoking and MS risk extends beyond individual studies. Population-
based research, such as that by Hedstrom et al., has demonstrated a higher incidence of MS
among smokers, with both duration and intensity of smoking correlating with increased risk*.
Smokers are 1.5 times more likely to develop MS, and even passive smokers face a
heightened risk compared to non-smokers*°. The precise mechanism linking smoking to MS
remains uncertain, but it likely involves the multitude of toxic substances found in cigarette
smoke, including nicotine and nitric oxide. These substances may irritate lung tissue, triggering
a pro-inflammatory response via Toll-like receptors*. Moreover, smoking-associated damage
to the blood-brain barrier facilitates the entry of T cells into the brain, where they target myelin,
leading to its destruction and subsequent autoimmune responses against nervous system
antigens*. Overall, smoking contributes to MS pathogenesis through a combination of

inflammatory processes, barrier disruption, and autoimmune mechanisms.

1.3.2.4. Vitamin D deficiency

Serum vitamin D levels are among the extensively documented risk factors associated with
MS. Vitamin D is believed to exert a protective effect on MS owing to its immunomodulatory
role within the CNS*. It exhibits anti-inflammatory properties by suppressing macrophage
activity and modulating cytokine levels. Additionally, vitamin D plays a role in safeguarding
myelin integrity by stimulating oligodendrocytes and influencing the behavior of T lymphocytes.
Numerous studies have established an inverse correlation between sun exposure*’, ultraviolet
radiation exposure®®, or serum vitamin D levels*®, and the risk or prevalence of MS.
Conversely, some studies® *' have indicated that these factors are inversely associated with

disease activity in individuals already diagnosed with MS.
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1.3.2.5. Childhood Obesity

Obesity has recently emerged as a risk factor for MS. Studies®* ** have indicated that childhood
obesity increases the likelihood of MS diagnosis, with a higher body mass index (BMI)
correlating with elevated odds ratios for MS diagnosis, particularly in extremely obese
individuals. Interestingly, this association appears to be more pronounced in girls than in
boys®. Moreover, while adolescence is also identified as a critical period where obesity
heightens MS risk, its impact during childhood versus adolescence may vary depending on the
metrics used to assess obesity>.

Obese individuals commonly exhibit chronic inflammation, characterized by elevated levels of
inflammatory cytokines such as IFN-y and TNF-a*®. This inflammatory state may be
exacerbated by disruptions in the gut microbiome, frequently observed in obese individuals,
which can skew the balance between regulatory T cells (Tregs) and pathogenic Th17 cells.
This imbalance in turn has implications for MS pathogenesis, as Th17 cells have been
implicated in the development of the disease.

Furthermore, obesity is associated with lower levels of vitamin D, another established risk
factor for MS**. Collectively, these findings suggest that the increased risk of MS associated
with obesity may arise from a combination of factors, including chronic inflammation, Th17 cell

activation, and decreased vitamin D levels induced by obesity.

1.3.2.6. Gut Microbiome

The gut microbiome plays a significant role in modulating both innate and adaptive immune
responses, potentially influencing the pathogenesis of immune-mediated disorders like MS.
Several studies®®® have demonstrated alterations in the microbiome composition in MS
patients, with these changes linked to disease activity and progression. Different forms of MS
exhibit distinct microbial profiles, with reductions in beneficial short-chain fatty acid-producing
bacteria observed in relapsing-remitting MS (RRMS) and an increase in bacteria associated
with DNA oxidation in SPMS®.

These alterations in the gut microbiome have been shown to impact lymphocyte activation and
differentiation®®. For instance, MS-associated microbiota can hinder the interaction between
specific immune cell receptors, leading to a reduction in circulating CD4+ T cells. Moreover,
an imbalance in certain bacterial ratios, such as Firmicutes/Bacteroidetes, correlates with
increased disease activity, likely mediated by heightened Th17 cell frequency. Conversely, the
depletion of beneficial bacterial species, such as Clostridia, has been observed in primary

progressive MS (PPMS), potentially contributing to disease pathogenesis®.

Maya Zeineddine | Ph.D. Thesis | University of Limoges | 2024 23
License CC BY-NC-ND 4.0



Experimental studies using MS models have highlighted the therapeutic potential of short-
chain fatty acids derived from gut bacteria in promoting the development of Tregs, which can

660 Dysbiosis, characterized by specific alterations in

suppress autoimmune responses
microbial species, including increased Methanobrevibacter and Akkermansia coupled with
decreased Butyricimonas, has been linked to MS pathogenesis, with certain species implicated

in promoting inflammation and exacerbating disease activity®'.

In summary, MS is characterized by dysregulation of the gut microbiome, which may lead to a
reduction in Tregs and the promotion of pathogenic Th17 lymphocytes, ultimately contributing

to inflammation and disease progression.

I.4. Epidemiology of MS
The global epidemiology of MS is undergoing shifts, alongside evolving insights into its
immunopathogenesis and natural progression. Recent evidence suggests a complex origin

involving a combination of environmental and genetic factors®.

1.4.1. Global Epidemiology

Review of recent medical literature and meta-regression analyses has uncovered a global
increase in both the prevalence and incidence rates of MS in the past few decades. According
to the most recent Atlas released by the Multiple Sclerosis International Federation (MSIF) in
2020, the estimated number of individuals affected by MS has risen by 9.5% between 2013

and 2020, reaching 2.8 million worldwide®.
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Figure 2: Global MS Prevalence

Image Adapted from Atlas of MS 2020 available at: https://www.msif.org/resource/atlas-of-ms
2020/#:~:text=The%20Atlas %200f%20MS %20is,t0%202.8%20million%20in%202020.

The prevalence of MS displays significant disparities worldwide. Notably, European regions
such as San Marino, Germany, and Denmark exhibit the highest prevalence rates, standing at
337 per 100,000, 303 per 100,000, and 282 per 100,000, respectively®®. Following closely is
the United States of America % with a prevalence rate of 288 per 100,000. Conversely, regions
like the Eastern Mediterranean, Southeast Asia, Africa, and the Western Pacific report

estimated prevalence rates below 40 per 100,000%.
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Figure 3: MS Prevalence Per 100,000 People

Image Adapted from Atlas of MS 2020 available at: https://www.msif.org/resource/atlas-of-ms
2020/#:~:text=The%20Atlas %200f%20MS %20is,t0%202.8%20million%20in%202020.

Various factors may have contributed to these discrepancies in prevalence, including different
study methodologies (e.g., national MS registries versus hospital- or community-based
studies), disparities in the accessibility and availability of disease-modifying therapies (DMTs),
and socio-economic variations. Epidemiological evidence suggests that racial and ethnic
differences significantly affect the distribution of MS worldwide®® . Conversely, cultural
practices such as wearing protective clothing and exposure to sunlight could have indirectly

influenced geographical variations®’.

Regional differences in MS incidence rates (measured per 100,000 individuals per year)
typically mirror the prevalence trends®®. Europe exhibits the highest documented incidence at
6.8, followed by the Americas at 4.8. South East Asia and Africa report the lowest documented

incidence rates of 0.4.

MS demonstrates a higher prevalence among women compared to men®. A systematic review
spanning from 1955 to 2000 discovered that the estimated female-to-male ratio of MS
incidence escalated from 1.4:1 to 2.3:1%°. Recent investigations indicate that this high

prevalence among females is even more pronounced in the Western Pacific and Southeast
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Asia regions, where the ratio of females to males exceeds threefold. Moreover, intra-regional
variations in gender ratios exist, as observed in the Eastern Mediterranean region, where the
average female-to-male ratio stands at 2:1%. However, in several countries including Egypt,
Iran, the Palestinian Authority, and Sudan, females with MS outnumber males at a ratio of 3 or
even 4 to 1%,

As for the age of disease onset, MS is diagnosed between the ages of 20 and 40 years,
although less than 1% of cases may occur in childhood and approximately 2-10% after the
age of 50%.

1.4.2. Epidemiology in the Middle East and North Africa Region

The Middle East and North Africa "° region is characterized by a low-to-moderate prevalence
of MS. Epidemiological studies conducted before 2000 indicated low prevalence rates ranging
from 3 to 20/100,000, predominantly from countries such as Saudi Arabia, Iraq, Libya, Kuwait,
Tunisia, and Jordan’'. However, prevalence rates began to rise in the early 21st century.
Studies from from Kuwait’? (31/100,00), Saudi Arabia™ (30/100,000), Palestine’™
(35.3/100,000) and Jordan™ (38/100,000) reported rates between 30 and 38/100,000. Recent
data from Kuwait’® (105/100,000), Qatar’” (65/100,000), Lebanon’®, Bahrain’® (60/100,000)
and United Arab Emirates®® (64.4/100,000) showed a further increase, with prevalence rates
now ranging between 65 and 105/100,000. Oman, on the other hand, maintained a
consistently low prevalence rate of 16/100,000 in 2021, possibly due to genetic differences
compared to neighboring Arab countries®'. A study from Egypt in 2013 reported a prevalence
of 13.7/100,000, reflecting the lower rates seen in African countries®. Notably, Iran consistently
exhibited the highest disease prevalence in the region, rising from 51.9 in 2010 to
162.4/100,000 in 2019, possibly due to genetic factors associated with the diverse ethnic
makeup of the Iranian population® 84, It is important to recognize that the methodologies for
calculating prevalence varied widely among these studies, ranging from national registry-
based to hospital or community-based approaches, with some older studies employing the

Kurtzke approximation method.
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Figure 4. Prevalence of MS in the Arab World

1.4.3. Reasons for Increased Prevalence of MS

The global rising trends in the prevalence of MS could be explained by the availability of
modern diagnostic techniques particularly advanced magnetic resonnace imaging (MRI), the
introduction of the new 2017 McDonald Criteria® which allowed better and earlier diagnosis,
an increase awareness about the disease for both public and physicians, and longer survival
of MS patients. Improved survival in MS, possibly due more frequent use of advanced DMTs®,
was probably the most important factor related to the observed increase in prevalence. Goodin

et al.%

concluded that early treatment with interferon beta 1b was associated with a 47%
reduction in the hazard ratio for all-cause mortality over 21 years compared with placebo
treatment. Similarly, a recent study demonstrated that the use of MS DMTs mainly beta-
interferon for = 3-years was significantly associated with increase survival®’. The improved
survival may also be attributed to a general increase in life expectancy during the last
decades®®.

However, these factors alone could not be responsible for such a large increment. Changing
in environmental exposures such as urbanization, improved hygiene, decreased sun
exposure, higher consumption of dietary salt intake and smoking were significant players in

the sharp increase of the MS prevalence".

I.5. Clinical Features and Phenotypes
The clinical manifestations of MS can vary widely and may result from the impairment of
sensory, motor, visual, and brainstem pathways, depending on the areas of the brain and

spinal cord affected®. The first clinical presentation most frequently manifest as optic neuritis,
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myelitis, or a brainstem syndrome (characterized by symptoms such as diplopia, oscillopsia,
facial sensory loss, vertigo, and dysarthria)®®. However, sensory loss, spasticity, gait instability,
dysarthria, nystagmus, trigeminal neuralgia, fatigue, pain, cognitive decline, depression,
bladder and bowel dysfunction, and sexual dysfunction are all prevalent symptoms of MS.
These symptoms can vary among individuals and may even fluctuate within the same patient

over time.

As for the clinical course of the disease, MS can be categorized into three main phenotypes:
clinically isolated syndrome, RRMS, and progressive MS (PMS)%®. CIS is characterized by a
single episode of neurological symptoms lasting at least 24 hours, resulting from inflammation
and demyelination in the CNS. RRMS is the most prevalent phenotype, with approximately 70
to 80% of patients experiencing relapses followed by periods of stability. A relapse is defined
as the onset of new neurological symptoms or the worsening of existing ones lasting at least
24 hours, unrelated to fever, infection, or environmental triggers®'. PMS includes PPMS and
SPMS. PPMS, observed in 10-15% of patients, is defined as a continuous decline in
neurological function and disability accumulation from symptom onset, without distinct relapses
or remissions®. Approximately 25 to 40% of RRMS patients transition to SPMS within 15 years
of diagnosis®. SPMS is characterized by progressive neurological deterioration over time,
although some patients may experience superimposed relapses during this phase®. According
to the revised Lublin phenotypes®, progressive MS at onset (PPMS) or transitioning from
relapsing forms (SPMS) can be classified as active or inactive based on clinical and

radiological assessments.
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—p ' — and with
A progression®
—S\ =g a\ |
Active" y \
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Figure 5. Lublin 2013 MS Phenotypes

Image Adapted from Giovannoni G et al. Ther Adv Neurol Disord 2022 (15): 1-18
https://doi.org/10.1177/17562864211066751
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The advances in brain MRI have led to the frequent identification of incidental white matter
lesions in asymptomatic patients. In 2009, the term radiologically isolated syndrome was
introduced to describe patients with typical MS demyelinating lesions on MRI but without any
clinical symptoms®. Although these patients are at risk of future demyelinating events, there
are currently no universally accepted guidelines for monitoring and treating this evolving

phenotype.

1.6. Diagnosis

The diagnosis of MS continues to heavily depend on medical history and neurological
examination, despite advancements in diagnostics and the introduction of various radiological
and neuroimmunological markers. Paraclinical assessments such as MRI, evoked potential
studies, and cerebrospinal fluid (CSF) analysis to detect the presence of oligoclonal bands
(OCB), which are considered an inflammatory marker, may support the diagnosis®. Moreover,
a thorough differential diagnosis is essential to prevent misdiagnosis with other conditions that
share some diagnostic features with MS, including neurobrucellosis, neuro-Behcet, acute

disseminated encephalomyelitis, neuromyelitis optica, and other neurological diseases®.

The primary goal of all defined MS diagnostic criteria since the 1950s has been to establish
the dissemination in space and time (DIT) of lesions within the CNS responsible for the clinical
manifestations in CIS patients®. However, current diagnostic criteria necessitate the
consideration of both clinical and paraclinical measures, as delineated in the McDonald criteria,
initially developed in 2001 and subsequently revised in 2005, 2010, and most recently in 2017.
Diagnosis of MS can be confirmed with at least two typical clinical attacks or a single typical
demyelinating event, accompanied by evidence of DIS and DIT on MRI®*. DIS is defined as
the presence of neurological lesions in at least two of four CNS regions (cortical-juxtacortical,
periventricular, infratentorial, and spinal cord), while DIT indicates the occurrence of
neurological damage at multiple time points. DIT criteria are met with the identification of new
T2 and/or gadolinium-enhancing lesions on follow-up MRI or the concurrent presence of

gadolinium-enhancing and non-enhancing lesions at any point in time.

The major differences in the 2017 McDonald criteria® compared to the earlier versions are the
allowance for OCB presence to substitute the requirement of demonstrating DIT when DIS
criteria are met, the inclusion of cortical lesions in DIS determination alongside juxtacortical
lesions, and the consideration of both symptomatic and asymptomatic lesions in DIS and DIT

determination.
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.7. Treatment

1.7.1. Goals of Therapy
While there is currently no cure for MS, the goals of therapy revolve around treating acute

exacerbations, stopping the progression of the disease, and improving symptoms®’.

1.7.2. Treatment of Acute Relapses

The preferred treatment for acute exacerbations remains high doses of methylprednisolone,
administered either orally or intravenously. Studies have confirmed the efficacy of intravenous
methylprednisolone (IVMP), and a Cochrane meta-analysis has indicated that both oral and IV
routes of administration lead to a reduction in disease progression within the initial 5 weeks of
treatment®™. For patients who do not respond adequately to methylprednisolone,
plasmapheresis may be considered based on clinical evidence from two randomized clinical
trials® '°°. According to the American Academy of Neurology guideline, plasmapheresis
should be considered in patients experiencing severe relapses that do not respond to high-

101

dose steroids'™'. While there is limited evidence regarding the effectiveness of intravenous

immunoglobulin (IVIG) for treating acute MS relapses, it may be administered to patients who

cannot tolerate corticosteroids and plasmapheresis'® 1%,

1.7.3. Disease-Modifying Therapies: Safety and Efficacy
Currently, over twenty DMTs have received approval for treating RRMS, with additional options
being introduced annually. These DMTs operate through various mechanisms, such as

immunomodulation, disruption of cell trafficking, and depletion of diverse immune cells.
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Figure 6. DMTs Mechanisms of Action

Image Adapted from Yang JH et al. Front. Neurol 2022 (13), Sec. Multiple Sclerosis and Neuroimmunology
available at https://doi.org/10.3389/fneur.2022.824926

1.7.3.1. Interferons Beta and Glatiramer Acetate

Interferons-beta (IFN-beta) and glatiramer acetate are approved for the treatment of RRMS,
supported by class | evidence from numerous multicenter randomized controlled trials
(RCTs)'%*%_|FN-beta can influence T and B cell activity, cytokine secretion, and T regulatory
cells, whereas GA specifically modulates T regulatory cells. Both treatments have
demonstrated moderate efficacy, reducing the risk of relapse and disability progression by
approximately 30%. Pegylated (PEG) interferon-beta-1a allows for once-every-two-weeks
dosing and exhibits similar efficacy and adverse event profiles to other IFNs'®. Additionally,
double-dose (40 mg) GA administered three times weekly has shown comparable efficacy in
recent trials® '"°. The long-term safety data spanning more than two decades is a significant
advantage of both treatments. However, their route of administration may lead to poor
adherence due to acute adverse events such as injection site reactions and flu-like
symptoms''". Treatment should be personalized based on patient preferences, although the
use of injectables has declined in recent years due to the availability of various treatment

options.
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1.7.3.2. Teriflunomide

Teriflunomide acts as a reversible inhibitor of the mitochondrial enzyme dihydro-orotate
dehydrogenase (DHODH), essential for de novo pyrimidine synthesis in rapidly proliferating
immune cells'> '3, It was approved by the Food and Drug Administration (FDA) based on the
results of the phase lll trials in RRMS patients, namely the TOWER and TEMSO trials™'* ''®
In these trials, a daily dose of 14mg reduced the annualized relapse rate by 36.3% and 31%,
along with decreasing the risk of disability progression by 31.5% and 30%, respectively,
compared to placebo. Generally well tolerated, teriflunomide presents mild adverse events
such as hair thinning, elevated serum liver enzymes, and mild leucopenia. It can be rapidly
eliminated from the body within 11 days using oral cholestyramine or charcoal. Long-term
follow-up studies, including the TEMSO extension study over nine years and the TOPIC
extension study, have not revealed any new safety concerns, maintaining consistency with the

core trial results''® 117,

1.7.3.3. Dimethyl Fumarate

Dimethyl Fumarate (DMF) is also an oral medication approved for the treatment of RRMS. It
is a modified fumaric acid ester known to stimulate anti-inflammatory and cytoprotective
actions, partly through the Nrf2 antioxidant response pathway''®. An integrated analysis of
phase lll trials, DEFINE and CONFIRM, revealed that DMF administered at 240 mg twice daily
led to a substantial reduction in ARR (49%) and disability progression (32%) compared to

placebo'"®

. Overall, DMF exhibited favorable safety and tolerability profiles, with flushing and
gastrointestinal adverse events being most common. The ENDORSE study, an open-label

extension of the initial trials, reported no new adverse events during six years of follow-up'?°.

1.7.3.4. Fingolimod

Fingolimod is a modulator of sphingosine1-phosphate receptor (S1PR), hindering the egress
of lymphocytes from lymph nodes. This mechanism reduces the infiltration of potentially auto-
aggressive lymphocytes into the CNS'" 122 Fingolimod was the first oral DMT approved for
RRMS, endorsed following two phase Il clinical trials'** 2. It decreased the ARR by 55%
compared to placebo and by 52% in comparison to intramuscular IFN-beta 1a, along with
reducing the risk of disability progression by 30% compared to placebo. In a subgroup analysis
of patients with highly active disease despite prior IFN treatment, fingolimod demonstrated a
61% reduction in ARR compared to IFN-beta 1a IM, alongside decreases in the number of
lesions and brain volume loss'®®. Despite its efficacy, vigilant monitoring is essential due to

several safety concerns, including bradycardia, macular edema, and infections.
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1.7.3.5. Ponesimod

Ponesimod is as a selective modulator of STPR1, possessing pharmacological properties that
are rapidly reversible'?. It exhibits a shorter half-life and faster elimination, typically occurring
within one week, in contrast to fingolimod'?’. In 2021, the FDA granted approval for ponesimod
as an oral once-daily medication for treating adults with RRMS, CIS, and active secondary
SPMS. In the phase Ill OPTIMUM trial'?®, ponesimod (20 mg/day) demonstrated a 30.5%
reduction in the ARR and a 56% decrease in active lesions per year on MRI compared to
teriflunomide. However, there was no statistically significant reduction in confirmed disability
accumulation compared to teriflunomide. The adverse event profile of ponesimod was similar
to other S1PR modulators, with lower rates of bradycardia and long-term lymphopenia in

comparison to fingolimod'#°.

1.7.3.6. Siponimod

Siponimod is also a selective modulator of S1P1 and S1P5. Its mode of action parallels that
of fingolimod, yet with enhanced selectivity towards S1P receptors, improved penetration of
the blood-brain barrier, and a shorter half-life, resulting in quicker recovery of lymphocyte
counts to baseline levels within 10 days of discontinuation'°. FDA-approved for CIS, RRMS,
and active SPMS, in the BOLD phase |l trial, siponimod at a 2 mg/day dosage significantly
reduced new and enhancing (Gd+) lesions by 72% and ARR by 66% compared to placebo
over six months™'. This effect persisted during a 24-month dose-blinded extension of the
study'2. Siponimod's adverse event profile is similar that of other drugs in its class, including
liver enzyme elevation, macular edema, hypertension, seizures, and varicella-zoster
reactivation. Particularly, it is contraindicated in patients with a homozygous CYP2C9*3
genotype due to potential long-term safety concerns, with adjusted dosing recommended for

patients with specific genotypes'®°.

1.7.3.7. Cladribine

Cladribine, a nucleoside analogue of deoxyadenosine, accumulates within cells, inhibiting DNA
synthesis and repair, leading to subsequent apoptosis, with a prominent effect on
lymphocytes'*. It was approved in Europe in 2017 as a first-line therapy for RRMS patients
with high disease activity or those unresponsive to other DMTs, and as second-line therapy in
the United states of America ® in 2019 for RRMS patients failing other DMTs or with active
SPMS. Administered orally at a dose of 3.5 mg/kg over four cycles of five-day duration each,
during months 1, 2, 13, and 14 of the two-year trial, cladribine reduced the ARR by 58% and
135

the risk of confirmed disability progression over six months by 47% compared to placebo

Moreover, in the extension ftrial, patients shifted to placebo for the subsequent two years
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maintained treatment efficacy, with a considerable proportion remaining relapse-free'.
Consequently, cladribine was approved for two treatment courses during the initial two years,
with no further therapy required in years 3 and 4. Despite inducing transient lymphopenia,
which typically resolves within six months post-dose, cladribine demonstrated a favorable
safety profile, with infection and severe infection rates similar to placebo, except for a slight

increase in herpes zoster infections.

1.7.3.8. Natalizumab
Natalizumab, the first monoclonal antibody approved for RRMS, is a selective adhesion

136 |t achieves this

molecule inhibitor that inhibits the influx of inflammatory cells into the brain
by binding to the a4 subunit of a4p1 integrin found on immune cells' surface, thus impeding its
interaction with vascular cell adhesion molecule (VCAM1) on endothelial cells™®. In the phase
[l AFFIRM trial, natalizumab showcased a 68% reduction in ARR and a 42% decrease in

sustained disability progression compared to placebo™.

Post-marketing data further
supported its efficacy, particularly in patients transitioning from first-line therapies due to
inadequate response. However, its usage is often reserved for patients failing initial therapy or
those with aggressive disease due to the associated risk of progressive multifocal
leukoencephalopathy (PML), estimated at approximately 4.22 per 1000 patients'®. Factors
such as seropositivity for John Cunningham virus (JCV) antibodies, prior immunosuppressant
use, and treatment duration exceeding 2 years elevate PML risk'®. While the prevalence of
JCV antibodies in MS patients ranges from 50-60%, with an annual seroconversion rate of 8.5-
11.7%"° 0 the risk of PML can be stratified further using serum antibody levels, measured
as the antibody index'*'. Natalizumab, despite its PML risk, remains well-tolerated with a low
incidence of hypersensitivity reactions. Recent findings suggest that extending the dosing
interval up to 6-8 weeks maintains efficacy and potentially reduces PML risk®. Thus, extended

interval dosing may be considered, although long-term safety data is lacking.

1.7.3.9. Alemtuzumab

Alemtuzumab, a humanized monoclonal antibody approved for RRMS treatment, targets the
CD52 surface protein predominantly found on T and B lymphocytes, with minor presence on
other immune cells. In two phase Il randomized controlled trials (CARE-MS | and Il), including
treatment-naive individuals or those experiencing relapses on IFN-beta/GA, alemtuzumab at
a 12 mg/day dosage exhibited a 55% and 49% reduction in relapse risk compared to IFN-beta
1a subcutaneously'? 3. Among patients with prior relapses on IFN-beta/GA, there was a 42%

reduction in disability progression risk versus IFN-beta. A 9-year follow-up from both trials
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revealed that 62% of patients experienced no confirmed disability worsening over 6 months,
while 50% exhibited confirmed disability improvement®*. Its side effects include infusion-related
reactions, an increase in infection rates, and the occurrence of delayed secondary autoimmune
events, peaking in the third treatment year. These events encompassed thyroid disease (40%),
immune thrombocytopenia (1-2%), and sporadic cases of anti-glomerular basement
membrane disease'*. Recent reports have highlighted additional adverse events associated
with alemtuzumab, including stroke, listeria meningitis, acute coronary syndrome, acute
pneumonitis, and other autoimmune disorders'® '*¢. Consequently, its utilization has been

constrained to third-line therapy.

1.7.3.10. Ocrelizumab

Ocrelizumab (OCR), a recombinant humanized monoclonal antibody, targets the CD20 protein
present on B lymphocytes, leading to their selective depletion through various mechanisms'’.
It is administered intravenously as two initial doses of 300 mg given two weeks apart, followed
by 600 mg every six months. FDA and European Medications Agency approvals were granted
for both RRMS and PPMS in 2017. In two phase lll trials (Opera | and Il) involving RRMS
patients, ocrelizumab reduced ARR by 46-47% and lowered the risk of confirmed disability
progression over 24 weeks by 37-43% compared to IFN-beta 1a 44 ug 3x/week'’.
Ocrelizumab exhibited favorable safety profiles, with lower rates of serious infections
compared to IFN-beta and comparable overall incidence of serious adverse events. While a
slight increase in breast cancer incidence was noted in the ocrelizumab group, it fell within the
expected range for age-matched controls in various international MS registries'*®. Similar to
rituximab, ocrelizumab use was linked to heightened risk of coronavirus disease 2019 (COVID-

19) infection and diminished humoral response to vaccination'.

1.7.3.11. Ofatumumab

Ofatumumab is a human IgG1 kappa anti-CD20 monoclonal antibody that has also been
approved for RRMS treatment. Unlike other anti-CD20 therapies, ofatumumab is entirely
human-derived, administered monthly via SC injections at 20 mg doses. Compared to
teriflunomide, ofatumumab demonstrated superiority in two phase-3 randomized controlled
trials ASCLEPIOS | and I, each enrolling 900 patients'. Both trials indicated a significant
reduction in ARR among patients receiving ofatumumab (0.11 and 0.10) compared to those
on teriflunomide (0.22 and 0.25). Furthermore, ofatumumab-treated patients showed a
significant decrease in the confirmed disability worsening at 3 and 6 months, with a hazard

ratio of 0.7. Significant differences were also observed in gadolinium-enhancing lesions and
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new T2 lesions, favoring ofatumumab. Injection site reactions and injection-related systemic
reactions were the most common adverse events in phase lll clinical trials (11% and 20%,

respectively).

Similar to other chronic B cell-depleting DMTs, patients on ofatumumab may experience
reduced humoral response to immunizations. Recently, a study reported the safety outcomes
of 1969 patients treated with SC ofatumumab every four weeks in Phase Ill clinical trials’.
The median duration at risk, spanning from the first dose of ofatumumab until 100 days after
the last, was 21 months (ranging from 0.0 to 51.8). Approximately 5.8% of patients
discontinued treatment due to adverse events. Infections were reported in 54% of patients,
primarily nasopharyngitis, upper respiratory tract infections, and COVID-19 infections.
Moreover, around 3% of patients experienced serious infections. Malignancies occurred in 11
patients (0.6%) during the observation period. As anticipated, serum immunoglobulin levels
were reduced, with approximately 23% and 1.5% of patients exhibiting IgM and 1gG levels

below the lower limit of normal, respectively.

1.7.3.12. Rituximab

Rituximab (RTX) is a chimeric anti-CD20 monoclonal antibody renowned for its B lymphocyte-
depleting properties, officially approved for various conditions such as B-cell malignancies,
rheumatoid arthritis, Wegener granulomatosis, and microscopic polyarthritis’?. Its off-label
usage extends to systemic and neurological immune-mediated disorders, including
neuromyelitis optica and myasthenia gravis. The use of RTX in MS has considerably emerged,
specifically after a phase 2 trial demonstrated its efficacy in RRMS patients'>®. Subsequent
open-label or observational studies from Sweden and other regions have supported RTX's

effectiveness and safety compared to alternative DMTs in MS patients'>*"’.

A pivotal multicenter randomized phase 3 trial (RIFUND-MS) comparing RTX versus dimethyl
fumarate, showed a significant decrease in relapse rates in the RTX cohort (3% versus 16%,
p=0-0060)"*®,

Rituximab has gained widespread use in the Middle East. In an observational study conducted
by Yamout et al.’®, they presented their findings on 89 patients (59 with RRMS and 30 with
PMS) treated with RTX. They noted a significant reduction in ARR from baseline to 0.11 in
RRMS (p < 0.0001) and from 0.25 to 0.16 in PMS patients (p = 0.593). Additionally, they
observed no clinical or radiological activity in 74% of patients after one year of RTX treatment.

Despite the absence of phase Il controlled trials, RTX's use for MS is rapidly expanding,
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particularly in countries like Sweden'®®. RTX offers advantages such as wider availability,
extensive long-term safety data, and lower cost compared to recently approved anti-CD20
medications. These factors, coupled with its convenient dosing regimen, make RTX widely
prescribed in regions where newer, more expensive DMTs may not be accessible or
affordable, especially among refugee populations or areas affected by political or economic
instability or conflict’® '®'. The dosing of RTX typically involves an induction dose of 1000mg
followed by maintenance doses of 500-1000 mg every 6 months, as commonly practiced. RTX
is generally well tolerated, with a low incidence of infusion reactions and minimal elevation of
liver function tests. However, due to its profound B lymphocyte depletion, the risk of
hypogammaglobulinemia and infections increases, as evidenced by population-wide
observational studies'®. Notably, during the COVID-19 pandemic, MS patients on RTX
generally recovered well, yet exhibited an increased risk of severe infection and hospitalization
compared to non-CD20 targeting DMTs'%* %4 Humoral response to COVID-19 vaccines was
compromised in rituximab- and ocrelizumab-treated patients, although cellular response

remained relatively intact'®®.

1.7.4. Treatment Algorithms for Relapsing-Remitting Multiple Sclerosis

The Middle East and North Africa Committee for Treatment and Research in Multiple Sclerosis
have recently published guidelines aiming to provide evidence-based recommendations to
guide clinicians in the treatment of MS®. The MENACTRIMS guidelines recommends the
below for the management of RRMS:

¢ In treatment-naive patients with moderately active disease, initiating moderate
efficacy DMTs like IFN-beta, GA, teriflunomide, or DMF is appropriate.

e For patients with highly active disease, initiating S1PR modulators, cladribine, B-
cell depleting therapies, or natalizumab (high-efficacy DMTs) should follow
thorough risk assessment and consideration of comorbidities.

e In cases of rapidly evolving aggressive disease, recommendations include
natalizumab, B-cell depleting therapies, or alemtuzumab after comprehensive risk
assessment and evaluation of comorbidities.

¢ Rituximab may be utilized off-label across activity levels, particularly in special
populations like refugees or in regions where other suitable options are either
unavailable or financially inaccessible.

o DMTs efficacy should assessed after one year of treatment. Suboptimal response
to a continuous DMT is defined as patients experience one or more relapses,

disability progression, or two or more active MRI lesions (Gd+ and/or new T2
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lesions), with the baseline being an MRI conducted six months after treatment
initiation.

For patients with moderately active disease showing suboptimal response to first-
line therapies, considering escalation to S1PR modulators, natalizumab, B-cell
depleting therapies, or cladribine is recommended.

In cases of highly active disease with suboptimal response to DMTs, escalating to
natalizumab, B-cell depleting therapies, cladribine, or alemtuzumab should be
considered.

Patients with rapidly evolving aggressive disease and suboptimal response to initial
DMT may consider a lateral shift among alemtuzumab, B-cell depleting therapies,
natalizumab, or autologous hematopoietic stem cells transplantation (AHSCT), with
decision factors including risk stratification based on anti-JCV antibody status, prior
immunosuppressant use, and comorbidities.

For breakthrough disease on second-line medications, lateral switching based on
risk stratification or AHSCT should be considered before resorting to third-line

therapies such as cyclophosphamide or mitoxantrone.

MENACTRIMS 2023 Algorithm for Treatment of RRMS

Fingolimod, Siponimod, Fingolimod, Siponimod, -
IFN B & Ponesimod, . Ponesimed, spEom, Rituximab*
GA* Natalizumab, Natalizumab, Cladribine, Alemtuzumab,
Ter Cladribine, Ocrelizumab, Ocrelizumab,
DMF Ocrelizumab, Ofatumumab, Ofatymt_lmab.
Ofatumumab Ublituximab Ublituximab

Suboptimal Response: Consider Therapy Escalation

Fingolimod, Siponimod, Ponesimod, Natalizumab, Alemtuzumab, Natalizumab,
Natalizumab, Cladribine, Ocrelizumab Cladribine, Ocrelizumab Alemtuzumab,
Ofatumumab, Ublituximab Ofatumumab, Ublituximab Ocrelizumab, Ofatumumab,
Ublituximab,

stem cell transplantation*

Suboptimal Response: Consider Therapy Escalation

Rescue Therapy: Autologous hermr ietic stem cell rtation*-
Cy i i

one

*Off label use
fICV Ab negative

Figure 7. MEMACTRIMS RRMS Treatment Algorithm

Image Adapted from Yamout B et al. Mult Scler Relat Disord 2024 (83):105435. doi:
10.1016/j.msard.2024.105435.
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1.7.5. Treatment of Progressive MS
The treatment options for progressive MS are limited, but recent trials have shown promising

166

results with certain drugs'™. Mitoxantrone, although effective in reducing disability progression

and relapse rate in the short term (2 years), is currently less likely used due to significant

adverse events like cardiotoxicity (12%) and leukemia (0.8%)"®’.

Ocrelizumab is the only FDA-approved drug for PPMS, demonstrating a 25% reduction in the

risk of disability progression compared to placebo'®.

Siponimod, a second-generation S1P receptor modulator, has shown significant efficacy in
reducing disability progression and brain atrophy in SPMS patients'®®, leading to its FDA
approval for active SPMS.

Other immunosuppressants like cyclophosphamide, methotrexate, and mycophenolate have
shown some potential in short-term disability progression, but their effects haven't been

confirmed by large-scale trials'"*""2.

Therefore, the current treatment guidelines suggest the below for the treatment of progressive
MS*2:

e Consider siponimod or B-cell depleting therapies for active SPMS patients under 60
years old with an Expanded Disability Status Score < 6.5.

e Ocrelizumab is recommended for PPMS patients under 55 years old with EDSS < 6.5
and disease duration < 10-15 years. If ocrelizumab is unavailable, other B-cell depleting
therapies can be considered.

¢ Autologous hematopoietic stem cell transplantation is an option for active progressive
MS patients not responding to siponimod or ocrelizumab.

e For ambulatory SPMS patients not responding to recommended treatments or lacking
access, a trial of cyclophosphamide, methotrexate, or mycophenolate may be

considered.

1.8. Quality of life and Burden of the Disease

MS poses significant economic and social challenges due to its impact on various aspects of
life, including quality of life, employment, social relationships, and productivity’®>. While the
economic burden of MS in high-income countries has been extensively studied, there is limited
information available on the costs of MS in low- and middle-income countries (LMICs). To
address this gap, a systematic literature review was conducted to gather prevalence or

incidence-based cost data of MS in LMICs'"3. This review identified economic data from ten
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countries: Latin America, Argentina, Colombia, Mexico, Brazil, Turkey, Thailand, Jordan, Iran,
China, and Russia. The annual cost per patient varied widely, ranging from 463 to 58,616 USD.
Discrepancies in costs were observed across studies and countries, primarily due to variations
in the inclusion of DMTs, cost items, methodological approaches for estimating healthcare
resource consumption, and accounting for informal care and productivity losses. The total
costs escalated with increasing disease severity, with moderate MS being 1-1.5 times more
costly than mild MS, and severe MS being approximately twice as expensive as mild MS. In
less severe cases, MS drug costs were the primary cost driver, while direct nonmedical costs
and indirect costs became more significant with greater disease severity. Consequently, MS

imposes a considerable economic burden on healthcare systems and societies in LMICs.
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Chapter Il. Research Context and Objectives

I1.1. Rationale and Aims

Over the past decade, there has been a significant expansion in the therapeutic options
available for MS. New and more potent DMTs with diverse mechanisms of action are
increasingly being administered early in the course of the disease. These newer DMTs have
shown promising efficacy and a favorable safety profile in Phase Il clinical trials. However,
their long-term benefits and potential adverse events are still not fully understood. Additionally,
in the current landscape of MS treatment, determining the most suitable therapy for each
patient remains a topic of debate. There is a lack of evidence supporting the superiority of one
DMT over another, as well as a shortage of biomarkers to accurately predict which patients
will benefit most from specific medications. Clinical trials often involve cohorts that may not
accurately represent the general population, and the monitoring process within these trials may
not reflect real-world conditions. Furthermore, there is a scarcity of head-to-head trials
comparing newer DMTs. Specifically in the MENA region, there is a lack of studies
investigating the long-term safety and efficacy of DMTs. Consequently, clinicians cannot solely
rely on RCTs to determine the most appropriate DMT for each patient, resulting in a lack of
clear recommendations in clinical practice guidelines when sufficient data-driven evidence is

lacking.

On the other hand, there is a lack of consensus on the definition of treatment failure, and the
absence of agreement on various outcomes that could predict the future course of the disease
further complicates treatment decision-making. Choosing between high-efficacy DMTs for MS
treatment is often a complex decision that necessitates personalized discussions between
patients and healthcare providers, taking into account the potential benefits and risks

associated with each option in the context of the patient's individual disease course.

Therefore, the objective of this project was to evaluate the long-term safety and efficacy of

high-efficacy DMTs among MS patients in the MENA region.

To achieve this goal, we first examined the availability and accessibility of DMTs across
different countries in the MENA region and identified barriers to MS treatment (Study #1).
Subsequently, we conducted an in-depth investigation into the accessibility of DMTs in
Lebanon, a MENA country experiencing critical medication shortages due to an economic
crisis since 2019 (Study #2).

Having established the landscape of available therapies and identified access barriers in the
MENA region, we then proceeded to assess the long-term safety of these therapies, with a

particular focus on infections such as COVID-19 (Study #3) and PML a rare viral brain infection
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associated with natalizumab (Study #4). Regarding long-term efficacy, we evaluated the
effectiveness of high-efficacy DMTs in patients after natalizumab cessation (Study #4) and
compared the effectiveness of natalizumab versus anti-CD20 monoclonal antibodies (Study
#5) using data from the MENACTRIMS registry.

To sum up, the main objectives of this project were:

1. To identify the different disease-modifying drugs available for the treatment of

MS and the barriers to access treatment in each country of the MENA region

2 To assess the quality of life (QOL) among a cohort of Lebanese MS patients

and identify barriers to treatment during the economic recession

3. To evaluate the severity of COVID-19 infection among MS patients treated with
high-efficacy DMTs

4. To determine the most effective and tolerable DMTs to switch to after

natalizumab treatment discontinuation due to positive serum JCV antibody

5. To compare the effectiveness and safety of natalizumab and anti-CD20

monoclonal antibodies

Il.2. The MENACTRIMS Registry

The MENA region is located at the crossroads of Africa, Asia, and Europe. Geographically, it
spans from the easternmost part of North Africa, including countries along the Mediterranean
Sea such as Morocco, Algeria, Tunisia, Libya, and Egypt, to the westernmost part of Asia,
encompassing countries in the Middle East such as Lebanon, Syria, Iraq, Jordan, Palestine,
and Saudi Arabia'®. The region is bordered by the Mediterranean Sea to the north, the Red
Sea to the northeast, the Arabian Sea and Indian Ocean to the southeast, and the Atlantic

Ocean to the west.

The MENACTRIMS is an independent, non-profit organization dedicated to fostering
collaboration among clinicians and scientists. Its primary goal is to advance research and
improve clinical outcomes for MS within the MENA region’®. MENACTRIMS focuses on several
key objectives, including the establishment of National and Regional MS registries, the
development of updated diagnostic and therapeutic guidelines, the organization of bi-annual
congresses, the encouragement of young researchers, and collaboration with relevant regional

associations.
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Established on March 16, 2016, the MENACTRIMS Registry stands as the largest MS registry
in the MENA region, encompassing over 12,000 patients with an average follow-up duration
of 10 years'’®. Participating countries in the registry include Egypt, Iran, Saudi Arabia, Kuwait,
Lebanon, Tunisia, Oman, UAE, and Algeria. Each participating center is required to have at
least one principal investigator responsible for maintaining data accuracy and conducting local

registry audits, with assigned Pls completing iMED training.

Data entry into the MENACTRIMS Registry is facilitated through licensed software such as
iMed, which integrates collected patient data. Assigned Pls in each center enter patient
information into the database, which is then uploaded to a central server and incorporated into
the MSBase global registry. Notably, patient data remains under the ownership of
investigators, with each individual having the ability to extract their own database. Patient
confidentiality is maintained through the assignment of unique identification codes, with no

identifiable information uploaded to the MSBase Registry.

Ethical requirements for data entry include obtaining ethics approval/exemption and securing
patient consent, either verbally or in writing. The system generates patient reports as needed,

and physician-specific statistical analyses can be extracted at any time through MSBase.

The MENACTRIMS Registry captures comprehensive data on various aspects of MS,
including demographics, past medical history, disease characteristics, symptoms, diagnostic

findings, laboratory tests, visits, relapse details, and treatment regimens.

To ensure the quality of data and oversee registry operations, a MENACTRIMS registry
committee has been established. This committee is responsible for auditing data quality,
allocating funds, and preparing annual progress reports, thus ensuring the integrity and

effectiveness of the registry in advancing MS research and treatment within the MENA region.

I1.3. Methodological Aspects

The first study was a descriptive, survey-based study whereby we extracted data collected,
between October 2019 and April 2020, for countries in the MENA region by the MSIF through
their Atlas of MS survey. The aim of the third Atlas of MS was to provide comprehensive,
globally accessible information regarding MS epidemiology and management, with particular
emphasis on barriers to healthcare and DMTs accessibility. Data covering the following topics
was collected via an international survey (Appendix 1) completed by experts from diverse
countries worldwide during the specified timeframe: diagnostic criteria used, barriers to
diagnosis, types of DMTs used and barriers to accessing them, symptomatic therapies,
rehabilitation, number of health care professionals in the country, national guidelines and
standards for MS diagnosis and treatment. Four our study, only data related to DMTs and

barriers to accessibility was extracted and analyzed.
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Similarly, the second study was also a survey-based, cross-sectional study conducted in
Lebanon between June and September 2022. During this study, a structured questionnaire
(Appendix 2) was administered by two trained investigators via phone calls to randomly
selected Lebanese MS patients. Patients’ demographics, medical information, QOL
assessment using the MS International QOL (MusiQoL), and information related to barriers in
accessing MS therapies were collected and analyzed. This study was approved by the

Institutional Review Board (IRB) of the Lebanese University.

As for the studies assessing the long-term safety and efficacy of DMTs, data was extracted
from the MENACTRIMS registry using standardized data collection sheets for each study. The
MENACTRIMS registry was approved by the IRB of the American university of Beirut
(Appendix 3).

o Purpose: Long-term safety and efficacy of high-efficacy DMTs in MS patients in the MENA region.
o Objectives:
1.1dentify available DMTs and access barriers.
2.Evaluate the quality of life in MS patients.
iAo lo [T d o) g [t 3.Assess COVID-19 severity in MS patients on DMTs.
Rationale 4.Investigate outcomes post-natalizumab treatment cessation.
5.Compare effectiveness of natalizumab and anti-CD20 monoclonal antibodies.

o Study 1: Barriers to accessing DMTs in the MENA region. \
o Study 2: Impact of the Lebanese economic crisis on MS treatment and quality of life.

Safety Study:
o Study 3: Risk factors and outcomes of COVID-19 severity in MS patients using high-efficacy DMTs.

Stu d Safety and Efficacy Study:
y o Study 4: Safety and effectiveness post-natalizumab discontinuation.

Summaries

Efficacy Study:
o Study 5: Comparative effectiveness of natalizumab vs. anti-CD20 antibodies in relapsing-remitting MS. /

o Comparative Studies: More head-to-head trials of DMTs.

o Longitudinal Studies: Impact of healthcare disparities and socioeconomic factors on MS care.
o Personalized Medicine: Research on biomarkers to guide treatment.

o Discontinuation Studies: Long-term effects of treatment cessation.

o Registry Expansion: Broader data from the MENACTRIMS registry.

Figure 8. Project Summary
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Chapter Ill. Barriers to Accessing Multiple Sclerosis Disease-modifying
Therapies in the Middle East and North Africa region: A Regional
Survey-based Study

lll.1. Background

MS is a debilitating neurological disorder that requires timely and effective treatment to manage
its progression. However, access to DMTs remains a significant challenge, particularly in the

MENA region, where socioeconomic disparities impact healthcare availability.

Given the critical role of timely and effective MS treatment in improving patient outcomes, it is
essential to understand and address the barriers to accessing DMTs. This research study was
conducted to evaluate the accessibility of DMTs across the MENA region, identify the key
barriers to treatment access, and propose recommendations for enhancing the availability of
MS therapies. By shedding light on the regional disparities in MS treatment, this study aims to
contribute to the development of targeted strategies that can improve healthcare equity and

outcomes for people with MS (PwMS) in the MENA region.

This work was published in Multiple Sclerosis and Related Disorders (MSARD) journal
(Appendix 4), and its significance was further highlighted in an editorial written after its
publication (Appendix 5). Moreover, it was presented as a poster presentation in European
Committee for Research and Treatment in Multiple Sclerosis (ECTRIMS) and MENACTRIMS

congresses in October and November 2022, respectively.
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Abstract

Background: Multiple sclerosis (MS) management varies markedly between different
countries of the Middle East and North Africa (MENA) region based on the availability and
accessibility of disease-modifying therapies (DMTs).

Objective: To evaluate the accessibility to DMTs in each MENA country, identify barriers to
treatment and make recommendations for improved access to DMTs across the region.
Methods: This is a descriptive, survey-based study whereby we extracted data collected,
between October 2019 and April 2020, for countries in the MENA region by the Multiple
Sclerosis International Federation (MSIF) through their Atlas of MS survey.

Results: 16 out of 19 countries in the MENA region were included in this study. Sudan and
Syria did not have any originator DMTs approved. Interferons were the most widely low-
efficacy originator approved DMTs. Three countries did not have any high efficacy DMTs
approved. Moreover, follow-on DMTs were approved in half (50%) of the countries. Cost of
treatment was the most important barrier, reported in nearly half (47%) of the MENA countries.
Conclusion: Although most MENA countries have access to DMTs, more than half of
countries report problems with treatment continuation, highlighting the need for a targeted

regional strategy to address the variations in access to MS treatments.

Keywords: barriers, access, treatment, multiple sclerosis, disease-modifying therapies,
MENA
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111.2. Introduction

The MENA is a diverse and large region encompassing more than 20 countries in North Africa
and the Middle East. There has been a worldwide increase in the incidence and prevalence of
MS over the past decades, including the MENA region. The estimated global number of PWMS
increased by 21.7% between 2013 and 2020 according to the latest Atlas of MS published by
the Multiple Sclerosis International Federation (MSIF)'. The Atlas of MS recorded an increase
in the prevalence of MS in Middle-Eastern countries from 24 per 100,000 to 33 per 100,000
between 2013 and 2020. Moreover, epidemiological studies®® from the MENA region showed
a rising MS prevalence during the first two decades of the 21st Century, with studies from
Lebanon*, United Arab Emirates (UAE)®®, Qatar’ and Bahrain® showing rates in the range of
10-11

55-65/100,000. Even higher prevalence rates were reported from Kuwait® and Iran
between 104 and 151/100,000.

ranging

Despite shifting of the MENA region from a low to moderately-high prevalence zone for MS
and publication of the MENACTRIMS consensus recommendations for diagnosis and
treatment'?, management of the disease still varies markedly between countries based on
DMTs availability, accessibility, and reimbursement. In general, introduction of novel DMTs in
most MENA countries is usually delayed, as drug approval can take several months to years

once approved for use by the US FDA or EMA, depending on the country.

To our knowledge, there are no published studies assessing the accessibility to DMTs across
different countries of the MENA region. In order to gain better understanding of treatment
accessibility and explore potential common areas of need in the MENA region, we carried out
an in-depth analysis of the Arab region Atlas of MS data, focusing on accessibility to originator,

follow-on and off-label DMTs in each country and identified barriers to MS treatment.

111.3. Methods

In April 2021, MSIF published the third Atlas of MS' with the aim of providing open-source,
global information on MS epidemiology and management with particular emphasis on barriers
to healthcare and DMTs accessibility. Data covering the following topics was collected via an
international survey (Appendix 1) completed by experts from different countries around the
world between October 2019 and April 2020: diagnostic criteria used, barriers to diagnosis,
types of DMTs used and barriers to accessing them, symptomatic therapies, rehabilitation,
number of health care professionals in the country, national guidelines and standards for MS
diagnosis and treatment. English, Spanish, and French versions of the survey were available
to encourage greater response rates and collaboration with all national experts. The survey

was piloted prior to launch to test clarity, understanding and ease of completion. All MS experts
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provided consent to participate in the survey. As no patient data was included, no ethical

approval was required.

Country coordinators, typically representatives from MS organizations, neurologists,
epidemiologists or researchers with expertise in MS, were identified in each country and asked
to complete the survey by making use of all possible sources of information available to them
including publications, presentations, registries, government/health system statistics,
administrative data sets, electronic medical records, and through collaboration with other
experts in the country where possible and/or necessary (expert opinion). Survey responses
covered 85%—91% of the population in each World Health Organization (WHO) region (Europe
(89%), Americas (89%), South East Asia (90%), Eastern Mediterranean (91%), Western
Pacific (85%), except for Africa with only 42% of the population represented’. A glossary of
terms (Appendix 6) was provided within the survey, to improve uniformity and comparability

of the information received.

This is a descriptive, survey-based study in which we extracted data from the Atlas of MS
relevant to countries in the MENA region. Only answers for questions 11 to 32 in the full survey,
which related to DMTs and barriers to accessibility, were entered into an Excel Spread sheet

and analyzed using frequencies.

We assessed the local regulatory approval of originators versus follow-on DMTs in each MENA
country. Originator DMT was defined as the product that was first authorized worldwide for
marketing (typically patented) on the basis of documentation of its efficacy, safety, and quality
according to requirements at the time of authorization'. Follow-on DMT was defined as a
medication similar to a pre-existing DMT - but with some minor modifications, creating slight
changes in drug action or adverse effects - used to treat the same condition which is MS in
this case'. We also investigated the use of on-label versus off-label DMTs across the region.
On-label DMT is a drug used for a condition for which it has been officially approved. Off-label
use is the use of drugs for an unapproved indication. Interferons beta 1a and 1b, glatiramer
acetate, teriflunomide, dimethyl fumarate, fingolimod, siponimod, cladribine, natalizumab,
ocrelizumab alemtuzumab and mitoxantrone are US FDA and EMA approved for the treatment
of MS'™'®. Conversely, rituximab, azathioprine, cyclophosphamide, fludarabine, fumaderm,
leflunomide, methotrexate, and minocycline are used off-label'’. For the purpose of this
analysis, DMTs were divided into three categories based on their presumed efficacy: low,

821 or real world

moderate or high efficacy. This was based on either head to head trials
evidence based on propensity score matching comparisons®*?*. The different barriers to
treatment reported were stratified by Gross National Income (GNI) per capita. GNI is defined
and reported by the World Bank and allows classification of countries into high, upper middle,

lower middle, and low income. In the MENA region, Kuwait, Oman, Qatar, Bahrain, Saudi
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Arabia, and UAE are considered high-income countries. Irag, Lebanon and Libya are upper-
middle income. Algeria, Egypt, Morocco, Palestine, and Tunisia are lower-middle income and

Sudan, Syria, and Yemen are low-income countries®.
lll.4. Results

lll.4.1. Participating Countries

16 countries in the MENA region that contributed data to the Atlas of MS were included in this
study: Algeria, Egypt, Iraq, Lebanon, Libya, Morocco, Palestine, Sudan, Syria, Tunisia, Yemen,
Kuwait, Oman, Qatar, Saudi Arabia, and UAE. Although very limited data was provided by
Yemen, such data were included where available. The Gulf countries in this study refer to
Kuwait, Oman, Qatar, Saudi Arabia, and UAE.

lll.4.2. Regulatory Approval of DMTs in the MENA Region

Two countries did not have any originator DMTs approved (Sudan and Syria). Among low
efficacy originator DMTs, interferons were the most widely approved DMTs (14/16 or 88% of
countries) followed by glatiramer acetate (50%) and pegylated interferon (25%) (Figure 1). As
for the moderate-efficacy DMTs, fingolimod was approved in 12 out of 16 countries (75%)
followed by dimethyl-fumarate and cladribine, each approved in 8/16 countries (50%).
Siponimod was only approved in Kuwait at the time of this analysis. Three countries (19%) did
not have any high efficacy DMTs (natalizumab, ocrelizumab and alemtuzumab) approved.
Natalizumab and ocrelizumab were approved in 12/16 (75%) and 10/16 (63%) of countries,

respectively and alemtuzumab in 6/16 (38%).

% countries with regulatory approval for originator DMTs

Aubagio (Teriflunomide)
Plegridy (Peginterferon-beta 1a)
Betaferon (Interferon-beta 1b)
Avonex (Interferon-beta 1a)
Copaxone (Glatiramer acetate)
Mayzent (Siponimod)

Gilenya (Fingolimod)

Tecfidera (Dimethyl fumarate)
Mavenclad (Cladribine - oral)
Ocrevus (Ocrelizumab)

Tysabri (Natalizumab)

Lemtrada (Alemtuzumab)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
MENA = Middle East and North Africa; DMTs= Disease-Modifying Therapies

Figure 1. Percentage of MENA countries with Regulatory Approval for Originator DMTs
Green = High efficacy; Yellow = Moderate efficacy; Red = Low efficacy
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On the other hand, follow-on DMTs (generic or copy) were approved in half (50%) of the MENA
countries (Figure 2). Follow-on fingolimod received approval in 5 countries (36%): Libya, Syria,
Tunisia, Saudi Arabia and United Arab Emirates. Follow-on dimethyl fumarate and
intramuscular interferon beta 1a were each approved in 3 countries (21%). Follow-on
glatiramer acetate was only approved in Tunisia and follow-on interferon beta 1b and

teriflunomide were both approved in Syria.

% countries with regulatory approval for follow-on DMTs

Follow-on Teriflunomide
Follow-on Interferon-beta 1b
Follow-on Interferon-beta 1a
Follow-on Glatiramer acetate

Follow-on Fingolimod
Follow-on Dimethyl fumarate
Any follow-on DMTs approved

0% 10% 20% 30% 40% 50% 60%

MENA = Middle East and North Africa; DMTs= Disease-Modifying Therapies

Figure 2. Proportion of MENA countries with Regulatory Approval for Generic and
Follow-on DMTs
Yellow = Moderate efficacy; Red = Low efficacy

111.4.3. Use of On- and Off-Label DMTs in the MENA Region

Thirteen countries in the MENA region reported the use of off-label DMTs (Figure 3), including:
rituximab, azathioprine, cyclophosphamide, fludarabine, fumaderm, leflunomide,

methotrexate, and minocycline.

Sudan reported lack of access to any approved DMT, but did report access to off-label DMTs;
however, no high efficacy DMTs, either on- or off-label, were available. Sudan is the only

country in the MENA region lacking access to any high efficacy DMT.

In Syria, none of the on-label high efficacy DMTs were available, but report access to rituximab,
an off-label high efficacy DMT widely used in MS worldwide. Overall, rituximab was used in
11/15 (73%) countries.
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The most commonly used on-label DMTs in the MENA region countries were natalizumab
(87%) as high efficacy DMT, fingolimod (87%) as moderate efficacy DMT and interferons (beta
1a and 1b, 93% and 87% respectively) as low efficacy DMTs. Among off-label DMTs,
azathioprine (low efficacy) and rituximab (high efficacy) were the two most widely used (73%
of both) (Figure 3).

Figure 3: DMTs in Use in MENA by Country
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Figure 3A: Number of DMTs Available in Each Country with Proportions of On-label
DMT Efficacy and Off-label DMT use Indicated
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Figure 3B: List of DMTs in Use by Country

111.4.4. Barriers to Treatment

The major barriers for PWMS to access DMTs sorted by country and GNI per capita are shown

in Figure 4. Overall, 9 countries (56%) reported some barriers to treatment access.

Cost of treatment, which refers to cost for governments, healthcare providers, or insurance

providers, was the most important barrier, reported by nearly half (47%) of the countries.

Access to specialized medical equipment or tests to monitor treatment were readily available
in all Gulf countries, but 40% (6/16) of MENA countries reported lack of specialized medical

equipment and tests.

Around a third of the countries (5/16) reported poor adherence to prescribed DMTs, primarily

due to high out of pocket cost, inability to travel, or fear of adverse effects.

Other reasons for non-accessibility to DMTs included: availability of DMTs only in some areas
of the country or in few hospitals (4/16), non-availability of the complete range of DMTs (4/16),
lack of neurologists specialized in MS (4/16), and lack of awareness among health care

professionals regarding the safety, efficacy and administration of DMTs (3/16).

Based on the reports given, the number of barriers to treatment access appears to be linked
with GNI per capita. High income countries (Gulf countries) report the fewest barriers, while

low income countries report the highest number of barriers.
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Figure 4. Major Barriers to Treatment by Country, sorted by GNI per Capita

111.4.5. Cost of DMTs

The most commonly reported barrier to treatment access in the MENA region was treatment
cost for governments, healthcare providers and insurance providers. On the other hand, in
67% (10/15) of countries, PWMS are required to pay for a proportion of their treatment. In 4 of
these countries (Morocco, Sudan, Qatar and Palestine), over half of them have to contribute
towards the cost of DMTs, while in the remaining 6 countries the proportion is < 25%. In most
MENA countries however, MS patients who do contribute to DMT payment, typically pay less
than 25% of the total cost except for Sudan where it can reach 75% and Egypt and the UAE
where it can go up to 50%.

There are different reasons why PWMS pay towards the cost of DMTs. It is either due to lack
of health insurance (Morocco, Oman and UAE), or lack of coverage of DMTs by their health
insurance (Sudan and UAE). In other cases, health insurance covers DMTs, but the
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recommended DMT is not on the approved list of therapies or they do not meet the eligibility

criteria (Egypt, Morocco, Palestine, and UAE).

lll.4.6. Continuous Access to DMTs after Treatment Initiation

More than half (56%) of the MENA region countries reported issues with continuing treatment
due to irregular supply (9/16), lack of monitoring tests required to prove continued eligibility for
treatment continuation (3/16), need for regular renewal of reimbursement (2/16) or time-limited
supply of DMTs (1/16) (Figure 5). The most common barrier to treatment continuation was
irregular supply of DMTs, reported by 56% of countries. Algeria, Sudan, and Yemen require
proof of eligibility to continue treatment. Morocco is the only country reporting a time-limited
supply of DMTs. Lebanon, Tunisia and the Gulf countries are the only countries with

continuous access to MS treatments after treatment initiation.
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[ Discontinuous access to DMTs .| I Irregular DMT supply B Regular renewal of reimbursement is
’ y required to continue DMT administration
[ Excluded countries (unavallable data) [ Lack of tests required to prove B MS patients only permitted DMT for a

continued treatment eligibility

limited amount of time {e.g. 2 years)

DMTs= Disease-Modifying Therapies; MS=Multiple Sclerosis

Figure 5. Continuous Access to DMTs after Treatment Initiation

lll.5. Discussion
The treatment of MS has evolved exponentially over the last three decades with the
introduction of high efficacy DMTs targeting different immunological pathways. This is the first

study evaluating access to MS therapies in the region.

This study showed that DMTs, including high-efficacy DMTs, are used in most MENA

countries. However, there were significant disparities across the region with some countries
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having access to most DMTs such as Kuwait, Oman, Saudi Arabia, UAE and Qatar, while for
others such as Tunisia, Algeria, Syria, Iraq and Sudan, the therapeutic options were limited,
especially for high efficacy DMTs. This disparity is likely due to the considerable disparities in
socioeconomic status across countries of the MENA region. According to a 2018 study by the
World Inequality Lab®®, the Middle East is the most unequal region in the world with a regional
economic inequality as high as that measured within some of the most unequal countries, such
as Brazil and South Africa. Other potential factors contributing to this disparity are political
instability and wars in countries like Syria, Sudan, Palestine, Libya and Yemen. Inequity to
accessing DMTs within countries is also an important factor to consider; availability and
affordability of DMTs can vary greatly depending on which DMTs are covered by a particular

health system scheme or insurance.

Compared to other parts of the world, 88% of MENA countries reported having access to
approved originator DMTs which is similar to Southeast Asia (83%) and Western Pacific (89%)
but lower than Europe (98%) and the USA (94%) according to the latest Atlas of MS'. Follow-
on DMTs are also available in half of the MENA countries, which is slightly lower than the
global average of 64% as per global MSIF data'. Follow-on DMTs are important, especially in
low income countries, due to their lower price and local production in some cases. In that

respect, they might fill an important gap in treatment access for PwMS.

The high accessibility to DMTs across the MENA region is due to multiple factors including
increased number of specialized MS neurologists, emergence of multidisciplinary MS Centers
which are now participating in global multicenter clinical trials, the foundation of MENACTRIMS
which created a regional organization that has gradually become the most significant stimulus
for clinical education, research and awareness about MS among health care professionals and
patients’ societies, the publication of regional treatment guidelines'?, and the establishment of
the MENACTRIMS registry?’.

The proportion of countries that reported using off-label DMTs in the MENA region was similar
to the global average (87%). Among off-label DMTs, azathioprine and rituximab were the most
commonly used. The main reasons for the use of off-label DMTs were lack of availability of
similar approved DMTs in countries such as Syria where rituximab was the only available high-
efficacy DMT, or the unaffordability of originator DMTs. An example highlighting the use of off-
label DMTs in the MENA region is the Lebanese experience in treating refugees®. Zeineddine

et al.?°

reported the use of rituximab and off-label immunosuppressive medications, such as
mycophenolate mofetil, cyclophosphamide, azathioprine, and methotrexate, in Syrian and
Palestinian refugees who had no insurance coverage for their chronic medications and could
not afford expensive DMTSs. In fact, rituximab was the most cost-effective therapy for refugees.

The use of off-label DMTs was further encouraged by the recent publication of the MSIF
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guidelines for the use of off-label azathioprine and rituximab for the treatment of MS in low-
resource settings®.

The most important barrier to MS treatment reported in the MENA region as well as

worldwide®® 3

was treatment cost to governments, healthcare system and insurance providers,
cited by experts in around half of all reporting countries. In addition, it was not uncommon for
PwMS to pay part of the cost of their DMTs. This was reported in 63% of the MENA countries
which is slightly higher than the global rate of 57%. Although in most MENA countries
contribution to DMT payment was less than 50% of the total cost, this co-payment could be
considerable given the high price of most DMTs, making treatment unaffordable for many
PwMS. In fact, the prices of DMTs have risen dramatically over the last 15 years, far outpacing
inflation, with a current mean price of more than $86,000 per year to treat one person®. Similar
to our findings, a study from the USA® showed that half of the PWMS reported difficulty
accessing DMTs due to high out-of-pocket costs and approval requirements by insurance. The
second most common barrier to MS treatment was access to specialized medical equipment
or tests to monitor treatment, reported by 40% of MENA countries, which was higher than the

global rate (27%)".

Our study showed that the number of barriers to treatment appeared to be linked to the GNI
per capita. High income countries (Gulf countries) reported the fewest, while low income
countries reported the most barriers to access to DMTs. This can be explained by the fact that
MS is a chronic disease with huge economic burden on healthcare systems and societies, with
direct costs of prescription drugs and indirect productivity loss being important cost drivers.
A recent study from Lebanon®® reported an average per-person annual medical cost of $25,645

with DMTs accounting for the largest proportion of this cost.

Furthermore, more than half (56%) of the MENA region countries reported problems with
continuous provision of DMTs, which was higher than the global average of 48%’. The most
common barrier to continuous access to treatment was irregular supply of DMTs, reported by
56% of countries, which is much higher compared to the global average, where only 27% of

countries reported such issue’.

There are several limitations to our study which used data collected via the Atlas of MS
international survey. Although the Atlas of MS is one of the most comprehensive global data
sources on clinical management of MS, the initially collected data relied on expert opinions of
clinicians or specialists in each country since few peer-reviewed publications exist on the
availability and access to DMTs in the MENA region. However, we improved confidence in the
data collected by asking country coordinators to collaborate with other local experts when

submitting answers to the survey and to report data sources if available. Moreover, for relevant

Maya Zeineddine | Ph.D. Thesis | University of Limoges | 2024 57
License CC BY-NC-ND 4.0



questions in the survey, country coordinators were asked to indicate the source of their
information. Crucially, for the data presented in this article, most countries referenced
independent evidence such as data from academic papers or patient data (surveys or
registries). Another limitation is the fact that data collected is at a national level and might not

reflect disparities and barriers to treatment access within the country.

lll.6. Conclusion

In conclusion, our study shows that although most MENA countries have access to some
DMTs, whether originator, follow-on, or off-label, more than half of them report problems with
treatment access and continuation, especially in low and middle income countries.
Recognizing and addressing barriers to treatment access encountered by PwWMS is essential
to improve their quality of life and disease outcomes. Our study can support the development
of a comprehensive strategy for MS care in MENA countries which is a fundamental step to
improve person-centered management and promote the health of PwWMS. Such targeted
regional strategy needs to address the variations in access to treatment for PwWMS. A greater
investment in healthcare infrastructure devoted to MS is required in many MENA countries.
Since affordability was a key barrier to accessing DMTs, local reimbursement decisions should
be based on policies that improve affordability of a range of DMTs and continuity of treatment.
Given the widespread use of off-label DMTs, evidence-based guidance on the use of off-label
DMTs should be made available to support clinical decision-making and reimbursement

decisions.

In addition, local MS registries and databases need to be further developed in order to provide
epidemiological and clinical data to help assess, compare and enhance the status of PwWMS
across the MENA region. Finally, local MS patients’ societies should be supported, and their
role enhanced, as they can provide key services such as programs or resources to help PwWMS
navigate the complexity of accessing DMTs. Such strategies will allow better access to DMTs

in our MENA region, leading to significant benefits to PwMS and the whole healthcare system.
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Chapter IV. Quality of life and Access to Treatment of Patients with
Multiple Sclerosis in Times of Economic crisis: The Lebanese
Experience

IV.1. Background

Following the comprehensive analysis of barriers to accessing DMTs across the MENA region,
it became evident that socio-economic disparities significantly impact the availability and
continuity of MS treatment. The findings of the first study underscored the need for targeted
strategies to enhance treatment access, particularly in low- and middle-income countries
where economic constraints exacerbate healthcare inequities. Building on these insights, the
subsequent study focuses on the specific context of Lebanon, a country currently facing a
severe economic crisis that has further constrained access to essential MS treatments. This
study explores how the ongoing economic crisis has adversely affected the QOL of Lebanese
MS patients, with a particular emphasis on how treatment accessibility during this crisis has
compounded the challenges faced by this population. By linking the broader regional
challenges identified in the first study with the more focused analysis of Lebanon, this second
study collectively highlights the critical importance of addressing economic and healthcare

barriers to improve outcomes for MS patients both regionally and globally.

Similarly, to the first study, the results of this work was presented as a poster presentation
during the 7" MENACTRIMS Congress on November 11-12, 2022 in Cairo, Egypt.

Furthermore, the manuscript was submitted for publication in the Multiple Sclerosis journal

(MSJ) and is currently under review.
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Abstract

Background: Multiple sclerosis (MS) is a demyelinating disease of the central nervous system
that can lead to lifelong disability, significantly impacting patient’s quality of life (QOL). The
current Lebanese economic crisis led to limited accessibility to MS therapies and had a major

impact on QOL.

Objective: The aim of this study was to assess QOL in a cohort of Lebanese MS patients, and
its association with socio-demographic factors, disease characteristics, and treatment

accessibility.

Methods: A cross-sectional, survey-based study was conducted between June and
September 2022 in Lebanese patients with confirmed MS diagnosis as per the 2017 McDonald
criteria. Structured questionnaires were used to obtain (1) socio-demographic and medical
information, (2) QOL assessment using the MS International QOL questionnaire (MusiQoL),
and (3) information related to barriers in accessing MS therapies. All questionnaires were

administered via telephone call.

Results: A total of 350 MS patients were included in the study. Most participants (92.3%) were
diagnosed with relapsing-remitting MS and were females (65.1%) with a mean age of 39.45
+11.43 years. The mean MusiQol global index was 69.25 £11.53. In the multivariate analysis,
younger age, higher level of education, being employed, being married, living outside the
capital Beirut, and having no physical disability were significantly associated with higher
MusiQol global index scores. A total of 216 Lebanese MS patients (61.7%) had no access to
MS treatments due to the economic crisis. Treatment discontinuation and lack of governmental

or private insurance were significant predictors of lower MusiQol scores (p<0.05).

Conclusion: The economic crisis and resultant recession in Lebanon had a significantly
negative impacted on QOL and treatment accessibility of MS patients. Socio-demographic

factors, disease characteristics and treatment accessibility were strong predictors of QOL.

Keywords: quality of life, MusiQol, accessibility, disease-modifying therapies, multiple

sclerosis, economic crisis, Lebanon
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IV.2. Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease affecting the CNS and characterized
mainly by demyelination and neuronal loss. It predominantly affects patients aged 20 to 40
years'. MS is associated with clinical manifestations that can influence the patient’s personal

life and have considerable impact on their QOL".

Health-related QOL (HRQOL) is an important concept whereby the patient's health is
evaluated through physical, emotional, mental, and social components®’. These QOL
components can be affected by several sociodemographic and clinical factors®. Most studies
have shown that patients with MS have lower QOL compared to either healthy individuals or
even patients with other chronic diseases such as diabetes, congestive heart failure,
myocardial infarction and hypertension*®°. Disability, fatigue, depression, anxiety, quality of
sleep, pain, high medical costs and inability to work or carry-on usual life functions are some
of the determinants of poor QOL in MS patients®. A cross-sectional retrospective study
conducted in 16 countries, showed that, in France, fatigue and cognitive impairment had the
worst impact on QOL in patients with MS’. Another European multi-country cross-sectional
study® showed that disability status and primary progressive phenotype were negatively
correlated with HRQOL. In a cross-sectional analysis involving 949 MS patients, Berrigan et
al.® demonstrated that increased disability, depression, anxiety, fatigue, and physical
comorbidities were associated with decreased HRQOL in MS. Similarly, a study from Saudi
Arabia (KSA) identified psychological state, pain, vitality, sexual dysfunction, fatigue, financial
problems, employment difficulties, and the perception of MS within the community as risk

factors affecting QOL in patients with MS™.

In Lebanon, the economic crisis that started in 2019 and is still ongoing, led to unemployment,
poverty, business closures, inflation, limited access to foreign exchange and imports, and most
importantly critical shortage of medications. As a result, QOL of the Lebanese population in
general was negatively impacted, but more so for patients suffering from chronic diseases
including MS. The aim of this study was (1) to assess the QOL of Lebanese MS patients during
this economic crisis and (2) to determine the association of QOL with socio-demographic

factors, disease characteristics and treatment accessibility.

IV.3. Methods

IV.3.1. Study Design and Inclusion/Exclusion Criteria
This cross-sectional study was conducted among Lebanese MS patients over a period of 3

months. Patients older than 18 years, diagnosed with MS (RRMS or PMS) according to the

2017 McDonald criteria'" by a specialized neurologist and residing in Lebanon were included.
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Patients receiving their treatment outside Lebanon, those perceived to have clinically

significant cognitive deficits, and those who refused to fill the questionnaire were excluded.

IV.3.2. Data Collection

Data were acquired between July and September 2022, through a questionnaire completed by
two pharmacists for each MS patient via phone calls lasting 15-20 minutes. Prior to data
collection, a pilot study was conducted on 10 MS patients to estimate the time needed for
completion of the survey and to standardize the interview process. Patients were randomly
selected from the authors’ neurology clinics, all of whom experienced in MS management and
treatment. After a thorough explanation of the study’s purpose and assurance of anonymity,
confidentiality, and the right to withdraw from the study at any time, verbal informed consent
was obtained from every subject. The study was approved by the IRB of the Lebanese

University.

IV.3.3. Study Questionnaire

The questionnaire (Appendix 2) was constructed based on previous questionnaires adapted
in studies from Middle Eastern countries including Saudi Arabia'®, Oman?, Iran', and from
international studies™. It was developed in English and translated into Arabic, then back to
English for language validation. It consisted of 34 questions divided into three major sections.
Section one included sociodemographic (gender, age, district of residence, educational level,
marital status, employment, monthly income, family history, type of insurance and treatment
provider) and clinical variables (disease phenotype, disease duration, physical disability, and
presence of comorbidities). Section two consisted of the MusiQol questionnaire to assess
HRQOL. The MusiQoL is a multi-dimensional tool including 31 items divided into 9 dimensions:
activity of daily living (ADL); psychological well-being (PWB); symptoms (SPT); relationships
with friends (Rfr); relationships with family (Rfa); relationships with health care system (RHCS);
sentimental and sexual life (SSL); coping (COP); and rejection (REJ). The items were
answered using a five-point Likert scale, defined as ‘1 — Never/Not at all’, ‘2 — Rarely/A little’,
‘3 —Sometimes/Somewhat’, ‘4 — Often/A lot’, ‘5 — Always/Very much’ and each item is given a
score from 1 to 5'. Nine standardized scores of the dimensions and one global index ranging
from 0 to 100 can be derived. The higher the MusiQol score, the better the patient's HRQOL.
A score of up to 40 was considered poor HRQOL, a score of 40.01-80 was considered
moderate HRQOL, and a score = 80.01 was considered good HRQOL?. It can be applied
internationally based on previous testing of the construct validity, internal consistency,
reproducibility, and external consistency of the score. Internal consistency was satisfactory for
all dimensions where Cronbach’s alpha coefficients ranged from 0.68 to 0.92". To have

access to the Arabic version (Appendix 7)"°, a request was submitted to the developer who
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approved its use. The final section of the questionnaire assessed treatment accessibility. If
patients had no access to their MS treatment locally, two more questions were asked: the first
one regarding exit strategy: whether the patient was buying a DMT from abroad, substituting
it with other available MS treatments, modifying the dosage through skipping doses, or
discontinuing treatment altogether. The second question assessed the main reason for non-

accessibility to DMTs.

IV.3.4. Sample Size Calculation

The Epi InfoTM version 7.2.5.0 category "Population Survey" was used to calculate the sample
size. The Lebanese MS population size of was fixed at 2437 based on the latest study
conducted in 2018 to evaluate the incidence and prevalence of MS in Lebanon™®. The expected
frequency was fixed at 51.4% based on the cross-sectional survey conducted in 2019 on 177
Omani patients with MS using the MusiQoL instrument in which 51.4% of patients had poor
QOL, 48.6% had moderate QOL, and none had a good QOL?. The acceptable margin of error
was fixed at 5%, and the design effect and clusters were fixed to 1.0. With a 95% confidence

interval, a minimal sample size of 332 was needed to represent the Lebanese MS population.

IV.3.5. Statistical Analysis

The Statistical Package for Social Science (SPSS) version 23.0 was used for data entry and
data analysis. For accuracy, the data was audited by two investigators. Descriptive summaries
of sociodemographic and clinical characteristics were performed to describe the sample. Count
and percentage were used for categorical variables and median and range for numerical data.
In the bivariate analysis, group comparisons of MusiQol were performed using independent t-
tests and one-way analysis of variance (ANOVA) with post-hoc (Bonferroni) test. Pearson
correlations and simple linear regression were used to assess associations with quantitative
variables. Non-parametric Kruskal-Wallis H and Mann-Whitney U tests were used when the
normality of quantitative variables and/or homogeneity of variances conditions were not
satisfied. Variables showing a p-value < 0.2 on those sets of tests were then entered as
predictors into the forward multiple regression analysis. The unstandardized coefficient (R), p-

value (p), standardized coefficient (B), adjusted R2, and VIF were recorded.

The confidence interval (Cl) was set at 95% with a 5% margin of error. A p-value < 0.050 was

considered statistically significant for all tests.
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IV.4. Results

IV.4.1. Baseline Characteristics

Out of 597 MS patients contacted, 350 consented to participate in the study. The mean age
was 39.4 + 11.4, years and 65.1% (228) were females. One hundred sixteen (33.2%) patients

lived in the capital Beirut, and more than half (n=204, 58.3%) achieved college education. The

maijority of recruited patients (n=219; 62.6%) were married and employed (n=167; 47.7%).
Regarding clinical characteristics, 92.3% had RRMS (n=323), 77.4% had no physical
disabilities (n=271), and 78.8% had no concomitant comorbidities (Table 1).

Table 1: Baseline Characteristics of Patients

Characteristic All (n=350)
Age, years, mean (SD) 39.4 (11.4)
Disease duration, years, mean (SD) 8.5(6.2)
Females, n (%) 228 (65.1)
Residency, n (%)
e Beirut 116 (33.2)
e Bekaa 48 (13.7)
e Mount Lebanon 61(17.4)
e South 26 (7.4)
e North 99 (28.3)
Marital Status, n (%)
e Single 101 (28.8)
e Married 219 (62.6)
e Divorced 24(6.9)
o Widowed 6 (1.7)
Educational Level, n (%)
e Elementary School 154.3)
e High School 125 (35.7)
e University 204 (58.3)
e Uneducated 6 (1.7)
Employment, n (%)
e Employed 167 (47.7)
e Unemployed 181 (51.7)
o Retired 2(0.6)
Monthly Income Level in USD, n (%)
o 600-2,499 79 (22.6)
e 2,500-3,999 32(9.2)
e 4,000-6,999 26 (7.4)
o 7,000-12,999 12(3.4)
e >13,000 49 (14.0)
e No answer 152 (43.4)
Family History for MS, n (%)
e Yes 59 (16.9)
e No 291 (83.1)
Treatment Provider, n (%)
e Family Physician 3(0.8)
e Neurologist 227 (64.9)
e Specialized Neurologist/MS Center 120 (34.3)

Maya Zeineddine | Ph.D. Thesis | University of Limoges | 2024
License CC BY-NC-ND 4.0

68



Insurance Type, n (%)

e Governmental Insurance 232 (66.3)

e Private Insurance 48 (13.7)

e Self-Payers 70 (20.0)
MS Phenotype, n (%)

e RRMS 323 (92.3)

e PMS 27 (7.7)
Physical Disability, n (%)

e With any disability 79 (22.6)

e No disability 271 (77.4)
Comorbidities, n (%)

e None 276 (78.8)

e CVD/HTN 17 (4.9)

e Diabetes 4(1.1)

¢ Pulmonary diseases 2(0.6)

e Hepatic diseases 3(0.9)

e Autoimmune diseases 14 (4.0)

e Malignancy 2 83

e HTN and Diabetes .

c e 14 (4.0)
e Psychiatric diseases 9(2.6)
e Others

CVD: cardiovascular disease; HTN: hypertension; MS: multiple sclerosis; RRMS: relapsing-remitting multiple sclerosis; PMS:
progressive multiple sclerosis; SD: standard deviation; USD: U.S. Dollar

IV.4.2. MusiQol Scores

The reported mean MusiQol global index was 69.20 £ 11.50. Following categorization of the
global index, 68.1% had a MusiQol score ranging between 40.01 and 80.00, 26.8 % had a
score 280.01, and 4.8% had a score < 40.00 (Figure 1).

<40.00 =40.01-80.00 ==>80.01

Figure 1: Percentage of MS Patients in Each Category of the MusiQol Global Index
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The “COP” and “REJ” MusiQol dimensions recorded the highest scores (80.50 + 28.60 and
93.80 £18.10, respectively), while the “Rfr’ dimension scored the lowest (42.76 + 38.20) (Table
2).

Table 2: Mean of MusiQol Global Index and Dimension Scores

Dimensions of MusiQol Mean = SD
1. ADL 65.00 +28.70
2. PWB 66.10 +26.40
3. SPT 69.00 +24.10
4. Rfr 42.76 + 38.20
5. Rfa 77.20 +£26.90
6. SSL 51.60 +=35.10
7. COP 80.50 £+ 28.60
8. REJ 93.80+18.10
9. RHCS 77.10 £24.10
Global MusiQol score 69.20 £11.50

ADL: Activities of daily living; COP: Coping; MusiQoL: Multiple Sclerosis International Quality of Life; PWB: Psychological
wellbeing; REJ: Rejection; RHCS: Relationship with the healthcare system; Rfa: Relationship with family; Rfr: Relationship with
friends; SD: standard deviation; SPT: Symptoms; SSL: Sentimental and sexual life.

IV.4.3. Access to DMTs

Unfortunately, the majority of MS patients residing in Lebanon (n=216, 61.5%) had no access
to treatment during the economic crisis. The two main reasons for inaccessibility were
unaffordable high cost of the medications (n=100, 28.5%) and medication shortage (n=98,
27.9%). Patients unable to access their medications chose to discontinue treatment (n=87,
40.3%), buy medications from outside Lebanon (n= 55, 15.7%), shift to other available MS

medications (n= 54, 15.4%), or skip doses to avoid treatment discontinuation (n=20, 5.7%).

IV.4.4. Sociodemographic and Clinical Factors Associated with MusiQoL

The MusiQol global index was significantly associated with many of the socio-demographic,
clinical and treatment accessibility factors (Table 3). In bivariate linear regression analysis,
older age was associated with lower MusiQol scores (3= -0.42, p< 0.001). Men had higher
scores compared to women (mean + SD, 72.06 £ 15.10 vs 67.74 + 15.57, p= 0.013). Higher
education (mean + SD, 74.34 + 13.92, p<0 .001), being married (mean + SD, 70.78 + 14.32,
p< 0.001), being employed (mean + SD, 75.32 + 11.54, p< 0.001), receiving treatment at a
specialized MS center (mean = SD, 72.14 + 16.97, p= 0.039) and having no comorbidities
(mean £ SD, 70.30 £ 14.94, p= 0.001) were significantly associated with a higher MusiQol
score. Lower MusiQol scores were associated with having PMS compared to RRMS (mean +
SD, 57.79 £ 15.04 vs 70.20 + 15.20, respectively, p< 0.001), and with physical disability (mean
+ SD, 58.43 + 15.10 vs 72.38 + 14.22 respectively, p< 0.001).
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Regarding accessibility to DMTs, the MusiQol score was significantly higher in patients who
had access to therapy compared to those who did not (mean + SD, 72.14 1£13.97 vs
67.33+16.20 respectively, p= 0.005). In patients with no access to treatment, MusiQol score
was lowest among patients who discontinued their medication (mean £ SD, 60.80 £ 15.04, p
<0.001).

Table 3: Associations between MusiQoL Global Index and Patients’ Socio-demographic

and Clinical Factors: A Bivariate Analysis

Variables MusiQol Global Index, p-value
mean (SD)

Age (Years) 39.45(11.43) <0.001

Disease duration (Years) 8.54 (6.16) 0.062

Gender Male 72.06 (15.10) 0.013
Female 67.74 (15.57)
Residency Beirut 69.38 (16.49) <0.001
Bekaa 62.85 (14.99)
Mount Lebanon 75.53 (17.76)
South 67.60 (13.58)
North 68.74 (12.08)
Marital Status Single 69.94 (15.61) <0.001
Married 70.78 (14.32)
Divorced 57.39 (19.01)
Widowed 49.01 (8.32)
Educational Level Elementary school 52.63 (20.22) <0.001
High school 63.45 (13.81)
University 74.34 (13.92)
Uneducated 58.29 (14.63)
Employment Employed 75.32 (11.54) <0.001
Unemployed 63.98 (16.49)
Retired 38.42 (0.01)
Monthly Income Level 600-2,499 66.49 (15.59) <0.001
in USD 2,500-3,999 67.32 (15.59)
4,000-6,999 76.65 (9.30)
7,000-12,999 70.59 (12.36)
> 13,000 78.05 (11.63)
No answer 66.87 (15.30)
Treatment/Care At residency 67.63 (15.30) 0.005
Location Away from 72.62 (15.52)
residency
Insurance Type Governmental <0.001
Insurance
Private insurance
Self-payers
MS Phenotype RRMS 70.20 (15.20) <0.001
PMS 57.79 (15.04)
Physical disability With any disability 58.43 (15.10) <0.001
No disability 72.38 (14.22)
Comorbidities None 70.30 (14.94) 0.001
CVD/HTN 61.64 (12.68)
Diabetes 72.45 (5.07)
Pulmonary diseases 59.60 (0.00)

Hepatic diseases

30.43 (31.47)
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Autoimmune 74.00 (16.60)
diseases
Malignancy 61.30 (4.02)

HTN and diabetes 63.05 (29.49)

Psychiatric diseases 61.67 (11.60)

Access to DMT

Yes 72.14 (13.97)

0.005

No 67.33 (16.20)

Values are mean (standard deviation); p-values calculated using student t-test, Pearson’s correlation coefficient, One-Way
ANOVA, and Kruskal-Wallis test. p<0.05 indicates significant association/ MusiQol: Multiple Sclerosis International Quality of Life;
CVD: cardiovascular disease; HTN: hypertension; MS: multiple sclerosis; PMS: Progressive multiple sclerosis; RRMS: relapsing-
remitting multiple sclerosis DMT: disease modifying therapy; SD: Standard deviation

IV.4.5. Predictors of HRQOL in MS

Multiple linear regression was run for each dependent variable, the MusiQol index and its

dimensions to determine the main predictors of HRQOL. When evaluating the MusiQol index,

the variables entered in the model predicted 45.3% of the variance (R2= 0.453). Younger age
(B=-0.235, p= 0.004, 95% CI [-0.394- -0.075]), higher level of education (3= 8.357, p<0 .001,
95% CI [4.671-12.043]), being employed (R= 5.097, p= 0.014, 95% CI [1.027-9.166]), being
married (= 6.975, p<0 .001, 95% CI [3.471-10.480]), living outside Beirut (3= -5.596, p<
0.001, 95% CI [-9259- -1.933]), and having no physical disability (3=9.631, p=0.017, 95% CI
[5.205-14.058]) were significantly associated with a higher MusiQol index (Table 4).

Treatment discontinuation (3= -4.711, p= 0.011, 95% CI [-8.333- -1.088]) and lack of
insurance, whether governmental or private (3= -5.598, p=0.017, 95% [-10.191- -1.006]) were

significant predictors of lower MusiQol scores.

Table 4. Predictors of MusiQoL Global Index: Multiple Regression Analyses

Variables

Age (Years)

Residency (0 outside Beirut, 1 inside Beirut)
Marital status (0 single/divorced/widowed,

1 married)

Educational level (0 non-educated/ below university, 1

university level)

Employment (0 unemployed, 1 employed)
Insurance type (0 private or governmental insurance,

1 self-payers)

Physical disability (0 Yes, 1 No)
What to do to access DMT during shortage (0 others,

1 discontinue medications)
Significant association: p<0.05

MusiQol Global Index

B3 95% CI p-value
-0.235 -0.394 — -0.075 0.004
-5.596 -9259 — -1.933 0.003
6.975 3.471 - 10.480 <0.001
8.357 4,671 — 12.043 <0.001
5.097 1.027 - 9.166 0.014
-5.598 -10.191 — -1.006 0.017
9.631 5.205 — 14.058 <0.001
-4.711 -8.333 — -1.088 0.011

VIF < 10 for all variables indicating no collinearity between them/ 8: unstandardized beta coefficient (represents the change in
standard deviation units in QoL score resulting from a change of one standard deviation in the different independent variables).

ClI: Confidence Interval; DMT: Disease-modifying Therapy; Multiple Sclerosis International Quality of Life
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Regarding the different MusiQol dimensions, ADL was associated with the highest number of
independent variables: disability, employment, insurance type, Body Mass Index (BMI),
education, current treatment, disease type, and comorbidities. In addition, 70% (R2= 0.69) of
the variability of ADL was explained by these variables, in which for every one-unit increase in
disability, employment, or education, the QOL dimension improved by 38.71 (p<0.001), 9.458
(p=0.001), and 10.154 (p<0.001) units respectively. The PWB dimension had 23% of its
variance explained by the variables entered. It was negatively associated with disease type
(B=-28.18, p< 0.001), residency (R= -15.82, p <0.001), comorbidities (3= -11.29, p= 0.005),
and family history (3= -12.82, p=0 .006), and only positively associated with educational level
(B=17.55, p< 0.001). The SPT dimension was positively associated with educational level (3=
9.79, p< .001) and negatively associated with presence of comorbidities (3= -9.19, p=0 .003).
For every one-unit increase in educational level and comorbidities (presence of comorbidities),
there was 9.79 folds improvement and 9.19 folds deterioration in MS-symptom related QOL,
respectively. Regarding the SSL dimension, being younger and female were associated with
better SSL scores (3= -0.729, p< 0.001, R= -21.95, p<0 .001, respectively), and those who
were married had better scores compared to single/divorced/widowed MS patients (3=26.59,
p<0 .001). For the COP dimension, it improved with university level education (3=15.47, p<0
.001) and being married (3=18.31, p< 0.001) and worsened with living inside Beirut (3=-12.93,
p= 0.002), and having PMS (3=19.00, p= 0.003). When evaluating the RHCS dimension,

receiving treatment was associated with 24.28 (p<0.001) folds increase in this QOL dimension.

Since the REJ dimension had no normal distribution, the non-parametric general linear model
was used to evaluate its association with the independent variables. We found no association

between REJ and any of the entered variables (p> 0.05).

IV.5. Discussion

To the best of our knowledge, this is the first study to assess HRQOL, QOL predictors, and
barriers to treatment accessibility in MS patients during an economic crisis. Since October
2019, Lebanon has been facing a major socioeconomic crisis that led, coupled with the COVID-
19 pandemic, to serious medications shortage, impacting the optimal medical management
and QOL of patients'”'®, Although several generic and disease-specific instruments were
developed and validated to assess HRQOL in MS patients, the MusiQol questionnaire has
several advantages over the others: It can be applied internationally as it has been validated
in 20 countries and 14 languages and is much shorter compared to other MS-specific
instruments™. In this study, the estimated mean MusiQol global index (69.25 + 11.53) reflected
a moderate HRQOL with the majority of patients scoring between 40.01 and 80.00. Similar
results were obtained in a study conducted in Oman where all patients had a MusiQol score
in the moderate to low HRQOL category?. Interestingly, “COP” and “REJ” dimensions recorded
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the highest scores among the MusiQol dimensions score. What supported this result, was the
moderate to high level of HRQOL in the components of “Rfa” and “RHCS” in our cohort of MS
patients, reflecting successful coping strategies that could reduce the impact of disability on
QOL, and improve orienting therapeutic interventions. In a study conducted by the Isfahan MS
Association in Iran, positive thinking, exercise, social support, and social organizations were
associated with high scores in these dimensions'. In another study conducted in 2016 in
Lebanese MS patients, psychological interventions such as mindfulness, cognitive behavioral
therapy, self-management and self-control, in addition to emotional stability, planning problem

solving, and positive reappraisal were all coping factors leading to better QOL'®.

The multivariate analysis in this cross-sectional study showed that the HRQOL of MS patients
was determined by multiple factors. Younger age, higher level of education, being employed,
being married, living outside the capital Beirut, and having no physical disability were
significantly associated with better HRQOL, whereas treatment discontinuation and lack of
governmental or private insurance to cover treatment cost were significant predictors of lower
HRQOL. Older age was significantly associated with lower MusiQol global index, SSL, and

RHCS scores. Fernandez et al.™

showed that older age was significantly correlated with worse
MusiQoL global index and ADL and SSL scores. Similarly, a Canadian population-based study
examining HRQOL among MS patients found better physical HRQOI in younger patients?.
Interestingly, living in the capital Beirut was associated with lower HRQOL as reflected by a
low MusiQol global index and low “PWB?”, “Rfr” and “COP” scores. Unlike our findings, a North
American study assessing the impact of rural-urban residency on HRQOL of MS patients living
in the USA, showed that rural areas tended to report lower HRQOL among MS patients?'. This
could be explained by to the fact that living in urban areas facilitate receiving MS-focused care
at specialized MS clinics®2. However, this might not be applicable to Lebanon which is a small
country with a total area of 10,400 square kilometers where MS patients have access to clinics
and medications across all districts'®. In the multivariate analysis, physical disability was the
only disease characteristic associated with HRQOL. Presence of physical disability was
associated with worse MusiQol global index and “ADL” dimension score. A study conducted
to identify the impact of socio-demographic and clinical factors on HRQOL of Lebanese
patients with MS showed that higher EDSS was associated with lower MusiQoL global index
and “ADL” dimension score®. Similarly, a study conducted in Kuwait, found a negative
correlation between HRQOL and EDSS scores among Kuwaiti MS patients®>. Two other
studies conducted in Iran, and Germany showed as well, the significant deterioration of
HRQOL with worsening physical disability**?. We found a significant association between
marital status and HRQOL, whereby being married was associated with higher MusiQol global

index, “SSL” and “COP” dimensions scores. Similar results were obtained in other studies'?5.
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Improved QOL in married individuals can be linked to the presence of family support as
evidenced by the high mean “Rfa” dimension score among married MS patients (79.45
125.94). Regarding employment status, being employed was significantly associated with
better HRQOL (higher MusiQol global index and ADL dimension score). Although this finding
was not consistent with a study from Oman which did not show any difference in HRQOL
among employed versus unemployed Omani MS patients(2), another observational cross-
sectional study found that being employed had a positive impact on both physical and mental
health status and HRQOL in MS patients®’. Likewise, a study, conducted in the USA on 101
MS patients, showed that patients who remained employed had better self-reported QOL
compared to those who lost their work®®. MS patients face challenging work lives and are more
likely to report unemployment or part-time work participation with lower income compared to
the general population and other patients with chronic diseases such as arthritis, type-2
diabetes or depression®®. The improved QOL among employed MS patients can be linked to
the availability of economic resources, work benefits such as health insurance, sense of
personal and professional identity, and social participation and interactions®. Higher level of
education was also associated with higher MusiQol global index and all dimension scores
except for “Rfa”, “REJ”, and “RHCS”. Several previous studies supported the association
between higher educational level and improved level of QOL'%%3", This is probably due to the
fact that health literacy is one of the most important strategies for improving one’s health which

in turn improves QOL*?,

The majority of the patients had no access to treatment due to shortage of medications in the
country or inability to afford buying DMTs. As a result, a large proportion of patients
discontinued treatment, which was significantly associated with reduced HRQOL. The
economic crisis in Lebanon led to crumbling of the entire health care system. The shortage of
basic medical supplies and essential medications was one of the most critical issues that
Lebanese patients, including patients with MS, had to face. In addition, the ongoing crisis
made private healthcare prohibitively expensive, leaving more patients reliant on the public
health sector, which got even more devastated with time*. All of those factors can explain the
negative association between being self-payer with neither private nor public insurance and

having a worse HRQOL.

Our study is unique in that it assessed the impact of a severe economic crisis with the resultant
medications’ shortage, unemployment and loss of income and or/insurance on the QOL of MS
patients. Another strength of the study is the lack of information bias since no missing data
was reported especially that the questionnaire was filled via telephone call. In addition, we
were able to recruit the needed sample size, which was representative of the Lebanese MS

population. The data was collected from MS patients visiting different clinics in different regions
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of the country, which helped reducing selection bias. The main limitation of this study was its
cross-sectional design which did not allow to establish causal relationships. Another limitation
is the presence of two different investigators administering the questionnaire which might have
been a possible cause for investigator bias; however, this was minimized by piloting the

questionnaire before administering it to patients.

IV.6. Conclusion

This study was conducted in Lebanon during the current economic crisis and showed that
Lebanese MS patients have a moderate HRQOL determined by many factors including age,
education, employment, area of residency, treatment accessibility, and disability. The findings
emphasize the importance of governmental and healthcare authorities' role in implementing
more effective care strategies for MS patients during periods of economic crisis. Governmental
interventions are necessary to ensure accessibility and funding of MS medications, especially

for low-income uninsured patients.
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Chapter V. Disease-Modifying Therapies, Outcomes, Risk Factors and
Severity of COVID-19 in Multiple Sclerosis: A MENACTRIMS Registry
Based Study

V.1. Background

Building on the examination of barriers to accessing DMTs in the MENA region and the specific
impact of the Lebanese economic crisis on MS patients' quality of life and treatment
accessibility, the next critical area of focus is the intersection between MS treatments and the
global COVID-19 pandemic. The unprecedented spread of COVID-19 posed significant
challenges for PwMS, particularly those on immunosuppressive therapies. Given the increased
susceptibility of PwWMS to infections due to both their disease and DMTs, it was essential to
evaluate how these treatments influenced COVID-19 outcomes in this population. Moreover,
this study was pivotal in addressing the overarching objective of this thesis, which is to assess
the long-term safety of high-efficacy DMTs. Infections represent a major safety concern with
the prolonged use of these potent therapies. Thus, the third study aimed to assess not only
the severity of COVID-19 among MS patients in the MENA region but also to identify the risk
factors associated with worse outcomes, particularly the role of high-efficacy DMTs. Using the
MENACTRIMS registry, this research provides critical insights into the safety profile of these
therapies in the context of a global pandemic, advising safer long-term clinical practices for MS

management.

The significance of this study was recognized through its publication in the Multiple Sclerosis
and Related Disorders (MSARD) journal (Appendix 8) and its presentation as an oral session
at the 7th MENACTRIMS Congress held in Cairo on November 11-12, 2022.
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Abstract

Background: There is a lack information regarding risk factors associated with worse COVID-
19 outcomes in patients with multiple sclerosis (MS) in the MENA region.

Methods: This is a multicenter, retrospective cohort study that included all MS patients with a
suspected or confirmed COVID-19 infection using the MENACTRIMS registry. The association
of demographics, disease characteristics, and use of disease-modifying therapies (DMTs) with
outcomes and severity of COVID-19 were evaluated by multivariate logistic model.

Results: A total of 600 MS patients with confirmed (n=542) or highly suspected (n=58) COVID-
19 were analyzed. Seventy-three patients (12.2%) had a COVID-19 severity score of 23 on a
7-point ordinal scale (ranging from 1 [not hospitalized with no limitations on activities] to 7
[death] with a cutoff at 3 [hospitalized and not requiring supplemental oxygen]), and 15 patients
(2.5%) died. Out of 73 patients with a severity score =23, 90.4% were on DMTs; 50.6% of them
were on anti-CD20, including ocrelizumab and rituximab. Multivariate logistic regression
showed that older age (odds ratio per 10 years, 1.4 [95%CI, 1.0-1.8]), disability (OR for EDSS
3.0-5.5, 2.9 [95%CI. 1.5-5.7], OR for EDSS 26.0, 2.3 [95%CI. 1.0-5.1]), obesity (OR, 3.0
[95%CI, 1.5-6.0]), and treatment with rituximab (OR, 9.0 [95%CI, 3.1-25.3]) or off-label
immunosuppressive medications (OR, 5.6 [95%CI. 1.1-27.8]) were risk factors for moderate or
severe COVID-19.

Conclusion: In this registry-based study of MS patients, age, sex, EDSS, obesity, progressive
MS were risk factors for severe COVID-19. Moreover, there was an association found between
exposure to anti-CD20 DMTs and COVID-19 severity.

Keywords: risk factors; severity; COVID-19; multiple sclerosis; disease-modifying therapies
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V.2. Introduction

The COVID-19 pandemic has raised concerns regarding the risk of infection and its effects on
patient populations, particularly PwWMS as they may be more vulnerable to infections due to
disability and/or treatment with DMTs that alter the immune response’. In the general
population, risk factors for poorer outcomes with COVID-19 include older ager, male sex, and
comorbidities such as obesity, diabetes, hypertension, coronary heart disease, chronic
pulmonary or kidney disease, and cancer®*. The current evidence suggests that MS does not
increase the risk of COVID-19 infection nor does it worsen clinical outcomes compared to
people without MS®®. Several studies evaluating the epidemiology of COVID-19 severity have
been published and generally reported mixed results’'°. The COVISEP, a French clinical
registry-based study which included 347 PwMS with confirmed or highly suspected COVID-
19, found that age, disability and obesity were risk factors for severe infection, but not exposure
to DMTs’. In contrast, Sormani et al. reported the results of the national Musc-19 Italian registry
study on 593 suspected and 191 confirmed COVID-19 infection®. This study showed that
progressive MS course, recent corticosteroids use, and anti-CD20 DMTs (ocrelizumab and
rituximab) were significantly associated with an increased risk of severe COVID-19 course.
These results were replicated in the pooled analysis of the MS Global Data-Sharing Initiative
comprising 5,648 PwWMS with suspected or confirmed COVID-19 diagnosis, concluding that
anti-CD20 DMTs, ocrelizumab and rituximab, were associated with greater frequency of
hospital admission, Intensive Care Unit (ICU) admission, need for artificial ventilation and
death compared to glatiramer acetate and other DMTs®. Moreover, in the United
States/Canada, Salter and colleagues conducted a large, multicenter, registry-based cross-
sectional study which included 1626 patients'®. They identified increased disability, older age,
black race, cardiovascular comorbidities and recent use of corticosteroids as risk factors for
worse COVID-19 outcomes. The authors also found that compared with untreated PwWMS,
ocrelizumab and rituximab were associated with a higher risk of hospitalization; however, only

rituximab showed positive trends for ICU admission, artificial ventilation and death.

In the MENA region, studies identifying clinical characteristics of MS associated with worse
COVID-19 outcomes are lacking. Accordingly, we conducted a large, MENACTRIMS registry-
based study to determine whether the outcomes of these global studies were applicable to our
MS population in the MENA region. The purpose of this study was to identify clinical and DMTs-
related risk factors for severe COVID-19 in PWMS in the MENA region.
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V.3. Methods

V.3.1. Data Collection

This was a multicenter, retrospective, observational cohort study of patients with confirmed or
highly suspected COVID-19 infection. Data were collected from the MENACTRIMS registry,
local COVID-19 registries and cohorts from nine Middle Eastern countries, including Algeria,
Egypt, Iraq, Iran, Kuwait, Lebanon, Oman, Tunis and UAE. The MENACTRIMS registry, the
largest MS patients’ registry in the MENA region'", received approval from the IRB of the AUB
(Appendix 3) for collection and use of confidential electronically processed patient data. Study
data were collected for patients diagnosed with COVID-19 between March 01,2020 and
February 01,2021, before the introduction of any COVID-19 vaccine in the MENA region.

V.3.2. Inclusion Criteria

A confirmed diagnosis of MS with at least one of the following 4 criteria: (1) a confirmed COVID-
19 diagnosis based on a positive severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) polymerase chain reaction (PCR) test, (2) Typical abnormalities on thoracic computed
tomography (CT) scan manifested as ground-glass opacities, (3) sudden onset of anosmia or
ageusia in the absence of rhinitis or nasal obstruction, and (4) typical COVID-19 symptoms

(triad of cough, fever, and asthenia) in an epidemic area of COVID-19.

V.3.3. Study Variables

Demographic variables collected were sex, age, country at time of infection, smoking status,
alcohol consumption, and employment status. Comorbidities were queried, including obesity,
hypertension (HTN), cardiovascular disease (CVD), diabetes mellitus (DM), thyroid disease,
chronic lung disease, chronic kidney disease, chronic liver disease and cancer. Obesity was
defined as a body mass index (BMI) 230",

Disease characteristics captured included MS phenotype (CIS, RRMS, SPMS or PPMS)"3,
and disease duration. Disability was assessed by the EDSS which was dichotomized into 3
categories: <3.0, 3.0-5.5, 26.0, and by the ambulation milestones (fully ambulatory, walks with
assistance, non-ambulatory)''°. DMT use at the time of COVID-19 infection was recorded as
one of the following: alemtuzumab, cladribine, dimethyl fumarate, fingolimod, glatiramer
acetate (GA), interferons, natalizumab, ocrelizumab, ofatumumab, rituximab, siponimod,
teriflunomide, other DMTs (off-label use of azathioprine, mycophenolate mofetil or
methotrexate), or none. Data on DMT dose and duration were not documented. Additionally,

the use of glucocorticoids during the prior 1-month was recorded.

Regarding COVID-19, we collected symptoms and diagnostic data (PCR for SARS-CoV-2,

serological tests and CT chest findings).
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V.3.4. Definition of Study Endpoints

The primary endpoint was the patient’s clinical status at the most severe point of their COVID-
19 course, referred to as the COVID-19 severity score'®. This is a 7-point ordinal scale where
1 indicates the patient was not hospitalized and had no limitations on activities; 2, the patient
was not hospitalized but had limitations on activities; 3, the patient was hospitalized but did not
require supplemental oxygen; 4, the patient was hospitalized and required supplemental
oxygen; 5, the patient was hospitalized and received noninvasive ventilation or high flow
oxygen; 6, the patient was hospitalized and received invasive mechanical ventilation or

extracorporeal membrane oxygenation; and 7, death.

V.3.5. Statistical Analysis

Patients’ demographic and clinical characteristics were summarized using count and
percentage for categorical variables and median and range for numerical data such as duration
of hospitalization. Severity score by DMT type was reported using frequency and percent and
statistical significance was tested using Pearson chi-square. Difference in age and EDSS
according to hospitalization, ICU and living status, were reported based on median and tested
using the Mann Whitney U test, where differences in distribution of phenotypes for same
outcomes were tested using Pearson’s chi-square. Any 2-sided p-value < 0.05 was considered

statistically significant.

Logistic regressions were performed at the univariate and multivariate level predicting severity
score (= 3). Coefficients produced by the logistic regression were exponentiated to produce
odds ratios (ORs) and 95% confidence interval (Cl). In the multivariate analysis, Receiver
Operating Characteristic (ROC) curves and Concordance (C) statistics were done to show the
model discrimination capacity in predicting the severity of COVID-19 infection'’. Predicted
probabilities were used to draw a calibration line. The produced model was repeated using
severity score = 4 as a sensitivity analysis. Statistical analyses were conducted using SPSS

software version 27.
V.4. Results

V.4.1. Study Population

As of February 2021, 600 PwMS were included in the study. Five-hundred forty-two (542)
patients had a positive SARS-CoV-2 PCR result. One patient had a negative SARS-CoV-2
PCR result but a chest CT showing typical lesions of COVID-19. For the remaining 57 patients
with unavailable SARS-CoV-2 PCR results, 27 had positive SARS-CoV-2 serology, 7 had
ground-glass opacity on thoracic CT scan, and 23 presented with typical COVID-19 symptoms.
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V.4.2. Demographics and Clinical Characteristics

The mean (Standard Deviation [SD]) age was 36.4 (10.2) years, 414 (69.0%) were women,
and the mean (SD) disease duration was 8.3 (6.6) years. Obesity (n=77,12.8%), HTN (n=41,
6.8%), and CVD (n=41, 6.8%) were the most frequently reported comorbidities. The majority
of patients had RRMS (n=495, 82.5%) and were full ambulatory (n=494, 82.3%). The median
EDSS was 2.0 (range, 0.0 — 9.0), and 559 patients (93.2%) were receiving DMT but 107
(19.4%) withheld their MS treatment at onset of the infection (Table 1).

Seventy-three patients (12.2%) had a COVID-19 severity score 23 (needed hospitalization),
and 15 patients (2.5%) died of COVID-19. Among hospitalized patients, 26 (4.3%) required
ICU, 52 (8.7%) required oxygen, and 18 (3.0%) required mechanical ventilation. The most
frequently recorded symptoms for COVID-19 were fever (n=318, 53.0%), cough (n=226,
37.7%), anosmia/ageusia (n=203, 33.8%), and fatigue (n=179, 29.8%).

Table 1. Demographic and Clinical Characteristics of Patients with Multiple Sclerosis
Diagnosed with Coronavirus Disease 2019

Characteristics N. %
Number. of patients with MS 600
Demographics
Age, mean (SD) in years 36.4 (10.1)
Gender
Male 186 31.0
Female 414 69.0
Current Smoker 121 20.2
Former Smoker 27 4.5
Alcohol Consumer 92 15.3
Disease Course
Clinically isolated syndrome (CIS) 13 2.2
Remitting-relapsing MS (RRMS) 495 82.5
Secondary progressive MS (SPMS) 66 11.0
Primary progressive MS (PPMS) 26 4.3
Disease Duration in years, mean 8.3 (6.6)
(SD)
Expanded Disability Severity Scale 2.0 (0.0-9.0)
Score, median (range)
Ambulatory Status
Non-Ambulatory 37 6.2
Walk with Assistance 64 10.7
Full Ambulatory 494 82.3
Used Steroids in the Last Month 16 2.7
Disease-modifying therapies
None 41 6.8
Interferon beta 159 26.5
Teriflunomide 17 2.8
Dimethyl Fumarate 46 7.7
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Cladribine 4 0.7
Fingolimod/Siponimod 112 18.7
Natalizumab 50 8.3
Ocrelizumab 47 7.8
Rituximab 96 16.0
Ofatumumab 1 0.2
Alemtuzumab 6 1.0
Glatiramer Acetate (GA) 6 1.0
Others* 15 2.5
DMT withheld at COVID-19 onset 107 194
Comorbid Conditions
Obesity (BMI = 30) 77 12.8
Hypertension 41 6.8
Cardiovascular Disease 41 6.8
Diabetes Mellitus 17 2.8
Thyroid Disease 12 2.0
Chronic Lung Disease 5 0.8
Anemia 4 0.7
Active Malignancy 3 0.5
Malignancy Remission 2 0.3
Renal Disease 1 0.2
Liver Disease 1 0.2
COVID-19 Diagnosis
SARS-CoV-2 PCR 543 90.5
Serological Test, without fulfilling the 148 24.7
criteria
Thoracic CT, without fulfilling the 184 30.7
criteria
Covid-19 Symptoms
Fever 318 53.0
Cough 226 37.7
Anosmia/ageusia 203 33.8
Fatigue 179 29.8
Sore Throat 136 22.7
Pain 124 20.7
Dyspnea 85 14.2
Runny Nose 78 13.0
Headache 66 11.0
Diarrhea 31 5.2
Nausea/VVomiting 6 1.0
Others 11 1.8
Inclusion Criteria for COVID19cases
Positive SARS-CoV-2 PCR 542 90.3
Positive Serological Test, without 27 4.5
fulfilling the criteria
Ground-glass opacity on thoracic CT, 8 1.3
without fulfilling the criteria
Typical COVID-19 symptoms without 23 3.8
fulfilling the criteria
Abbreviations: MS, multiple sclerosis; SD, Standard Deviation; BMI, body mass index; SARS-
CoV2: severe acute respiratory syndrome coronavirus 2; PCR, polymerase chain reaction; CT,
Computerized tomography; COVID-19, coronavirus disease 2019.
*Other treatments for patients with multiple sclerosis: mycophenolate mofetil, azathioprine and
methotrexate.
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V.4.3. Factors Associated with COVID-19 Severity

Comparing patients that required hospitalization to those that did not, patients requiring
hospitalization were older (median [range] age, 41.4 [21-61] years vs 35.0 [15-73] years; p <
0.001), had a higher EDSS (median [range], 3.0 (0.0-9.0) vs 2.0(0.0-8.0); p < 0.001), and were
more likely to have a progressive course (17/66 [25.8%] SPMS and 7/26 [26.9%] PPMS vs
49/495 [9.9%] RRMS; p < 0.001) (Figure 1). There was no statistically significant difference
between males and females. Although, ICU admission was not associated with older age
(median [range], 39.0 [21-61] vs 41.5 [22-63]; p = 0.818), ICU patients had a higher EDSS
(median [range], 5.0 [1.0-8.0] vs 3.0 [0.0-9.0]; p = 0.005) and a higher likelihood of a
progressive clinical course (10/17 (58.8%) SPMS and 5/7 (71.4%) PPMS vs 11/49 (22.4%)
RRMS; p < 0.003). Similarly, older age (median [range], 45.0 [32-61] vs 35.0 [15-73]; p =
0.002), higher EDSS (median [range] 6.0 [2.0-8.0] vs 2.0 [0.0-9.0]; p < 0.001), and progressive
course (7/66 [10.6%] SPMS and 2/26 [7.7%] PPMS vs 6/495 [1.2%] RRMS) were associated
with death due to COVID-19.
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C. Outcome by Clinical Course

Not Hospitalized - |
icus [l p-0003 Clinically isolated
syndrome (CIS)
Remitting-relapsing
peath [ p<0.001 MS (RRMS)
m Secondary progressive
Hospitalized Bl <0001 MS (SPMS)
M Primary progressive
15 (PPMS
0 100 200 300 400 500 600 M. (FRNS)

Number of Patients

Figure 1. Characteristics of COVID19 and MS Patients stratified by Not Hospitalized,

Hospitalized, Admitted to the Intensive Care Unit (ICU) or Died

Abbreviations: EDSS, Expanded Disability Severity Scale (EDSS); ICU, Intensive Care Unit

*Among hospitalized patients, the p-values were obtained from Mann-Whitney U tests for age and EDSS group differences
(Figures 1A and 1B) and Pearson Chi-square tests for clinical course distribution differences (Figure 1C)
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Having at least one comorbidity was significantly associated with increased risk of severe
COVID-19. The proportion of patients with at least one comorbidity was lower in non-
hospitalized patients (61 of 527 [11.6%] vs 17 of 73 [23.3%]; p=0.005). Hypertension and
cardiovascular comorbidities were significantly associated with more severe COVID-19 (11 of
73 [15.1%] vs 30 of 527 [5.7%]; p= 0.003).

Sixty-six out of the 73 (90.4%) hospitalized patients were maintained on DMTs. The majority
(n=37; 50.6%) were on anti-CD20s (ocrelizumab, rituximab or ofatumumab) compared to
20.1% (n=107) of the non-hospitalized patients receiving treatment (p <0.001). The distribution
of clinical severity for COVID-19 according to the different DMTs is presented in Figure 2.

A. Patients Grouped by Severity of COVID-19 Outcome
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B. Patients Grouped by Disease-modifying Therapy
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Abbreviations: COVID-19: Coronavirus Disease 2019; IFN, Interferon beta; GA: Glatiramer acetate; DMF: Dimethyl Fumarate
TOther treatments for patients with multiple sclerosis: mycophenolate mofetil, azathioprine and methotrexate.
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Figure 2. Clinical Severity of Coronavirus Disease 2019 (COVID-19) and Disease-
Modifying Therapies in Patients with Multiple Sclerosis

(A) Patients Grouped by Severity of COVID-19 Outcome

(B) Patients Grouped by Disease-modifying Therapy

V.4.4. Multivariate Logistic Regression Models of Severe COVID-19

A multivariate logistic regression analysis was performed to assess variables independently
associated with severe COVID-19 (severity score 23) (Table 2).

Results showed that older age (OR per 10 years, 1.4 [95%CI, 1.0-1.8]), disability (OR for EDSS
3.0-5.5, 2.9 [95%CI. 1.5-5.7], OR for EDSS 26.0, 2.3 [95%CI. 1.0-5.1]), obesity (OR, 3.0
[95%CI, 1.5-6.0]), and treatment with rituximab (OR, 9.0 [95%CI, 3.1-25.3]) or off-label
immunosuppressive medications such as azathioprine, mycophenolate mofetil or
methotrexate (OR, 5.6 [95%CI. 1.1-27.8]) were risk factors for severe COVID-19 requiring

hospitalization.
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Table 2. Associated Risk Factors of Severe Coronavirus Disease 2019 (COVID-19)

among Multiple Sclerosis (MS) Patients

Severe COVID-19 (Severity Score 2 3)

OR:c (95% ClI) P-value ORa (95% CI) P-value

Age per 10 years 1.67(1.33-2.10) <0.001 1.38 (1.04-1.83) 0.025
Male 1.77(1.07-2.92) 0.025 -- NS
Obesity 2.60 (1.43-4.72) 0.002 3.02 (1.52-6.01) <0.001
Cardiovascular comorbidity 2.94 (1.40-6.16) 0.004 -- NS
Hypertension 2.94 (1.40-6.16) 0.004 -- NS
Diabetes Mellitus 2.29 (0.73-7.23) 0.157 -- NS
Smoking 0.99 (0.53-1.84) 0.962 -- NS
Progressive Course

SPMS 3.16 (1.69-5.90) <0.001 -- NS

PPMS 3.35 (1.34-8.38) 0.010 -- NS
Disease Duration per 10 1.66 (1.20-2.29) 0.002 -- NS
years
EDSS score <3 (reference)
EDSS score 3-5.5 3.73 (2.05-6.79) <0.001 2.93 (1.50-5.74) 0.002
EDSS score 26 5.67 (2.92-10.99) <0.001 2.31 (1.04-5.15) 0.040
DMT (IFN/GA reference)
Teriflunomide 4.27 (0.76-23.9) 0.099 3.17 (0.53-18.93) 0.206
Dimethyl Fumarate (DMF) 2.23 (0.51-9.71) 0.284 1.91 (0.42-8.65) 0.399
Fingolimod/Siponimod 3.49 (1.18-10.33) 0.024 2.28 (0.74-7.04) 0.153
Natalizumab 2.78 (0.72-10.79) 0.139 1.69 (0.41 -6.90) 0.466
Ocrelizumab 4.68 (1.36-16.11) 0.014 2.04 (0.55 -7.67) 0.289
Rituximab 15.26 (5.69- <0.001 9.0 (3.12 -25.36) <0.001

40.97)

Others 8.00 (1.70-37.58) 0.008 5.58 (1.12-27.84) 0.036
None 6.59 (1.97-22) 0.002 1.85 (0.42-8.20) 0.419
Full Ambulatory (reference) NA
Non-Ambulatory 5.40 (2.58-11.34) <0.001 -- NS
Walk With Assistance 2.79 (1.43-5.44) 0.003 -- NS
DMT Withheld at COVID-19 | 2.40 (1.35-4.23) 0.003 -- NS

onset
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Abbreviations: COVID-19, Coronavirus Disease 2019; ORc, Crude Odds Ratio; ORa Adjusted Odds Ratio; Cl, Confidence
Interval; SPMS, Secondary Progressive; Multiple Sclerosis; PPMS, Primary Progressive MS; EDSS, Expanded Disability
Severity Status; NA, Not Applicable; DMT, Disease-Modifying Therapy

To validate our results, a post hoc analysis with a threshold of 4 for COVID-19 severity score
was performed. Results were similar in both cases indicating that the model used showed
sensitivity. In the sensitivity analysis, obesity (OR, 3.7 [95% CI, 1.7-7.8], p= 0.001), higher
EDSS (EDSS score 3.0-5.5 OR, 3.62 [95% ClI, 1.7-7.7], p=0.001; EDSS score 26.0 OR, 2.8
[95% CI, 1.2-6.7], p=0.021), and treatment with rituximab (rituximab, 12.5 [95% CI, 3.5 - 44.6],
p<0.001) were retained as independent variables associated with severe COVID-19. Unlike
the first model, off-label immunosuppressive medications such as azathioprine,
mycophenolate mofetil or methotrexate and older age were not significantly associated with
higher COVID-19 severity score although higher age showed a trend toward significance (OR,
1.3 [95% ClI, 1.0-1.8], p= 0.061).

The model was checked for calibration in for its predictive capacity. The predicted probability
of severity was regressed against the observed probability, and a linear model was produced
with a coefficient of 0.97 and an R2 of 94.6% indicating a good calibrated model. C statistics
was 0.81 [95% CI, 0.8-0.9], indicating a good discrimination capacity of the model in predicting
high and low severity (Figure 3). Including only PCR+ cases in the logistic regression model
(543/600) led to identical results.
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Figure 3. Calibration Plot for the Logistic Regression
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V.4.5. Death Rate in Patients with Multiple Sclerosis Hospitalized for COVID-19

Fifteen patients (2.5%) in this study died due to COVID-19. Compared to surviving patients,
they were older (OR, 1.9 [95% CI, 1.2-2.9], p< 0.004), non-ambulatory (OR, 13.5[95% ClI, 4.3-
42.5], p<0.001) with at least one comorbidity (OR, 8.4 [95% CI, 2.9-23.9], p<0.001), a
progressive course (ORs, SPMS, 9.7 [95% CI, 3.1-29.7), p<0.001; PPMS, 6.8 [95% ClI, 1.3-
35.4], p=0.023), higher EDSS (ORs, EDSS 3.0-5.5, 8.9 [95% CI, 1.7-46.7], p=0.009; EDSS
26.0, 26.9 [95% CI, 5.6-129.8], p<0.001) and longer disease duration (OR per 10 years, 2.0
[95% CI, 1.1-3.5], p=0.013).

V.5. Discussion

Our study showed that COVID-19 symptoms in PwWMS were similar to what has been described
in the general population. In our cohort, fever, cough, anosmia/ageusia and fatigue were the
most frequently recorded symptoms. Similarly, a cross-sectional study of the general
population conducted in seven MENA region countries (Algeria, Egypt, Iraq, Lebanon, Libya,
Tunisia, and the United Arab of Emirate) showed that more than half of the participants
reported fever, cough, and fatigue as the most frequent symptoms during the course of

infection™®.

Univariate logistic regression models showed that older age, male sex, comorbidities,
progressive MS, longer disease duration, higher EDSS, deteriorated ambulation, and
withholding DMT were associated with COVID-19 severity scores of 3 or more. Our results
were similar to other international COVID-19 registries, mainly the COVISEP French registry’,
and the MS Global Data Sharing Initiative study® that showed that older age, higher EDSS,
progressive MS course and male sex were associated with more severe COVID-19 infection.

It is of note that male sex was not a risk factor in our cohort.

Similar to the North American Registry-based cohort', our study demonstrated a significant
association between hypertension and cardiovascular comorbidities with worse COVID-19
infection. A retrospective case study conducted throughout China involving 11791 MS patients
with confirmed COVID-19 also showed that hypertension and cardiac disease were among the

most common comorbidities associated with poorer prognosis’®.

Given the possible interaction between the independent variables, we carried out a multivariate
logistic regression analysis. Only older age, higher EDSS, obesity and off-label use of
immunosuppressive medications such as azathioprine, mycophenolate mofetil or

methotrexate remained as risk factors for severe COVID-19 infection.
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The increased severity of COVID-19 among MS patients with higher EDSS can be linked to
the fact that respiratory dysfunction is common in such patients and is linked to expiratory
muscles weakness and cough impairment®®. These findings should lead to improving
preventive measures to limit the risk of COVID-19 infection in older patients and in patients

with advanced disability.

Obesity was associated with 3-fold increased odds of severe COVID-19 infection. This is
compatible with the results of a meta-analysis from China that showed that patients with
obesity have a greater risk of infection, hospitalization, severe disease, mechanical ventilation,
ICU admission, and mortality due to COVID-192". Petrilli et al.??, in a large prospective analysis
of 5279 COVID-19 patients in the United States demonstrated as well that obese patients have
greater tendency to develop adverse events, including respiratory failure, admission to ICU,
and invasive mechanical ventilation. Obesity-related respiratory dysfunction is probably the

main cause of severe COVID-19 infection in those patients>.

Surprisingly, diabetes mellitus was not associated with increased COVID-19 severity in our
study. However, several published studies indicated that type 2 diabetes mellitus is a
significant risk factor for COVID-19 severity, and mortality. A large meta-analysis involving
78,874 confirmed COVID-19 hospitalized patients showed that pre-existing diabetes is
significantly associated with a greater risk of severe/critical illness and in-hospital mortality in
patients admitted to hospital with COVID-19%.

Multiple studies evaluated the impact of DMT use on COVID-19 infection in PwMS. Given their
anti-viral effect, patients treated with interferon beta and teriflunomide were at a lower risk of
COVID-19 infection and disease severity?®>. The French’ and Italian® cohorts showed no
association between interferon beta, glatiramer acetate and dimethyl fumarate use and
COVID-19 severity. In other studies, fingolimod’®, natalizumab®, alemtuzumab?’ 2,
cladribine®®, and corticosteroids®® were not associated with COVID-19 severity. Our results
were similar, showing no impact of interferon beta, glatiramer acetate, teriflunomide, dimethyl
fumarate, cladribine, sphinogosine-1-phosphate (S1P) receptor modulators, natalizumab and

alemtuzumab on COVID-19 severity.

The MENA cohort, however; showed that exposure to rituximab and immunosuppressive
medications such as azathioprine, mycophenolate mofetil and methotrexate increased the risk
of severe COVID-19. Rituximab use was associated with a 9-folds increase in risk of severe
COVID-19 infection. This was consistent with the findings of Simpson-Yap et al.® who reported
on 2340 MS patients with COVID-19 infection from 28 countries and showed a significant
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association between rituximab and increased risk of hospitalization, ICU admission, and need
for artificial ventilation. The same outcomes were replicated in the pooled analysis studies from

Italy and France”®.

We found no association between ocrelizumab and COVID-19 increased severity, despite a
trend towards higher severity of infection. Although both rituximab and ocrelizumab are anti-
CD20 therapies, this discrepancy might be due to different molecular structure or mechanism
of cytotoxicity. Another possible explanation is that ocrelizumab was only recently introduced
in the MENA region, and therefore the duration of treatment with rituximab was probably
longer, knowing that hypogammaglobulinemia and infections increase with the treatment
duration of anti-CD20 drugs. Socioeconomic factors might have also played a role, since
rituximab is usually prescribed to patients without health insurance, especially refugees in the
Middle East. Although this result is compatible with the interim report published by Roche-the
pharmaceutical company producing ocrelizumab-, it does not harmonize with some other
cohort studies®®.The Italian cohort study showed an increased risk in severe forms of COVID-
19 in MS patients treated with ocrelizumab®. The French cohort did not show any association
between the use of DMTs and COVID-19 severity, but reported acute respiratory distress
syndrome in two patients treated with ocrelizumab’. This discrepancy might be due to the small

number of ocrelizumab-treated patients in our cohort.

The overall mortality rate of COVID-19 in our MS cohort was 2.5%, similar to the fatality rate
of 3.5 % reported by Louapre et al. in the COVISEP registry-based study’. Older age, having
at least one co-morbidity, progressive MS, higher disability and a longer disease duration were
risk factors for mortality in patients with COVID-19 infection. The global average mortality rate
of COVID-19 infection in the general population is 2.7%, which is similar to the mortality rate
detected in our MS population®'. This suggests no increased risk of death in patients with MS
compared to the general population, but still needs to be confirmed with further epidemiological
studies. Two Regional studies from Iran showed similar risk factors for mortality due to COVID-

19 infection in the general population, namely older age, obesity and comorbidities®**?,

Limitations of this analysis include a potential selection bias as reporting was voluntary by
health care professionals, which may have led to selection of more severe cases. Since this
study was based on data collected retrospectively from the MENACTRIMS registry and other
local registries, we were not able to collect some potentially relevant information like DMT
dosage, frequency and duration, and other risk factors beyond those investigated. Some
immunosuppressive treatments like ofatumumab, cladribine and alemtuzumab, were not
commonly used in our region, limiting the possibility of detecting any association between their
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use and COVID-19 severity. Our study strengths include its large sample size and the

sensitivity analysis that confirmed the results.

V.6. Conclusion

COVID-19 has significantly impacted the medical practice, and it is likely to remain an issue
for several years to come with annual waves. It is therefore crucial to identify the risk factors
for more severe infection in Middle-Eastern PwWMS who may have different genetic
predisposition compared to other populations leading to improvement in the clinical
management of MS patients with COVID-19 infection in our region. This is the largest registry-
based cohort study in our region and its outcomes were consistent with those described in
other international studies. In patients with MS, we identified age, sex, disability, obesity
progressive MS and rituximab exposure as independent risk factors for severe COVID-19. We
found no association between all other DMTs and severe COVID-19 which should reinforce
the recommendation of keeping PWMS and COVID-19 on their DMT and avoid delaying

treatment initiation.
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Chapter VI. Safety and Effectiveness of Disease Modifying Therapies
after Switching from Natalizumab

VIi.1. Background

The first three studies in this thesis highlighted significant challenges in accessing DMTs in the
MENA region and emphasized the importance of safety in long-term MS treatment, particularly
during the COVID-19 pandemic. Building on these findings, the fourth study explores how to
safely and effectively transition patients from natalizumab, a highly effective but risky treatment
due to its association with PML. This study focuses on evaluating the safety and effectiveness
of alternative high-efficacy DMTs, specifically rituximab/ocrelizumab, fingolimod, and
alemtuzumab, when switching from natalizumab in patients with JCV antibody positivity. By
comparing these therapies, the study aims to identify the most effective and safest options for
patients at high risk of PML, thereby contributing to the overarching thesis objective of
optimizing long-term MS treatment strategies in the MENA region.

The findings of this research were presented as an oral session at both the 9th ECTRIMS
Congress in Milan, Italy, in October 2023, and the 8th MENACTRIMS Congress in Abu Dhabi,
UAE, in December 2023. Furthermore, this study was published in the Multiple Sclerosis
Journal (Appendix 9).
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Abstract

Introduction: One strategy to mitigate progressive multifocal leukoencephalopathy (PML) risk
is to switch to other highly effective disease-modifying therapies (DMT). However, the optimal
switch DMT following NTZ discontinuation is yet to be determined.

Objective: To determine the most effective and tolerable DMTs to switch to following NTZ
discontinuation due to John Cunningham Virus (JCV) antibody positivity.

Methods: This is a multi-center observational cohort study that included all stable relapsing-
remitting MS patients who were treated with NTZ for at least 6 months before switching therapy
due to JCV antibody positivity.

Results: Out of 321 patients, 255 switched from NTZ to rituximab/ocrelizumab, 52 to
fingolimod, and 14 to alemtuzumab, with higher ARR in fingolimod switchers (0.193) compared
to rituximab/ocrelizumab or alemtuzumab (0.028 and 0.032, respectively). Fingolimod
switchers also had increased disability progression (p=0.014) and a higher proportion
developed MRI lesions compared to rituximab/ocrelizumab (62.9% versus 13.0%, p<0.001,
and 66.6% versus 24.0%, p < 0.001, respectively). Mean drug survival favored
rituximab/ocrelizumab or alemtuzumab over fingolimod (p < 0.001).

Conclusion: Our study shows superior effectiveness of rituximab/ocrelizumab and
alemtuzumab compared with fingolimod in stable patients switching from natalizumab due to

JC virus antibody positivity.

Keywords: natalizumab; switching; PML; multiple sclerosis; fingolimod; rituximab
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VI.2. Introduction

Natalizumab (NTZ) is a monoclonal antibody approved for treating RRMS. It blocks a4(31
integrin on leukocytes, preventing mononuclear cell trafficking across the blood-brain barrier
(BBB)'. Phase lll clinical trials*® and observational studies*® have confirmed its long-term

efficacy and safety in RRMS.

The most significant risk with NTZ is PML, especially in patients treated for over two years,
those with prior immunosuppressive therapy exposure, or those who are JCV antibody positive

with a high index”®.

With the availability of high-efficacy DMTs, the risk of PML in NTZ-treated patients can be
mitigated by switching treatments. However, NTZ is associated with a rebound phenomenon
and severe disease reactivation risk®. The RESTORE trial showed that switching from NTZ to
less efficacious DMTs, such as interferons, glatiramer acetate, or methylprednisolone, led to
clinical relapses in 15-29% of patients, with MRI activity detected as early as 12 weeks post-
treatment cessation'®. Similarly, real-world studies found breakthrough disease in patients

switched from NTZ to dimethyl fumarate'" or teriflunomide.

Only few small observational studies''® looked at efficacy and safety of fingolimod,

ocrelizumab (OCR), rituximab (RTX) or cladribine after natalizumab cessation.

The aim of this study was to compare the effectiveness, safety and drug survival of switching

from natalizumab to other high efficacy DMTs due to JCV Ab positivity.

V1.3. Methods

VI.3.1. Study Setting and Population

We conducted a multicenter retrospective observational study of patients with RRMS treated
with NTZ for at least 6 months before switching to high-efficacy DMTs due to JCV Ab positivity.
Patient data was obtained from the MENACTRIMS registry, the largest regional MS registry'’,
and local national registries from different countries in the MENA region including Kuwait,
Lebanon, UAE, Iraq, Oman, Algeria and Tunis. Data was extracted and analysed between
October 2022 and March 2023. All patients diagnosed with RRMS according to the 2010 or
2017" Mc Donald criteria and fulfilling the following inclusion criteria were included in the
study: age between 18 and 65 years, EDSS between 0-6, treated with natalizumab for at least
6 months before switching to another DMT due to positive serum JCV Ab or high Al, and a

follow up period on the new DMT of at least 1 year or until drug discontinuation whichever
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comes first. Patients who discontinued natalizumab treatment for other reasons than a positive

JCV Ab or shifted to other DMTs after a wash out period longer than 3 months were excluded.

VI.3.2. Outcomes

The study outcomes were: ARR, time to first relapse, confirmed disability progression, new
MRI activity after switching to the new DMT, no evidence of disease activity (NEDA-3) defined
as absence of relapses, new MRI lesions or disability progression, drug survival and adverse

events. The study baseline was defined as the date of initiation of the new DMT.

Relapse was defined as new or recurrent neurological symptoms lasting for more than 24
hours without fever or infection®. ARR was calculated by dividing the total number of relapses

by the total number of person-years at risk?'.

The EDSS obtained within 6 months before or 3 months after switching to the new DMT was
chosen as baseline. Disability progression was defined as 3 or 6 months sustained EDSS
increase by =1 point for a baseline EDSS between 2 and 5.5, or 0.5 points for an EDSS above
5.5, or 1.5 points for an EDSS between 0 and 1.5%.

Baseline MRI was defined as the MRI scan performed at least 3 months after initiating the new
DMT. Enhancing lesions and new T2 lesions on MRIs were calculated as proportion of patients

with positive scans among patients with valid baseline and follow-up MRIs.

Registered adverse events were: severe infections requiring medications, persistent
lymphopenia for > 3 months, increased liver enzymes = 3 times upper limit of normal,
bradycardia, autoimmune disorders, hypersensitivity reactions, PML and malignancies. The
date of discontinuation of the new DMT was recorded as the date of last administration. Drug
survival was defined as persistence on the new DMT during the observational period.
Alemtuzumab treatment discontinuation was defined as beginning of an alternative DMT within
the first year or when the decision against administration of the second treatment course was

made?.

VI.3.3. Data Collection
Patient data were recorded during routine clinic visits at participating centers via the locally
installed iMed or MDS software programs. Data was collected from the MENACTRIMS and

local MS registries using a standardized data collection sheet.

Maya Zeineddine | Ph.D. Thesis | University of Limoges | 2024 101
License CC BY-NC-ND 4.0



VI1.3.4. Standard Protocol Approvals
Ethical approval for the MENACTRIMS registry was granted by the American University of
Beirut Ethics Committee (Appendix 3). Approvals from local ethical committees in participating

centers were also obtained.

VI.3.5. Statistical Analyses
Patient data was coded and entered for analysis in SPSS V28. Sample characteristics were
summarized using frequency, proportion for categorical variable, mean and standard deviation

or median and interquartile rage for numerical data.

Number of relapses were counted and normalized per year duration to produce ARR, followed
by multivariable modeling using the Poisson distribution to produce Relative Risk (RR), 95%

confidence intervals Cl, and p-value.

Kaplan-Meier survival analysis was utilized to look at time for first relapse after switching to the

new DMT. Log Rank test produced p-value comparing the different DMT.

Confirmed disability progression CDP at 3-month and 6-month were computed. Crude and
adjusted Odds Ratio (OR) were computed using univariate and multivariable regression

models adjusting for other statistically significant covariates.

MRI activity outcomes, new T2 lesions and gadolinium enhancing lesions, were also counted
and compared between the different DMT using the Pearson Chi-square, and subsequently
followed by the multivariable logistic regression to compute OR, 95% CI adjusted for the
following confounding variables: age, sex, disease duration, washout period, baseline EDSS,
EDSS upon initiating NTZ, ARR in the year preceding NTZ treatment and duration of follow-

up on the new DMT. All analyses were carried out at the 0.05 significant level.

V1.4. Results

VI1.4.1. Study Population
In total, 342 patients switched from NTZ due to JCV Ab positivity. We excluded 15 patients

switching to low-efficacy DMTs (13 to interferon beta and 2 to teriflunomide and dimethyl
fumarate). Six patients switching to cladribine and one to ofatumumab were also excluded due
to small numbers. A total of 321 patients were included in the final analysis: 255 on rituximab
(RTX)/Ocrelizumab (OCR), 52 on fingolimod and 14 on alemtuzumab (Figure 1).
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11,983 Patients Screened

1044 Patients Identified as User of Natalizumab

342 Patients Enrolled

Figure 1: Flow chart of the Included/Excluded Patients

Baseline characteristics of the study population are shown in Table 1. The mean duration of
follow- up on the new DMT was 2.4, 4.3 and 4.0 years on RTX/OCR, fingolimod and

alemtuzumab, respectively.

Table 1: Baseline Characteristics of the Study Population
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Sex
Male

Female

Age (years)

Age of diagnosis (years)

Age at initiation of NTZ (years)

Total disease duration (years)

Number of relapses

in the year prior starting NTZ

Washout period (weeks)

EDSS upon initiating NTZ
EDSS upon initiating the new DMT
Duration of follow up on DMT (years)

Rituximab/QOcrelizumab
(n=255)

N (%)
79 (31)
176 (69)

Mean £+ SD
383+85

264£7.9

32.1+8.6
11.9+55
15+0.8
Median (IQR)
4.0 2-6)
2.0(1-4)
20(1-4)
2.4 (1.5-4)

Fingolimod
(n=52)

N (%)
20 (38.5)
32 (61.5)

Mean + SD
40.1+£9.2

263+7.4

30.6 + 8.8
13.8+5.6
13+0.6
Median (IQR)
6.0 (4-11)
2.0(1-3)
2.0 (1-4.4)
4.3 (2 - 6.4)

Alemtuzumab
(n=14)

N (%)
4(28.5)
10 (71.4)

Mean = SD
38.6+6.1

25.6 £ 6.5

30.8 £5.6
129+54
1.4+0.6
Median (IQR)
4.5(4-9)
2.0 (1-5.6)
2.3(1-6)
4(24-7)

SD = standard deviation; IOR = Interquartile Range; NTZ = natalizumab; EDSS = Expanded Disability Status

Score; DMT = Disease-modifying therapy

V1.4.2. Effectiveness

VI.4.2.1. Clinical Relapses

Switching to RTX/OCR was associated with a statistically significant reduction in ARR

compared to fingolimod (0.028 vs 0.193; p-value <0.001). No significant difference in ARR was
found between patients shifting to RTX/OCR vs alemtuzumab (0.028 vs 0.032; p-value=0.987).

Similar results were obtained when adjusting for the following confounding variables: age, sex,

disease duration, washout period, baseline EDSS, EDSS upon initiating NTZ, ARR in the year

preceding NTZ treatment and duration of follow-up on the new DMT. The time to first relapse

was significantly shorter in patients switching to fingolimod as compared to RTX/OCR, with a

mean time of 6.7+0.6 and 8.7+0.1 years (p-value <0.001), respectively (Figure 2). There was

no significant difference in time to first relapse between patients switching to RTX/OCR vs

alemtuzumab. Only 1 patient had a relapse on the latter. The results were similar after

adjusting for the selected confounding variables.

Maya Zeineddine | Ph.D. Thesis | University of Limoges | 2024

License CC BY-NC-ND 4.0

104



10 ‘ s + 5 | DMT
L it il il LT o L . Rituximab/Ocrelizumab
! —IFingolimod
L 1 Alemtuzumab
08 —=y )
L p-value from KM: Log Rank p-value <0.001
L—l Alemtuzumab vs Rituximab/Ocrelizumab p-value = 0.476
_ | ing d vs Rituximab/Ocrelizumab p-value <0.001
[ Fingolimod vs Alemtuzumab p-value = 0.019
z
3
w
=
a o4
02
00
00 200 400 6.00 800 1000
years
Rituximab/Ocrelizumab 8.7 0.1
Fingolimod 6.7 0.6
Alemtuzumab* - -

*Only 1 patient had a relapse on alemtuzumab

Figure 2: Time to first relapse on the new Disease-Modifying Therapy

V1.4.2.2. Disability Progression

Compared with RTX/OCR, switching to fingolimod was associated with a significant increase
in risk of 3- and 6-month confirmed disability progression, even after adjusting for confounding
variables (Adjusted OR, 3.28; 95%CI 1.06-10.09 and 2.89; 95%CI 1.06-7.87, respectively).
Patients switching to alemtuzumab were not included in the disability progression analysis due

to the small sample size (Table 2).
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Table 2: Confirmed 3- and 6-month Disability Progression on the New DMT

Odds-Ratio of 3-month and 6-month CDP by DMT Type

3-month CDP OR 95% CI p-value OR 95% CI p-value
Rituximab/Ocrelizumab 1.00 (ref)

Fingolimod 3.29 1.27 -8.51 0.014 3.28 1.06 - 10.09 0.039
6-month CDP

Rituximab/Ocrelizumab 1.00 (ref)

Fingolimod 2.29 1.03- 5.06 0.041 2.89 1.06 - 7.87 0.038

*Adjusted for Age, Sex, Disease duration, washout period, EDSS baseline, EDSS upon initiating NTZ, ARR before
NTZ treatment

CDP = Confirmed disability progression; OR = Odds Ratio; CI = Confidence Interval; DMT = Disease-modifying
therapy; EDSS — Expanded Disability Status Score; ARR= Annualized Relapse Rate; NTZ= Natalizumab
Alemtuzumab was removed from the analysis because the number of patients was too low.

VI1.4.2.3. MRI Activity

Due to the small number of patients with valid MRI scans in the alemtuzumab group (n=3),
alemtuzumab was not included in the MRI analysis. A higher proportion of patients with new
T2 lesions was detected in patients shifting to fingolimod compared to RTX/OCR (66.6% vs
24.0%; p-value<0.001) (Table 3). Similar results were obtained for Gd+ lesions with a higher
proportion of patients with Gd+ lesions on fingolimod compared to RTX/OCR (62.9% vs 13.0%,
p-value< 0.001).

Table 3: MRI Outcomes on the New DMT

N % N %
Number of Patients with 24 24.0 18 66.6 <0.001
new T2 lesions
Number of New T2 Lesions
0 76 76.0 9 333
1 22 220 5 18.5
2 20 5 18.5 <0.001
a 0.0 6 222
4+ 0 0.0 2 74
gd“‘f‘:;'i:::’“““ L 13 130 17 629 <0001
Number of Gd+ Lesions
0 87 87.0 10 370
1 12 12.0 6 222
: 5 o T = <0001
3 0 0.0 5 18.5
DMT = Disease-modifying therapy; GD+ = Gadolinium Enhancing
b was d from the lysis b the number of MRI scans in this group was too low.
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Figure 3 shows that, after adjusting for confounding variables, the proportion of patients with
new T2 or Gd+ lesions was still lower on RTX/OCR compared to fingolimod (OR 0.58; 95%CI
0.35-0.80 and 0.54; 95%CI 0.33-0.76, respectively).

Patients ?Nith _New T2 lesions 0.58 (0.35-0.8)
Fingolimod vs
Rituximab/ocrelizumab

Pat'ient's wit.h Gd+ lesions ' * . 0.54 (0.33-0.76)
Fingolimod vs
Rituximab/ocrelizumab

-0.5 -0.4 -0.3 -0.2 -0.1 0 01 0.2 0.3 04 05 0.6 0.7 08 09 1 11 1.2 13 14 15

*Adjusted for sex, age, washout period, baseline EDSS, and EDSS scores at initiation of NTZ, number of
relapses in year prior to NTZ, disease duration, and DMT duration

Alemtuzumab was removed from the multivariate regression analysis due to low number of patients with
valid scans.

MRI= Magnetic Resonance Imaging; Gd+= Enhancing Lesions; EDSS= Expanded Disability Status Scale;
NTZ= Natalizumab, DMT= Disease Modifying Therapy

Figure 3: Forest Plot for MRI Activity after Adjusting For Confounding Factors*

V1.4.2.4. NEDA-3

The alemtuzumab group was not included in the NEDA-3 analysis due to the small number of
patients with MRI. A higher proportion of patients on RTX/OCR achieved NEDA-3 compared
to fingolimod: 74.9% (191/255) vs. 40.4% (21/52); p-value< 0.001.

VI1.4.3. Safety

Patients on alemtuzumab experienced the highest frequency of adverse events (4/14 patients
with autoimmune thyroiditis) compared to fingolimod and RTX/OCR (28.6%, 21.2%, and 8.6%,
respectively) Lymphopenia, increased liver enzymes and bradycardia were more commonly
seen in patients on fingolimod. There was one case of PML (considered a carry-over from

NTZ) and one case of breast cancer on RTX and OCR, respectively (Table 4).
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Table 4: Adverse Events

Rituximab/Ocrelizumab Fingolimod Alemtuzumab
(n=255) (n=52) (n=14)
Adverse Events N % N % N %
Yes 22 8.6 11 21.2 4 28.6
Infections 9 3.5 5 9.6 0 0.0
Hypersensitivity 7 2.7 0 0.0 0 0.0
Reactions
Asymptomatic 0 0.0 1 1.9 0 0.0
Bradycardia
Persistent 0 0.0 3 5.8 0 0.0
lymphopenia
Increase in Liver 1 0.4 2 3.8 0 0.0
Enzymes >3X ULN
Autoimmune 0 0.0 0 0.0 4 28.6
Thyroiditis
PML 1 0.4 0 0.0 0 0.0
Breast Cancer 1 0.4 0 0.0 0 0.0

UTI= Urinary Tract Infection; ULN= Upper Limit of Normal; PML= Progressive Multifocal Leukoencephalopathy;
DMT= Disease Modifying Therapy

VI1.4.4. Drug Survival

A total of 31/52 patients (59.6%) on fingolimod discontinued treatment compared to 8/255
(3.1%) on RTX/OCR. The mean drug survival was 8.5 years on RTX/OCR compared to 5.6
years on fingolimod (p-value< 0.001) (Figure 4). The reasons for discontinuation of fingolimod
were: treatment failure (20/31 [64.5%]), adverse events (7/31 [22.6%]) and pregnancy (4/31
[12.9%)], and for RTX/OCR: patient preference (3/8 [37.5%]), treatment failure (2/8 [25%]),
adverse events (2/8 [25%]) and pregnancy (1/8 [12.5%]). None of the patients on alemtuzumab
fulfilled the criteria for treatment discontinuation, but 3 patients received a third cycle due to

breakthrough disease.
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08 e Rituximab/Ocrelizumab
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Duration on DMT in years

KM Log-rank p-value <0.001

Alemtuzumab vs Rituximab/Ocrelizumab p-value = 0.458
Fingolimod vs Rituximab/Ocrelizumab p-value <0.001
Fingolimod vs Alemtuzumab p-value = 0.004

Figure 4: DMT Survival

VL.5. Discussion

In this observational retrospective cohort study, we compared the effectiveness, safety and
drug survival of RTX/OCR, fingolimod and alemtuzumab after switching from NTZ due to JCV
Ab positivity. Compared to fingolimod, RTX/OCR and alemtuzumab were associated with
significant reduction in ARR and time to first relapse and had a longer drug survival. Patients
switching to RTX/OCR had less disability progression, fewer new T2 and Gd+ lesions and
higher rates of NEDA-3 compared to fingolimod. The results were similar after adjusting for
the selected confounding variables. Due to the low number of patients switching to
alemtuzumab, the latter was not included in the disability progression, NEDA-3 and MRI
activity analyses. The safety profile also favored RTX/OCR vs both fingolimod and
alemtuzumab with higher rate of infections, liver toxicity and lymphopenia on fingolimod and
autoimmune thyroiditis on alemtuzumab. It is of note however, that there was one case of PML
and one case of breast cancer on RTX and OCR, respectively. The better drug survival of
RTX/OCR and alemtuzumab compared to fingolimod was mainly due to a higher rate of
treatment failure on fingolimod.

To our knowledge, this is the first study comparing the effectiveness, safety and drug survival
of RTX/OCR, alemtuzumab and fingolimod after switching from NTZ. It is of note that to date,
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no randomized controlled trial comparing the efficacy and safety of switching from NTZ to high

efficacy DMTs due to JCV Ab positivity has been performed.

In a Swedish multicenter study of 256 patients switching from NTZ to rituximab or fingolimod
due to JCV Ab positivity, rituximab was associated with significantly lower relapse rates (1.8%
vs. 17.6%), Gd+ lesions (1.4% vs. 24.2%), and treatment discontinuation rates (1.8% vs.
28.2%) during 1.5 years of follow-up?*. Our study showed similar results when comparing
RTX/OCR to fingolimod over a longer follow-up period (2.4-4.3 years)®. Similar outcomes
were reported in a large retrospective observational MSBase registry study* comparing the
effectiveness and treatment discontinuation rates in patients switching from NTZ to dimethyl
fumarate, fingolimod, or OCR. Patients on fingolimod had higher annualized relapse rates
(ARR) (OR=4.33; 95% CI, 3.12-6.01), increased risk of disability progression (49%), and
higher treatment discontinuation rates (OR=2.57; 95% ClI, 1.74-3.80) compared to OCR .In a
retrospective French study®®, 48 patients on OCR were compared to 54 on fingolimod after
NTZ cessation. Patients on OCR had a significantly lower ARR after one year (0.12 vs. 0.41,

p=0.026), similar to our findings .

A retrospective multicenter German study®’ compared 101 patients on fingolimod to 42 on
alemtuzumab after NTZ cessation. Patients on fingolimod had higher relapse rates (OR=2.24;
95% CI, 1.12-4.50), disability progression (OR=4.84; 95% CI, 1.74-13.47), and MRI
progression (OR=2.41; 95% CIl, 1.26-4.60). Adverse events were more common in fingolimod
compared to alemtuzumab (OR=7.78; 95% CI, 1.04-57.95). However, follow-up was only for
one year, whereas the most common adverse events of alemtuzumab, autoimmune disorders,

peak in the third year of treatment .

In a recent study, Santiago-Setien et al. assessed clinical outcomes in 30 patients maintained
on NTZ extended interval dosing or shifted to OCR. There was no significant differences in

AAR, radiological activity, or disability progression between the 2 groups?.

Our study has several limitations. The retrospective observational design could have
introduced a selection bias. However, adjusting for multiple confounding variables did not alter
the outcomes. Combining both B-cell depleting therapies (OCR and RTX) into a single group
might have obscured any differential effects between them, but most studies have shown
similar effectiveness and safety profiles for both DMTs. For instance, a retrospective
multicenter Italian study found that OCR and RTX had similar reductions in ARR and MRI
activity in patients switching from NTZ. Additionally, we could not determine the JCV Ab index
due to inconsistent reporting in the registries. We also lacked detailed information on the
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dosage and interval dosing of natalizumab and the B-cell depleting therapies. Some patients
on rituximab received doses ranging from 500 to 1000 mg at intervals of 6 to 12 months, a
common practice in the MENA region. However, previous studies have indicated that such

variations in dosing or treatment interval did not affect the effectiveness of RTX*%32,

The strengths of this study include the large number patients and long follow-up duration
compared to most previous studies. It is also, to our knowledge, the first study to compare
RTX/OCR, fingolimod and alemtuzumab as potential exit strategies in patients on NTZ and
JCV Ab positivity.

VI.6. Conclusion
Our study showed that in patients switching from NTZ due to JCV Ab positivity, RTX/OCR
showed higher effectiveness and better safety profile compared to fingolimod. Compared to

alemtuzumab, RTX/OCR had similar effectiveness but better safety profile.
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Chapter VII. General Discussion

VIl.1. Main Findings

This thesis aimed to evaluate the long-term safety and efficacy of high-efficacy DMTs among
MS patients in the MENA region.

The first objective focused on evaluating the availability and accessibility of DMTs across the
MENA region. The findings revealed significant disparities in access to both low-efficacy and
high-efficacy DMTs, with high-income countries generally having better access compared to
low-income countries. For instance, countries such as Kuwait and Saudi Arabia had a broad
range of available DMTs, while countries like Sudan and Syria struggled with limited access
due to both economic and infrastructural barriers. These findings align with the broader global
patterns observed in studies by the MSIF®3, which have highlighted significant discrepancies

in MS care depending on national income levels.

Comparing these results to studies from other regions, this research showed that access to
DMTs in the MENA region is similar to areas like Southeast Asia and the Western Pacific but
remains lower than in Europe and the USA®®. Moreover, it emphasized the widespread use of
off-label DMTs in MENA, aligning with global trends, especially in low-resource settings'’®.
This study also indicated that barriers to treatment access, such as cost and availability, are
more significant in MENA compared to other regions, highlighting the economic disparities
within the area. This observation is consistent with findings from other regions, such as Latin
America, where similar challenges are present'’. However, the extent of the disparity within
the MENA region, where some countries have near-complete access while others have almost
none, is particularly striking and suggests that regional efforts to address these gaps are

urgently needed.

Building on these findings, the next study explored the specific situation in Lebanon, a country
grappling with a severe economic crisis that has further restricted access to MS treatments. In
the context of the ongoing economic crisis in Lebanon, this second study examined how the
country's financial instability has affected MS patients' access to treatment and overall quality
of life. The study found that many patients experienced interruptions in their treatment
regimens, leading to worsened health outcomes and reduced QOL. This is consistent with the
findings from global studies that have linked economic crises to deteriorations in chronic
disease management, as seen in Greece during its financial crisis, where access to healthcare

significantly declined, resulting in poorer health outcomes'’®.
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Furthermore, the Lebanese study showed that higher levels of education, being employed, and
being married are associated with better HRQOL, similarly the results of studies from Oman'’®
and Kuwait'®. Notably, physical disability negatively impacted HRQOL, aligning with research
from Iran'®', Germany'®?, and Kuwait'®®, which also demonstrated that worsening disability
correlates with lower quality of life. The association between marital status and improved
quality of life, found in this study, mirrors similar findings in other research, where family
support plays a crucial role' 84 In contrast, living in urban areas, specifically Beirut, was
linked to lower HRQOL, which differs from North American studies showing better outcomes

185

for urban residents'®®, possibly due to the unique healthcare landscape in Lebanon.

Overall, both studies (1 and 2) underscored the profound impact of external factors,economic
crises and healthcare access, on the QoL and health outcomes for MS patients. In the broader
MENA region and specifically in Lebanon, financial barriers, such as the high cost of DMTs
and lack of insurance, were shown to significantly hinder patients' ability to maintain their
treatment regimens, which in turn directly impacts their QoL. To sum up, the studies collectively
highlighted the urgent need for targeted healthcare strategies and policies to address
economic barriers and improve treatment access, which are crucial for enhancing the QoL of

MS patients in resource-constrained settings.

After assessing the accessibility of DMTs in the MENA region with a particular emphasis on
Lebanon, the next critical focus was the intersection of MS treatments and the global COVID-
19 pandemic. The unprecedented spread of COVID-19 introduced significant challenges for
PwMS, especially those undergoing immunosuppressive therapies. Due to their increased
susceptibility to infections, it became crucial to evaluate the effects of these treatments on
COVID-19 outcomes within this population. Thus, the third study addressed the safety
concerns related to the use of high-efficacy DMTs during the COVID-19 pandemic. Consistent
with global studies, this research identified older age, higher disability scores EDSS, and
comorbidities like obesity as significant risk factors for severe COVID-19 outcomes in PwWMS.
The association between these risk factors and severe COVID-19 was also observed in the
COVISEP French registry'®® and the MS Global Data Sharing Initiative'®, which reported
similar associations in their populations. Unlike some studies'®* '®  this study found no
significant association between ocrelizumab and increased COVID-19 severity, although a
trend was noted, possibly due to the relatively recent introduction of ocrelizumab in the MENA
region. Moreover, the study also highlighted that rituximab and other off-label
immunosuppressive treatments were associated with a higher risk of severe COVID-19,

164

aligning with findings from other international registries like those from Italy'®* and France'®.

The mortality rate among the cohort was similar to that observed in the general population,
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suggesting no increased risk of death from COVID-19 specifically due to MS, although this
requires further epidemiological confirmation. This suggests that while high-efficacy DMTs are
effective in controlling MS, they necessitate careful monitoring and risk assessment during
infectious disease outbreaks. These findings contribute to the broader discussion on the safety
profiles of MS treatments in the context of global pandemics, highlighting the need for updated

treatment guidelines that reflect these risks.

For a better understanding of the safety and efficacy of high-efficacy DMTs in PwMS, the fourth
study investigated the comparative safety and effectiveness of these therapies for patients
transitioning from natalizumab, particularly those at risk for PML. This research found that
rituximab/ocrelizumab offers superior outcomes in reducing relapse rates and MRI activity
compared to fingolimod, along with a better safety profile. Alemtuzumab, while effective, was
associated with autoimmune thyroiditis as a significant adverse event. These results align with

those from Swedish multicenter'®® and MSBase registry studies'®®"

, reinforcing the
preference for rituximab/ocrelizumab over fingolimod post-natalizumab discontinuation.
However, similarly to the third study, this research highlighted some concerns regarding the
long-term safety of these high-efficacy DMTs, particularly in relation to infection risks, which is

consistent with findings from studies on B-cell depleting agents'?

. This suggests that while
these therapies are effective alternatives, their use should be carefully managed, particularly
in patients with additional risk factors for infections. Together, these studies (3 and 4)
emphasize the crucial need for careful DMT selection in MS management, ensuring that
patients receive treatment that maximizes efficacy while minimizing risks, particularly in

situations like the COVID-19 pandemic.

VII.2. Clinical Practice Recommendations and Implications

This research underscored the multifaceted challenges faced by MS patients in the MENA
region, particularly in low-resources countries and during times of crisis. The barriers to
treatment, whether due to economic instability or a global pandemic, significantly impact
patient outcomes. The consistent finding across all these studies is that access to safe and
effective DMTs is crucial in managing MS and maintaining QoL. Based on these results,

several recommendations and implications for clinical practice can be drawn:

1. Enhancing Access to DMTs in Low- and Middle-Income Countries

The disparities in access to DMTs across the MENA region highlight the urgent need for
targeted interventions to improve accessibility in low- and middle-income countries. Health
authorities and policymakers should consider implementing national and regional strategies to

address these disparities. This could include negotiating with pharmaceutical companies for
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lower drug prices, encouraging the local production of generics, and establishing funding
mechanisms to subsidize the cost of treatment for patients who cannot afford it. Additionally,
increasing awareness and training among healthcare providers about the available DMTs and

their appropriate use could help improve treatment coverage in underserved areas.

2. Addressing Economic Barriers to Continuous MS Care

The impact of economic crises on MS treatment continuity, as evidenced by the situation in
Lebanon, underscores the need for resilient healthcare systems that can maintain the supply
of essential medications during financial downturns. Governments should explore creating
emergency healthcare funds or partnering with international organizations to ensure that
patients with chronic conditions like MS continue to receive necessary treatments despite
economic challenges. For clinical practice, it is crucial to prioritize the most cost-effective

therapies that can maintain efficacy while being financially sustainable during crises.

3. Incorporating Infection Risk Management in High-Efficacy DMT Protocols

The increased risk of severe infections, particularly during the COVID-19 pandemic, among
patients on high-efficacy DMTs like anti-CD20 monoclonal antibodies, suggests that infection
risk management should be a critical component of MS treatment protocols. Clinicians should
assess patients' infection risk before initiating these therapies and consider alternative
treatments for those at higher risk. Additionally, patients on these therapies should receive
regular monitoring for infections, and clinicians should be prepared to modify treatment plans
in response to emerging infectious threats. Vaccination strategies, including timing and choice

of vaccines, should be optimized for patients on immunosuppressive therapies.

4. Regular Reevaluation of Treatment Strategies Based on Individual Patient

Responses

The comparative effectiveness of therapies post-natalizumab suggests that regular
reevaluation of treatment strategies is necessary to ensure optimal outcomes. Clinicians
should not only rely on initial treatment choices but should continuously assess patient
responses and adjust therapies accordingly. This could involve transitioning patients between
therapies based on their evolving risk profiles or emerging evidence about the safety and
efficacy of different DMTs. Incorporating biomarkers and other predictive tools into routine

practice could further enhance the ability to tailor treatments to individual patients.
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5. Educating Patients on the Risks and Benefits of High-Efficacy DMTs

Given the complexity of treatment decisions in MS, especially regarding high-efficacy DMTs,
it is crucial to involve patients in their care decisions through comprehensive education.
Patients should be informed about the potential risks and benefits of different therapies,
including the possibility of severe infections and the need for regular monitoring. This shared
decision-making process will empower patients to make informed choices about their

treatment and could improve adherence and overall outcomes.

6. Strengthening Regional Collaboration and Data Sharing

This research leveraged data from the MENACTRIMS registry, highlighting the value of
regional collaboration and data sharing in advancing MS care. Expanding the registry to
include more comprehensive data from all MENA countries could enhance understanding of
regional treatment patterns and outcomes, leading to better-informed clinical practices.
Clinicians and healthcare providers across the region are encouraged to contribute to and

utilize this shared resource to improve MS care and patient outcomes collectively.

VII.3. Strengths and Limitations

The thesis demonstrates several strengths, mainly its comprehensive evaluation of DMTs
accessibility and long-term safety and efficacy in the MENA region, a typically
underrepresented area in global MS research. By analyzing DMT availability, accessibility, and
clinical outcomes across multiple countries with varying income levels, it provides valuable
insights into the unique challenges faced by neurologists and patients. The use of a large
sample size, particularly through the MENACTRIMS registry, enhances the reliability and
generalizability of the findings, allowing for more precise estimates of treatment effects and
robust subgroup analyses. Furthermore, the use of real-world data from one of the largest MS
registries in the region ensures that the findings are highly relevant to everyday clinical
decision-making. The focus on the long-term safety and efficacy of high-efficacy DMTs,
especially in the context of the MENA region, significantly contributes to understanding the
risks associated with these therapies, including during the COVID-19 pandemic. This research
also adds to the global understanding of how chronic conditions and their treatments interact
with emerging infectious diseases. The use of validated tools, rigorous statistical analysis, and
collaboration across multiple centers further enhance the study's robustness and applicability

to a broader population of MS patients beyond the MENA region.

However, this research also has some limitations, primarily its reliance on registry data, which,

while valuable, may lack the granularity needed for certain analyses and be subject to
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inconsistencies in data collection and reporting across centers and countries. This reliance
introduces potential selection bias, as the data might disproportionately represent patients from
larger, more resource-rich centers, leading to an overestimation of treatment access and
outcomes. Additionally, information bias and data quality issues may arise from inconsistent
data entry and variability in reporting, potentially affecting the reliability of the results. The
observational nature of the registry data also poses a risk of confounding factors which could
influence the observed associations between treatments and outcomes. Moreover, the cross-
sectional and retrospective designs of the studies, while useful for identifying associations and
trends, limit the ability to establish causality, necessitating longitudinal studies for a more
comprehensive understanding of the long-term effects of the economic crisis, pandemic, and

treatment decisions on MS outcomes.
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Chapter VIIl. Future Research Perspectives

While this research has provided important insights into MS management in the MENA region,

several areas require further investigation to continue advancing the field.

VIIl.1. The Comparative Effectiveness of Natalizumab and Anti-CD20 Monoclonal

Antibodies in Relapsing-Remitting Multiple Sclerosis: A Real-World based Study

The fifth objective of this thesis, which focuses on comparing the effectiveness of high-efficacy
monoclonal antibodies in MS, is currently under finalization. In fact, natalizumab and anti-CD20
monoclonal antibodies are among the most potent DMTs used, either as escalation therapy or
in cases of highly active disease. However, there is a lack of head-to-head comparisons of
their efficacy and safety, particularly in real-world settings. This study, which aims to compare
the effectiveness and safety of natalizumab versus ocrelizumab/rituximab in a real-world
cohort of RRMS patients, addresses this gap by providing valuable data that could guide
clinicians in optimizing treatment strategies for MS patients, particularly in the MENA region,
aligning with the main thesis objective. This registry-based, retrospective, multicenter study
was carried out in 7 Middle Eastern countries (Iraq, Kuwait, Lebanon, Oman, Saudi Arabia,
Tunisia, and UAE) by analyzing data from the MENACTRIMS registry and local MS registries
in the MENA region. All adults RRMS patients treated with natalizumab, rituximab or
ocrelizumab and maintained on treatment for at least 12 months were included. Patients were
matched using propensity scores to minimize selection bias and ensure balanced baseline
characteristics between patients treated with natalizumab and those treated with anti-CD20
monoclonal antibodies. Primary outcomes were clinical relapses measured as ARR, confirmed
disability progression and improvement and MRI activity. Secondary outcomes included
NEDA-3 (no relapses, no confirmed disability progression, and no MRI activity), adverse
events and drug survival. A subgroup analysis comparing rituximab to ocrelizumab will also be

conducted.

A total of 1954 RRMS patients were identified: 677 were treated with NTZ and 1277 with anti-
CD20 therapies. Natalizumab and anti-CD20 groups were matched by means of propensity
scores using age, sex, time since first symptoms, baseline EDSS, relapses in previous year
and number of previous DMT. This resulted in 677 cases of Natalizumab and 587 anti CD20
cases matched. The results of this study will be presented as an oral presentation during the
40" ECTRIMS Congress on September 19, 2024 in Copenhagen, Demark (Appendix 10).
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VIIl.2. Longitudinal Studies on the Impact of Socioeconomic and Healthcare Disparities
on MS Care

The research highlighted significant barriers to accessing MS treatments in the MENA region.
Future research should explore strategies to overcome these barriers, such as cost-effective
treatment options, improved healthcare infrastructure, and policy changes. Furthermore,

studies should investigate the impact of these interventions on patient outcomes.

VIII.3. Personalized Medicine in MS Treatment

As the thesis has highlighted the importance of personalized treatment strategies, future
research should aim to identify and validate biomarkers that can predict treatment response
and disease progression in MS patients. This would enable more tailored treatment
approaches, improving outcomes and reducing the risk of adverse effects associated with
high-efficacy DMTs.

VIIl.4. Longitudinal Studies on Treatment Discontinuation

The thesis provided insights into the outcomes following natalizumab discontinuation. Future
research should conduct longitudinal studies to understand better the long-term effects of
stopping or switching DMTs, including the risk of disease rebound and strategies to mitigate

such risks.
VIIL.5. Expanding the MENACTRIMS Registry

The MENACTRIMS registry has proven to be a valuable resource for understanding MS in the
MENA region. Future research should focus on expanding the registry to include more
countries and more comprehensive data on patient demographics, treatment outcomes, and
long-term follow-up. Enhancing the quality and scope of the data collected will allow for more
detailed analyses and provide a high-quality resource for ongoing research into MS in the
MENA region.
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Chapter IX. Conclusion

This research evaluated the long-term safety and efficacy of high-efficacy DMTs MS patients
in the MENA region. It revealed significant disparities in access to these therapies, driven by
socioeconomic and political challenges. In Lebanon, the study highlighted how the ongoing

economic crisis has severely impacted continuous treatment for MS patients.

The findings emphasized the need for improved access to high-efficacy therapies and tailored
guidelines for the MENA region. Additionally, the research provided valuable insights into the
safety risks associated with DMTs, such as COVID-19 and PML, which are crucial for guiding
clinical decisions. Moreover, this study highlighted the complexities of transitioning patients
from natalizumab to other high-efficacy DMTs, contributing to the broader understanding of

how to optimize long-term treatment strategies for MS patients.

This project contributes to a better understanding of MS treatment in the MENA region and

calls for future efforts to address the healthcare disparities and improve patient outcomes.
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Appendix 1. Study 1 Questionnaire

Atlas of MS — 3™ Edition - Questionnaire B: Clinical Management of MS)
Final issue updated 13-10-19

COUNTRY: Please indicate the country you are providing
data for:

INTRODUCTION:

This survey is conducted by the MS International Federation (MSIF) and their trusted partner McKing Consulting
Corporation (McKing). The purpose of the survey is to collect information for the Atlas of Multiple Sclerosis (MS).
The Atlas is a key tool for organizations, health professionals and individuals when advocating for better access to
treatment, care and support, and has been widely cited in the research literature.

Your participation is voluntary, and refusal to participate will involve no penalty or loss of benefits to which you are
otherwise entitled, and you may discontinue participation at any time.

Your personal data may be used by MSIF or McKing in relation to the Atlas project (for example for validation
purposes, invitations to participate in future updates, advice or reporting etc.).

MSIF and McKing take our duty to protect your personal information seriously. Any personal information you
provide will be collected, transferred and/or stored in compliance with MSIF’s privacy policy
https://www.msif.org/privacy-policy/. We will retain this information for the duration of the Atlas project. The data
that we collect from you may be transferred to, and stored at locations both inside or outside the European
Economic Area (“EEA”) or Switzerland, including the USA.

To agree to the above terms and conditions and proceed with the survey please select "l agree" below: w
1. lagree

2. 1do not agree

CONTACT DETAILS

Thank you for agreeing to contribute data to the Atlas of MS - you are part of a global movement to create this
important data source that will be used to improve the situation for people with MS worldwide. We cannot do this
without you!

When answering the questions in this survey, please focus on the diagnosis, treatment and clinical management
of Multiple Sclerosis (MS) only. Please do not include other demyelinating conditions such as Neuromyelitis
Optica (NMO).

It is important that the answers provided are as accurate as possible. To help with validation and interpretation
some questions ask for sources of evidence for the data. However, we appreciate that you may not have
evidence to support the answer - for these, it would be useful to consult with others in the country to ensure
confidence in the answers and that best estimates are provided for the country (so they are not just based on one
person’s opinion). To help with the collaboration we have provided a PDF version of the survey that you can use
to share and discuss with colleagues or collect data from multiple sources before inputting the data into the online
survey.

Once you have started completing the online questionnaire, all entered data will be saved as you go, so it is
possible to pause and return to it at a later time.

CONTACT DETAILS: Please provide the contact information for the lead person completing this questionnaire
and coordinating the response for the country

By providing this information, you are consenting for MSIF and their trusted partners to securely hold this data for
the duration of the Atlas project and to contact you in connection with the project.

Full Name:

Title (Dr, Prof, Mr, Ms.
etc...):

Current Position/job title:

Maya Zeineddine | Ph.D. Thesis | University of Limoges | 2024 135
License CC BY-NC-ND 4.0



Organization:

Email:

Diagnosis of MS

The first few questions are about the diagnosis of MS, the criteria used and the barriers to
diagnosis.

QB1. Please indicate all the MS diagnostic criteria that you are aware are used in the country?
Please indicate all that apply.

|| 1. McDonald criteria — 2017 version
|| 2. McDonald criteria — 2010 version
|| 3. McDonald criteria — 2001 or 2005 version
| | 4. Poser criteria
|| 5. Schumacher criteria
6. Other (please specify:
)
7. Not sure

QB2.And which ONE criteria do you think is currently the most commonly used to diagnose MS in the
country?

|| 1. McDonald criteria — 2017 version
|| 2. McDonald criteria — 2010 version
|| 3. McDonald criteria — 2001 or 2005 version
| | 4. Poser criteria
|| 5. Schumacher criteria
6. Other (please specify:
)
7. Not sure

QB3.Please include the types of source(s) you consulted to provide this information.
If you have estimated this information or it is based on your opinion — please mention this under the
“Your personal opinion” code and indicate any assumptions or data you used.

Please indicate all sources used.

1. Published academic paper or a poster/platform presentation at a scientific conference

2. Patient data (patient register, government or health service report/statistics, electronic
medical records, insurance claims data, patient survey)
3. My personal opinion

4. Opinion of others

5. Other (please specify:

Please specify any assumptions or data you have taken into account when providing opinions. Please
also provide further details or links to any public academic papers or patient data that you have
consulted.
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QB4. If the 2017 version of the McDonald criteria is not being used or not being used all the time or by
all neurologists in the country, why do you think that is? Please indicate all that apply.

1. Neurologists lack awareness or are not trained to use the 2017 criteria

2. Health professionals (lab assistants, radiographers, neurologists) with specialist
knowledge to diagnose MS (run or interpret the tests) are not readily available

Magnetic Resonance Imaging (MRI) machines are not readily available

4. Specialist equipment for detecting oligoclonal bands in cerebrospinal fluid are not readily
available

5. The cost of the diagnostic tests required by the 2017 McDonald criteria are too expensive
for the government, health provider or insurance provider

6. The cost of the diagnostic tests required by the 2017 McDonald criteria are too expensive
for people suspected of having MS

7. People suspected of having MS do not take all the diagnostic tests required for the 2017
McDonald criteria (for reasons other than cost)

Not applicable — 2017 McDonald criteria used by all neurologists/all the time

Other (please
specify
)

10. Not sure

QB5. What procedures are typically used to diagnose people suspected as having MS in the country?
Please indicate all that apply.

Neurological examination

Magnetic Resonance Imaging (MRI)

Spinal tap/lumbar puncture (e.g., to detect oligoclonal bands)
Evoked potentials

Optical Coherence Tomography (OCT)

o gk~ e N2

Other (please
specify
)
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Barriers to diagnosis

The next few questions are to help provide a picture of the barriers to early diagnosis in the
country. The first question is to ascertain the broad categories of barriers and the follow-up
questions will delve into some of these in more detail.

QB6. Please indicate the major barriers in the country that prevent individuals from receiving a MS
diagnosis as early as possible. Please indicate all major barriers that apply.

1. No major barriers - everyone gets diagnosed promptly

2. Lack of awareness of MS symptoms among the general public (leads to delays contacting
health professionals)

3. Lack of awareness of MS symptoms among health care professionals (leads to
misdiagnosis or delays in referral)

4. Health professionals (lab assistants, radiographers, neurologists) with specialist
knowledge to diagnose MS not readily available

5. Specialist medical equipment or tests to diagnose MS not readily available (e.g.: MRI
machines, equipment for detecting oligoclonal bands in cerebrospinal fluid)

6. Cost of providing diagnosis is too expensive for the government, health provider or
insurance provider

7. People suspected of having MS do not take the diagnostic tests (for cost or personal
reasons)

8. Bureaucracy/inefficiency/complexity in health system (leading to delays in referral between
parts of system)

9. Other (please
specify
)

10. Not sure

PLEASE ANSWER QB7 IF YOU MENTIONED HEALTH PROFESSIONALS NOT READILY
AVAILABLE (@B6 code 4)

QB7. You mentioned that health professionals with specialist knowledge to ensure that MS is
diagnosed at an early stage are not readily available in the country. Which of the following aspects
related to this do you think are the major barriers? Please indicate all major barriers that apply.

Neurologists not readily available

Specialist MS neurologists not readily available
Radiologists / Neuro-radiologists not readily available

o nh =

Other staff not readily available (please
specify )

5. Not sure

PLEASE ANSWER QB8 IF YOU MENTIONED EQUIPMENT OR TESTS NOT READILY
AVAILABLE (aB6 code 5)

QB8. You mentioned that specialist medical equipment or tests needed to diagnose MS are not readily
available in the country. Which of the following aspects related to this do you think are the major
barriers?

Please indicate all major barriers that apply.

I:l 1. MRI machines not readily available
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2. Specialist laboratory equipment/tests for accurate diagnosis (e.g. checking spinal fluid
for oligoclonal banding) not readily available

3. Other medical equipment or tests not readily available (please
specify )

4. Not sure
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PLEASE ANSWER QB9 IF YOU MENTIONED PEOPLE DO NOT TAKE THE DIAGNOSTIC TESTS
(QB6 code 7)

QB9. You mentioned that some people suspected as having MS in the country do not take the
diagnostic tests. Which of the following aspects related to this do you think are the major barriers?
Please indicate all major barriers that apply.

1. Cost of diagnostic tests is too high for the people suspected as having MS (e.g. lack of
health insurance, or tests not covered/fully covered by health insurance, etc.)

2. They are not able to travel to access the diagnostic tests (e.g. live too far away, cannot
afford transport costs, not physically able to travel etc.)

3. They are worried about the social stigma related to having a confirmed diagnosis of MS

4. They are worried about the diagnostic procedures/tests (e.g. concern over side effects /
pain / claustrophobia)

5. Other reasons people do not to take the tests needed for diagnosis (please specify:

)

6. Not sure

EVERYONE ANSWERS HERE

QB10. Please include the types of source(s) you consulted to provide this information regarding the
barriers to diagnosis.

If you have estimated this information or it is based on your opinion — please mention this under the
“Your personal opinion” code and indicate any assumptions or data you used.

Please indicate all sources used.

1. Published academic paper or a poster/platform presentation at a scientific conference

2. Patient data (patient register, government or health service report/statistics, electronic
medical records, insurance claims data, patient survey)
3. My personal opinion

4. Opinion of others

5. Other (please specify:

Please specify any assumptions or data you have taken into account when providing opinions. Please
also provide further details or links to any public academic papers or patient data that you have
consulted.

Disease Modifying Therapies (DMTs)

The next section is about the use of disease modifying therapies (DMTs) for the treatment of
MS and any barriers to accessing DMTs in the country.

A disease modifying therapy (DMT) is a treatment or drug that can modify the course of MS by
reducing the number of relapses or slowing down any worsening of disability or symptoms. Drugs
used for the treatment of symptoms or relapses are excluded from this category.

QB11. Are any type of disease modifying therapies (DMTs) available in the country at the moment?
Please indicate if they are DMTs that have been approved for the treatment of MS in the country or
off-label DMTs that are used for the treatment of MS. Please indicate all that apply.
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1. Yes — DMTs approved for the treatment of MS in the country are available
2. Yes — Off label DMTs used for the treatment of MS in the country are available
3. No (please skip to QB18)
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PLEASE ANSWER QB12 IF APPROVED DMTs AVAILABLE IN THE COUNTRY (aB11 code 1)
QB12. Please estimate the percentage of people diagnosed with MS who are currently being treated
with disease modifying therapies (DMTs) that have been approved for use in the country.

0 percent
1-25 percent
26-50 percent
51-75 percent
76-99 percent
100 percent
Not sure

Noakrwh=

PLEASE ANSWER QB13 IF OFF LABEL DMTs AVAILABLE IN THE COUNTRY (aB11 code 2)
QB13. Please estimate the percentage of people diagnosed with MS in the country, who are currently
being treated with off-label disease modifying therapies (DMTs).

0 percent
1-25 percent
26-50 percent
51-75 percent
76-99 percent
100 percent
Not sure

Noakrwh=

PLEASE ANSWER QB14 IF APPROVED DMTs OR OFF LABEL DMTs AVAILABLE (aB11 code 1 or 2)
Source - Percent treated with DMT

QB14.Please include the types of source(s) you consulted to provide this information regarding the
percentage of people treated with approved or off label DMTs.

If you have estimated this information or it is based on your opinion — please mention this under the
“Your personal opinion” code and indicate any assumptions or data you used.

Please indicate all sources used.

1. Published academic paper or a poster/platform presentation at a scientific conference

2. Patient data (patient register, government or health service report/statistics, electronic
medical records, insurance claims data, patient survey)
3. My personal opinion

4. Opinion of others

5. Other (please specify:

Please specify any assumptions or data you have taken into account when providing opinions. Please
also provide further details or links to any public academic papers or patient data that you have
consulted.
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PLEASE ANSWER QB15 IF APPROVED DMTs AVAILABLE IN THE COUNTRY (aB11 code 1)
QB15. Please indicate which of these originator brands of disease modifying therapies (DMTs), if
any, are approved by a national regulatory authority in the country for the treatment of MS?

An originator brand of DMT is the product that was first authorized worldwide for marketing (normally
as a patented product) on the basis of the documentation of its efficacy, safety, and quality.

Please only indicate originator DMTs that are approved for use for MS by the regulatory authority in
the country. There is a subsequent question that will ask about follow-on/copy/generic/bio-similar
DMTs (so please do not include these here) and another question that looks at all DMTs that people
with might be treated with (including off-label).

It is important the data is as accurate as possible, so please consult published information to verify
which originator DMTs are approved for the treatment of MS in the country when answering this
question.

Please indicate all approved.

Lemtrada® [Alemtuzumab, ATC: L04AA34]
Mavenclad® [Cladribine (oral), ATC: LO4AA40]
Tecfidera® [Dimethyl fumarate, ATC: NO7XX09]
Gilenya® [Fingolimod, ATC: LO4AA27]
Copaxone® [Glatiramer acetate, ATC: LO3AX13]
Avonex® [Interferon-beta 1a, ATC: LO3ABO7]
Betaferon® [Interferon-beta 1b, ATC: LO3AB08]
Novantrone® [Mitoxantrone, ATC: LO1DBO07]
Tysabri® [Natalizumab, ATC: L04AA23]

10 Ocrevus® [Ocrelizumab, ATC: LO4AA36]
11.Plegridy® [Peginterferon-beta 1a, ATC: LO3AB13]
12.Mayzent® [Siponimod, ATC: LO4AA42]
13.Aubagio® [Teriflunomide, ATC: LO4AA31]
14.0Other (specify

OCOE®NOOAWN =

15.None approved by the regulatory authority
16.Not sure

Please provide a link to the website where this information was found

PLEASE ANSWER QB16 IF APPROVED DMTs AVAILABLE IN THE COUNTRY (aB11 code 1)
QB16. Are any follow-on (generic, biosimilar, or “copy”) disease modifying therapies (DMTs)
approved by a national regulatory authority in the country for the treatment of MS?

Follow-on, generic, copy or biosimilar DMTs are DMTs that are made by a different manufacturer after
the expiration of the original patent and marketing exclusivity of an original innovative DMT.

1. Yes
2. No
3. Not sure
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PLEASE ANSWER QB17 IF FOLLOW-ON DMTs AVAILABLE IN THE COUNTRY (aB16 code 1)
QB17. Which follow-on (generic, biosimilar, or “copy”) disease modifying therapies (DMTs) are
approved by a national regulatory authority for the treatment of MS in the country?

It is important the data is as accurate as possible, please consult published information to verify which
follow-on (generic, biosimilar or copy) DMTs are approved for the treatment of MS in the country when
answering this question.

Please indicate all approved

Follow-on Dimethyl fumarate
Follow-on Fingolimod
Follow-on Glatiramer acetate
Follow-on Interferon-beta 1a
Follow-on Interferon-beta 1b
Follow-on Teriflunomide
Other Follow-on DMT (specify

Nookrowh-=

®

Not sure

Please provide a link to the website where this information was found

EVERYONE ANSWERS HERE

QB18. In some countries, the DMTs used to treat MS can differ from those approved for use, due to
the use of off-label drugs or drugs imported from other countries. Which disease modifying therapies
(DMTs) are used for the treatment of MS in the country? (Please exclude any drugs used just to treat
symptoms or relapses)

Please indicate all DMTs used (including off-label). If you do not have a source of evidence for this
question, please consult with other health professionals in the country to ensure the data is a complete
representation for the country.

Alemtuzumab, ATC: LO4AA34
Azathioprine, ATC: L0O4AX01
Cladribine (IV), ATC: LO1BB04
Cladribine (oral), ATC: LO4AA40
Cyclophosphamide, ATC: LO1AAO01
Dimethyl fumarate, ATC: NO7XX09
Fingolimod, ATC: LO4AA27
Fludarabine, ATC: L0O1BB05

. Fumaderm, ATC: D0O5AX01
10.Glatiramer acetate, ATC: LO3AX13
11.Interferon-beta 1a, ATC: LO3AB07
12.Interferon-beta 1b, ATC: LO3AB08
13.Leflunomide, ATC: LO4AA13
14.Methotrexate, ATC: LO4AX03
15.Minocycline, ATC: JO1AA08
16.Mitoxantrone, ATC: LO1DB07
17.Natalizumab, ATC: LO4AA23
18.0crelizumab, ATC: LO4AA36
19.Peginterferon-beta 1a, ATC: LO3AB13
20.Rituximab, ATC: LO1XC02
21.Siponimod, ATC: LO4AA42

22 .Teriflunomide, ATC: L04AA31
23.0ther (specify

©CO®NoOhsWN -~

Maya Zeineddine | Ph.D. Thesis | University of Limoges | 2024 145
License CC BY-NC-ND 4.0



24 .None
25.Not sure
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Source - DMT use in the country

QB19.Please include the types of source(s) you consulted to provide this information regarding DMTs
used to treat people with MS in the country.

If you have estimated this information or it is based on your opinion — please mention this under the
“Your personal opinion” code and indicate any assumptions or data you used.

Please indicate all sources used.

1. Published academic paper or a poster/platform presentation at a scientific conference

2. Patient data (patient register, government or health service report/statistics, electronic
medical records, insurance claims data, patient survey)
3. My personal opinion

4. Opinion of others

5. Other (please specify:

Please specify any assumptions or data you have taken into account when providing opinions. Please
also provide further details or links to any public academic papers or patient data that you have
consulted.

Barriers to Accessing DMTs

The next few questions are to help provide a picture of the barriers to getting disease
modifying therapies (DMTs) in the country. The first question is to ascertain the broad
categories of barriers and the follow-up questions will delve into some of these in more detail.

QB20. Please indicate the major reasons why people with MS in the country do not get treated with
disease modifying therapies (DMTs) they meet the clinical eligibility criteria for.
Please indicate all major barriers that apply.

1. No major barriers — everyone who meets the clinical eligibility criteria for disease
modifying therapies is treated with a DMT appropriate for their personal circumstances

2. Lack of awareness of the different types or new DMTs amongst health care professionals
(leading to a reduced number of DMT options or the most appropriate DMT not being
recommended)

3. Health professionals with specialist knowledge to treat MS / administer the DMT not readily
available (leading to long wait times or not enough time to provide information to
patients/discuss changes in condition/alternative treatments)

4. Specialized medical equipment or tests to monitor the treatments (e.g. JCV testing) not
readily available

5. Cost of the treatment is too expensive for the government, healthcare provider or insurance
provider

People with MS do not take the DMTs they are offered (for cost or other reasons)
DMTs only available in some areas of the country or some hospitals
DMTs frequently go out of stock/supply is irregular

DMTs not supplied to the country (i.e. by pharmaceutical companies)

= © ® N o

0.Complete range of DMTs not available in the country
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11.Bureaucracy/inefficiency/complexity in health system (leading to delays in referral between
parts of system)

12.0ther reason (specify

13.Not sure
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PLEASE ANSWER QB21 IF YOU MENTIONED HEALTH PROFESSIONALS NOT READILY
AVAILABLE (@B20 code 3)

QB21. You mentioned that health professionals with specialist knowledge to ensure people with MS
get disease modifying therapies (DMTs) are not readily available in the country. Which of the following
aspects related to this are the major barriers?

Please indicate all major barriers that apply.

Neurologists not readily available

Specialist MS neurologists not readily available

Radiologists/neuro-radiologists not readily available (for treatment monitoring by MRI)
Nurses not readily available

Specialist MS nurses not readily available

Other staff not readily available (please specify

QAR ON =

7. Not sure

PLEASE ANSWER QB22 IF YOU MENTIONED EQUIPMENT OR TESTS NOT READILY
AVAILABLE (@B20 code 4)

QB22. You mentioned that specialist medical equipment to ensure people with MS have access to
disease modifying therapies (DMTSs) is not readily available in the country. Which of the following
aspects related to this are the major barriers?

Please indicate all major barriers that apply.
[ ] MRI machines not readily available

Infusion centres not readily available

JCV (John Cunningham virus) testing not readily available

Other medical equipment or tests not readily available (please specify

PON~

5. Not sure

PLEASE ANSWER QB23 IF YOU MENTIONED PEOPLE DO NOT TAKE DMT’s OFFERED (aB20
code 6)

QB23. You mentioned that some people with MS do not take the disease modifying therapies (DMTSs)
they are offered in the country. Which of the following aspects related to this are the major barriers?

Please indicate all major barriers that apply.

1. Cost of DMTs is too high for the person with MS (e.g. lack of health insurance, or DMTs not
covered/fully covered by health insurance, etc.)

2. Not able to travel to access the DMTs (e.g. live too far away, cannot afford transport costs,
not physically able to travel etc.)

3. Concern about the side effects of DMTs

4. Concern regarding the efficacy of DMTs (e.g. don'’t feel the drugs give enough of an
improvement etc)

5. Choose to take alternative or traditional medicines instead of DMTs

6. Prefer to use diet/other lifestyle choices such as exercise to manage their MS instead of
taking DMTs

7. Other reasons for people choosing not to take the DMTs (specify

8. Not sure
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EVERYONE ANSWERS HERE

Source - Barriers to DMTs

QB24.Please include the types of source(s) you consulted to provide this information regarding the
barriers for DMTs.

If you have estimated this information or it is based on your opinion — please mention this under the
“Your personal opinion” code and indicate any assumptions or data you used.

Please indicate all sources used.

1. Published academic paper or a poster/platform presentation at a scientific conference

2. Patient data (patient register, government or health service report/statistics, electronic
medical records, insurance claims data, patient survey)
3. My personal opinion

4. Opinion of others

5. Other (please specify:

Please specify any assumptions or data you have taken into account when providing opinions. Please
also provide further details or links to any public academic papers or patient data that you have
consulted.

QB25. Do people who are taking DMTs experience any issues with continuing their treatment?
Please indicate all that apply.

| | 1. Yes — because the supply of the DMT in the country is irregular

| | 2. Yes - because people have to have tests to prove they are still eligible for treatment

| | 3. Yes - because reimbursement for the DMT has to be renewed at regular intervals

| | 4. Yes — because people are only allowed DMTs for a limited amount of time (e.g. 2 years)
5. Yes — for a different reason (please specify:

|| )

| | 6. No-—there are no issues with continuation of treatment

| | 7. Notsure

QB26. Are there any issues around the quality of DMTs in the country?

1. Yes (please specify what these issues are:
)

2. No

3. Not sure

QB27. Please provide your best estimate of the proportion of people with MS in the country who have
to pay any part of the cost of their disease modifying therapies (DMTs) themselves?

0 percent
1-25 percent
26-50 percent
51-75 percent
76-99 percent

arON~
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6. 100 percent
7. Not sure
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Source - Percent paying for DMT

QB28.Please include the types of source(s) you consulted to provide this information regarding
paying for DMTs.

If you have estimated this information or it is based on your opinion — please mention this under the
“Your personal opinion” code and indicate any assumptions or data you used.

Please indicate all sources used.

1. Published academic paper or a poster/platform presentation at a scientific conference

2. Patient data (patient register, government or health service report/statistics, electronic
medical records, insurance claims data, patient survey)
3. My personal opinion

4. Opinion of others

5. Other (please specify:

Please specify any assumptions or data you have taken into account when providing opinions. Please
also provide further details or links to any public academic papers or patient data that you have
consulted.

PLEASE ANSWER QB29 IF PEOPLE HAVE TO PAY ANY PART OF THEIR DMT COST (aB27 cods 2-
6)

QB29. Thinking about disease modifying therapies (DMTs) that people pay any or part of the cost for,
what is the estimated average proportion of the cost that they pay themselves?

1-25 percent
26-50 percent
51-75 percent
76-99 percent
100 percent
Not sure

Ok LN =

PLEASE ANSWER QB30 IF PEOPLE HAVE TO PAY ANY PART OF THEIR DMT COST (aB27 cods 2-
6)

Source - Percent of cost that people have to pay

QB30.Please include the types of source(s) you consulted to provide this information regarding the
proportion of the cost of DMTs that people pay themselves.

If you have estimated this information or it is based on your opinion — please mention this under the
“Your personal opinion” code and indicate any assumptions or data you used.

Please indicate all sources used.

1. Published academic paper or a poster/platform presentation at a scientific conference

2. Patient data (patient register, government or health service report/statistics, electronic
medical records, insurance claims data, patient survey)
3. My personal opinion

4. Opinion of others

5. Other (please specify:
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Please specify any assumptions or data you have taken into account when providing opinions. Please
also provide further details or links to any public academic papers or patient data that you have
consulted.

PLEASE ANSWER QB31 IF PEOPLE HAVE TO PAY ANY PART OF THEIR DMT COST (aB27 cods 2-
6)

QB31. You mentioned that some people have to pay some or all of the costs themselves for disease
modifying therapies (DMTs), what are the major reasons for this? Please indicate all major reasons
that apply.

1. They don’t have health insurance

2. They do have health insurance but DMTs are not covered

3. They do have health insurance but the specific DMT recommended/they want is not
included on the approved list of therapies or they don’t meet the eligibility criteria to cover
the payment of DMT (i.e. dependent on the EDSS score)

4. Government/healthcare provider or insurance provider requires a co-payment or will only
pay part of the cost of the DMT

5. Other reasons (please specify

6. Not sure

EVERYONE ANSWERS HERE
QB32. Is Hematopoietic stem cell transplantation (HSCT) available for people with MS in the country?
Please indicate all that apply.

Yes - as part of a clinical trial

Yes - by paying for it themselves

Yes - paid for by the government / healthcare provider / insurance provider
Yes - by some other way (please

specify: )
No - HSCT not available for people with MS

Not sure

PoONd~

2

Rehabilitation
The next few questions are about rehabilitation and palliative care for people with MS.

QB33. Please indicate which symptoms people with MS are typically able to access rehabilitation or
other types of therapy (e.g. medication) for when they need them?

Please indicate all that apply.

1. Fatigue

2. Heat sensitivity
3. Difficulty walking

4. Stiffness and spasms

5. Bladder problems

6. Memory and other cognitive problems
7. Pain and other unpleasant sensations
8. Emotional and mood problems

9. Vision problems

10.Dizziness or vertigo
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11.Bowel problems

12.Tremors

13.Sexual problems
14.Difficulty moving arms/hands
15.Swallowing problems
16.Speech problems
17.Seizures

18.0ther (please specify

19.Not sure which rehabilitation therapies are available to people with MS
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QB34. In your opinion, are rehabilitation therapies available quickly enough for all people with MS who
need them in the country?

1. Yes
2. No
3. Not sure

QB35. In your opinion, do people with MS who need rehabilitation therapies ever experience rationing
or restrictions on the number of the treatments or therapies which prevents them getting access (e.g.
only have access to a restricted number of treatment sessions irrespective of their need)?

1. Yes
2. No
3. Not sure

PLEASE ANSWER QB36 IF REHABILITATION THERAPIES ARE NOT AVALABLE QUICKLY
ENOUGH (aB34 No) OR IF THEY ARE RATIONED/RESTRICTED (aB35 YES)

QB36. Please indicate the major reasons why people with MS might not be able to access all the
rehabilitation therapies they need.

Please indicate all major barriers that apply.

1. Lack of awareness of the different types of rehabilitation therapies available amongst health
care professionals (leading to a reduced number of therapy options offered or the most
appropriate not being recommended)

2. Health professionals with specialist knowledge to provide the rehabilitation therapies not
readily available (leading to long delays/limited places available/ reduced number of therapy
options or sessions offered)

3. Specialist equipment used in rehabilitation therapies is not readily available

4. Cost of the rehabilitation therapies too expensive for the government, health provider or
insurance provider

5. Cost of the rehabilitation therapies too expensive for people with MS (e.g. don’t have health
insurance or not covered by health insurance)

6. People with MS do not take the rehabilitation therapies offered (for reasons other than cost)
— (please specify:

)

7. Rehabilitation therapies are not available in all parts of the country

. Rehabilitation therapies are not available consistently over time

. Bureaucracy/inefficiency/complexity in health system (leading to delays in referral between
parts of system)

10.Other (specify

| 8
9

11.Not sure

Palliative Care

EVERYONE ANWERS HERE
QB37. Does palliative care for people with MS exist in the country?

The goal of palliative care in MS is to achieve the best quality of life for the person with MS and their
families once their symptoms no longer respond effectively to treatment or management. It includes
management of pain and other symptoms, and of psychological, social and spiritual problems.

1. Yes — general palliative care

2. Yes — specialist palliative care for MS
3. No

4. Not sure
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Please specify any other comments to do with palliative care you wish to share below:

Health Care Professionals, Guidelines, Types of data collected

The next section is about the number of health care professionals in the country, the
availability of national guidelines relating to MS, the type of data collected to monitor the
diagnosis/treatment of MS and the use of Telemedicine.

QB38. Please indicate below the estimated number of people in each profession in the country.

If you can’t provide absolute numbers but you have the data as ratios (i.e. 1.3 neurologist per 100,000
people), please provide the data in this format instead

Number of Neurologists:

Number of Neurologists with a special interest in MS

A ‘special interest in Multiple Sclerosis’ means a neurologist who has more experience in
diagnosing/treating MS. There is no standard definition but they may work in specialist MS Centres or
Clinics; they make focus only on MS and no other neurological conditions; they may have undertaken
additional training relevant to MS; they may be conducting research into MS alongside their clinical
work.

Number of Pediatric specialist Neurologists

Number of Nurses with a special interest in MS (MS Nurses)

A nurse with a ‘special interest in Multiple Sclerosis’ means a nurse who has more experience in the
care or treatment of people with MS. There is no standard definition but they may work in specialist
MS Centres or Clinics; they make focus only on MS and no other neurological conditions; they may
have undertaken additional training relevant to MS. They may be involved in conducting research into
MS.

Number of Neurology nurses
A Neurology Nurse is a licensed/registered nurse whose professional interests and activities are
related exclusively / specifically to the care of people with neurological disorders

Number of Radiologists

Number of Neuro-radiologists
A Neuro-radiologist focuses on the diagnosis and characterization of abnormalities of the central and
peripheral nervous system, spine, and head and neck using neuroimaging techniques.
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Source - Number of health care professionals

QB39.Please include the types of source(s) you consulted to provide this information regarding the
number of health professionals in the country.

If you have estimated this information or it is based on your opinion — please mention this under the
“Your personal opinion” code and indicate any assumptions or data you used.

Please indicate all sources used.
1. Published academic paper or a poster/platform presentation at a scientific conference

2. Patient data (patient register, government or health service report/statistics, electronic
medical records, insurance claims data, patient survey)
3. My personal opinion

4. Opinion of others

5. Other (please specify:

Please specify any assumptions or data you have taken into account when providing opinions. Please
also provide further details or links to any public academic papers or patient data that you have
consulted.

QB40. Does the country have any national health plan(s) or guidelines that cover aspects of
diagnosis, treatment or living with MS? Please indicate all that apply.
1. Yes — diagnosis
2. Yes — treatment
3. Yes — something else (please
specify: )
4. No
5. Not sure

Please provide a link to any documents or guidelines.

QB41. Are there any national standards or targets set relating to the diagnosis, treatment or
monitoring of MS patients in the country?

1. Yes
2. No

PLEASE ANSWER QB42 IF HAVE NATIONAL STANDARDS OR TARGETS (aB41 YES)

QB42. What aspects of the diagnosis, treatment or monitoring of MS patients in the country have
targets or standards (e.g.: receiving DMTs within a specific time period, or having a clinical review at
least once a year)

Please indicate that apply.

Speed of diagnosis
Speed of receiving DMT treatment
Frequency of receiving MRI scans

Frequency of receiving a clinical review (checking they are on the right DMT, the status of
their disease course, whether there has been any new disease activity etc.)

5. Wait times to see professionals/or have relevant tests/procedures/scans

o bh =~
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6. Other metrics to do with the diagnosis, treatment or monitoring of MS
(please specify: )

Please provide details on the standards/targets set below (including timeframes)

QB43. The MS Brain Health initiative has produced evidence-based international consensus
standards (Brain health: time matters in multiple sclerosis) which recommend a strategy to maximize
lifelong ‘brain health’ and include targets on timelines for diagnosis, treatment and review. Are you
familiar with these standards?

1. Yes
2. No

PLEASE ANSWER QB44 IF AWARE OF THE BRAIN HEALTH REPORT (aB43 Yes)
QB44. Has a regulatory authority or nationally recognized group in the country endorsed the standards
set by this MS brain health initiative to be followed in the country?

Yes — following the consensus standards completely
Yes — following the consensus standards but modified the timelines
Yes — following some of consensus standards but not all of them
No — but we have plans to develop standards based on the MS Brain Health initiative
No — we do not have national standards
No — we recognize different standards
(specify:
)

ook wd -~

7. Not sure

EVERYONE ANSWERS HERE:
QB45. In the country which of the following data, if any, are captured or collected (either by the
government, the health system, insurance company or other scientific studies)?

Please indicate all that apply.

1. Speed of diagnosis (time taken from first reporting a possible MS symptom to a health care
professional to receiving a diagnosis, or the proportion of people who receive a diagnosis
within a certain time period)

2. Speed of receiving DMT treatment (time taken from receiving an MS diagnosis to receiving
DMT treatment, or the proportion of people who start DMT treatment within a certain time
period)

3. Proportion of people with MS currently being treated with DMTs

4. Frequency of receiving MRI scans

5. Frequency of clinical review by a health professional (checking someone is on the right
DMT, the status of their disease course, whether there has been any new disease activity
etc.)

6. Wait times experienced by people with MS (to see health care professionals or to receive
tests/procedures/scans for diagnosis, treatment or monitoring)

7. Proportion of people who have MS but are not officially diagnosed

8. Other metrics to do with the diagnosis, treatment or monitoring of MS
(please specify:

9. None - there is no data captured in relation to the diagnosis, treatment or monitoring of MS
in the country

Please provide details on the type of data collected (and include any relevant links)
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QB46. In the country, has an organization or group adopted a recognized model for multi-disciplinary
coordinated care for the treatment of MS?

1. Yes (please provide link to the definition here:

2. No
3. Not sure
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QB47. Does the country use Telemedicine in the diagnosis, treatment or monitoring of MS?

Telemedicine is defined as the use of technology to provide access to clinical care when distance
separates patients and providers. Telemedicine can be used in place of what would otherwise be an in
person visit to provide a diagnosis, consultation, or treatment using interactive audio, video or other
electronic media.

1. Yes —and is an accepted part of clinical practice

2. Yes — but only used for one off cases/experimental settings/trials
3. No

4. Not sure

Please provide further comments about the use of Telemedicine in the country and links to any
examples or case-studies

Source - Telemedicine
QB48.Please include the types of source(s) you consulted to provide this information on the use of
Telemedicine.

If you have estimated this information or it is based on your opinion — please mention this under the
“Your personal opinion” code and indicate any assumptions or data you used.

Please indicate all sources used.

1. Published academic paper or a poster/platform presentation at a scientific conference

2. Patient data (patient register, government or health service report/statistics, electronic
medical records, insurance claims data, patient survey)
3. My personal opinion

4. Opinion of others

5. Other (please specify:

Please specify any assumptions or data you have taken into account when providing opinions. Please
also provide further details or links to any public academic papers or patient data that you have
consulted.

QB49. Do you have any additional comments concerning the diagnosis or clinical management of MS
in the country?

QB50. Please provide any additional information here to help explain any changes to the clinical
management or diagnosis of MS in the country since the last Atlas of MS update in 2013 (e.g.:
changed criteria used to diagnose MS, National health insurance now covers DMTs etc.)
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Collaborators and Acknowledgments

QB51. Please indicate whom else you have consulted or collaborated with in order to provide the
answers to these questions to ensure a comprehensive picture of the clinical management of MS in
the country.

Please indicate all that apply

—_

. Other clinicians based in the country or with experience of working in the country
2. Other experts in the country (please specify what type of role/expertise they have:

)

3. Didn’t consult anyone else — no other experts with knowledge of the clinical management of
MS in the country
4. Didn’t consult anyone else — you lacked time to consult any other clinicians or experts in the

L country
5. Didn’t consult anyone else — you tried to approach other experts but they lacked time to take
L part
6. Other (please
specify )

QB52 Would you like your name to appear in the list of contributors to the Atlas of MS update?

We will not make public any personal information without your permission, and the information
displayed will be limited to your name and country.

1. Yes (Please specify below)
2. NO (Please skip to QB53)

Please specify how you would like your name to appear in the list of contributors, including any titles.

QB53.Is there anyone else who you have collaborated with to complete this survey who would like to
appear in the list of named contributors to the Atlas of MS update and have agreed for their name to
be passed to MSIF and McKing?

Please ensure that you have consent to provide us with their name and for us to publish this in our
report (the information displayed will be limited to their name and country).

1. Yes (Please specify details below)
2. NoO (Please skip to QB54)

Please specify the contact name (including any titles) and email address for each collaborator below.

Please ensure that you have consent to provide us with their name and for us to publish this in our
report (the information displayed will be limited to their name and country).

Name (including any titles) Email address

2@ (@ N|o|a|p Wi =
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Thank You
Thank you very much for completing this survey — we are very grateful for your help.

You can find out more about MSIF’s work by signing up to our newsletters: https://www.msif.org/get-involved/our-
newsletters/
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Appendix 2. Study 2 Questionnaire

Part I: Demographics

1- Gender

O Male
OO0 Female

2- Agein years:

3- Place of residence
[0 Beirut

Bekaa

Mount Lebanon

North Lebanon

O o0oogao

South Lebanon

4- Highest degree of education
Up to elementary school
High school and high secondary

University education

(I I R I I

None of the above

5- Marital status
[0 Single

[0 Married

[0 Divorced

[0 Widowed

6- Occupation

[0 Employed, if yes type of employment:
[0 Unemployed

[0 Retired
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7- Monthly income in USD (average):

ooooog o

Less than 600

1600-2,499
2,500-3,999
4,000-6,999
7,000-12,999
> 13,000

No answer

8- Family history:

O
O

Yes
No

9- Where do you get your treatment?

O
O
O

At the family doctor clinic
At a general neurology clinic

At a specialized MS center

10- Do you get your treatment at your place of residence?

O
O

Yes

No, if no specify where:

11- Type of insurance?

O

O

O

12.

O

13.

Governmental Insurance
Private Insurance

None (self-payers)

What is the disease type?

Relapsing-Remitting

Progressive MS

What is the duration of your disease (years)?
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14. Do you have physical disability?
O Yes
0 No

15. Do You have any other comorbidities? If Yes, Specify

Part II: MUSIQOL.: Multiple Sclerosis International QOL Questionnaire

You are invited to complete this questionnaire concerning different aspects of your life with
MS. It is anticipated that this will help towards a better understanding of the real impact of
your health problems.

Please answer the questions by ticking (1) or checking (XI) the box that describes best your
feelings during the last 4 weeks. Some questions relate to your private life; these are
necessary to evaluate all aspects of your health. However, if you think that a question is not

relevant to you, or if you do not want to answer a question, please move on to the next one.

Pr. Pascal Auquier, Dr Karine Baumstarck
Aix Marseille Université, France. Email : pascal.auquier@univ-amu.fr,
karine.baumstarck@univ-amu.fr
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Due to your MS, during the past 4 weeks, have you...

IX.5.1. For each question, check the Never Rarely Someti Often Always
response that is closest to your feelings Notat Alittle mes A lot Very
all Somew much
hat
1 had difficulty walking or moving outside? O
2 had difficulty with outdoor activities: i.e. 0O
shopping, going out to a movie...?
3 had difficulty walking or moving around at O O 0O O 0O
home?
4 been troubled by your balance or walking . O 0O . 0O
problems?
5 had difficulty with leisure activities at home: O O 0O O 0O
i.e. do-it-yourself, gardening...?
6 had difficulty with your occupational activities: . O 0O . 0O
i.e. integration, interruption, limitation...?
7 been quickly tired? . O 0O . 0O
8 been short of energy? . O 0O . 0O
9 felt anxious? . O 0O . 0O
1 felt depressed or gloomy? O O O O O
1 felt like crying? . O 0O . 0O
1 felt nervous or irritated by a few things or . O 0O . 0O
situations?
Due to your MS, during the past 4 weeks, have
you...
IX.5.1. For each question, check the response  Never Rarely Someti Often Always
that is closest to your feelings Not at Alittle mes A lot Very
all Somew much
hat
1 been troubled by loss of memory? 0 0 O 0 0O
1 had difficulty concentrating: i.e. when reading, . . 0O . 0O
watching a film, following a discussion...?
1 been troubled by your vision: worsened or . . 0O . 0O
5 unpleasant?
1 experienced unpleasant feelings: i.e. hot, . . 0O . 0O
cold...?
1 talked with your friends? . . 0O . 0O
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1 felt understood by your friends? O O O O O

1 felt encouraged by your friends? O O O O O

2 talked with your spouse/partner or your family? . . 0O . 0O

2 felt understood by your spouse/partner or your . . 0O . 0O
family?

2 felt gncouraged by your spouse/partner or your O . 0O . 0O
family?

Due to your MS, during the past 4 weeks, have
you...

IX.5.1. For each question, check the response Never Rarely Someti Often Always

that is closest to your feelings Notat A little mes A lot Very
all Somew much
hat

2 felt satisfied with your love life? O O O O O
2 felt satisfied with your sex life? O O O O O
2 felt that your situation is unfair? O O O O O
2 felt bitter? O O O O O
2 been upset by the stares of other people? O O O O O
2 been embarrassed when in public? O O O O O
o been satisfied with the information on your O O O O O
9 disease or the treatment given by the doctors,

nurses, psychologists... taking care of your

MS?
3 felt undergtood by the doctors, nurses, O O O O O

psychologists... taking care of your MS?
3 been satisfied with your treatments? O O O O O
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Part III: Accessibility and Barriers to treatment Questions

32 - Do you have continuous access to your MS medication nowadays (among the economic
crisis)?

O Yes
O No

33 - If No, how do you manage to access your MS medication?

[0 Buying it from outside the country

L1 Shifting to other available MS therapies

[0 Skipping doses

[0 Discontinuing treatment and staying off-medications

34- If No, please indicate the major reasons why?

[0 Health professionals with specialist knowledge to treat MS / administer the DMT not
readily available (leading to long wait times or not enough time to provide information
to patients/discuss changes in condition/alternative treatments)

Specialized medical equipment or tests to monitor the treatments not readily available

O

Cost of DMTs is too high for the person with MS (e.g. lack of health insurance, or
DMTs not covered/fully covered by health insurance, etc.)

Not able to travel to access the DMTs (e.g. live too far away, cannot afford transport
costs, not physically able to travel etc.)

Concern about the side effects of DMTs

Concern regarding the efficacy of DMTs (e.g. don’t feel the drugs give enough of an
improvement etc)

Choose to take alternative or traditional medicines instead of DMTs

Prefer to use diet/other lifestyle choices such as exercise to manage their MS instead of
taking DMTs
Other reason (specity)

O 0o oo o o
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Appendix 3. IRB Approval for the MENACTRIMS Registry

.I‘| UNIVERSITY Instirurit’mal.l[le\:“i.ew Board
7 ofBEIRUT CBAY)

APPROVAL OF RESEARCH
CONTINUING REVIEW

October 2, 2023

Sama Khoury, MD
American University of Beirut Medical Center
Email Address: sk88(@aub.edu.lb

Dear Dr. Khoury,
On October 2, 2023, the IRB reviewed the following protocol:
Type of Review: Continuing, Expedited
Project Title: Multiple Sclerosis Patient Registry
Investigator: Dr. Samia Khoury
IRBID MBY .10
Documents reviewed: Received on August 2, 2023:
®  The continuing review form.

The IRB reviewed the Continuing Review and granted you approval to the study; from October 2,
2023 to October 11, 2024 inclusive.

Before August 11, 2024 or within 30 days of study close, whichever is earlier, you are to submit a
completed “FORM: Continuing Review Progress Report” and required attachments to request
continuing approval or study closure.

If contimung review approval 1s not granted before the expiration date of October 12, 2024, approval
of this research expires on that date.

This 15 to acknowledge the removal of Ali Ezzeddine from the team of the study.

Kindly note that flus approval does not grant permuission for contacting patients who were enrolled m
previous studies, unless it is specified mn the signed consent form or if the principal investigator or
research team member has a primary patient-physician relationship. In all other circumstances, the IRB
needs to grant approval for alternative mechamsms.

HRPP/IRB Compliance and Auditing office will be auditing all clinical trials, and randomly selected
other studies, on a quarterly basis to comply with the updated JCT standards regarding the Human
Research Protection for accreditation as an Academic Medical Center.

The American University of Beirut and its Institutional Review Board, under the Institution’s Federal
Wide Assurance with OHRF, comply with the Department of Health and Human Services

(DHHS) Code of Federal Regulations for the Protection of Human Subjects ("The Common Rule")
45CFR40, subparts A, B, C, and D, with 21 CFR56; and operate in a manner consistent with the Belmont
reporf, FDA guidance, Good Clinical Practices under the ICH guidelines, and applicable
national/local regulations.

Sincerely,

Dakik, MSe, CIM
Biomedical IRB Administrator

Cc:  Rami Mahfouz, MD, MPH

Professor of Pathology and Laboratory Medicine
American University of Beirut
PO Box 11-0236, Riad El Solh, Beirut
1107 2020, Lebanon
T +961 135 00 00 — Ext 5445
irh@aub.edu.lb
www.aub.edu Ib/irb

Page 1 of2 Template Revision: October 2,

2023

Institutional Review Board

SAENAY) Al
Chairperson of the IRB
Ali K. Abu-Alfa, MD, FASN, FASH
Professor of Medicine
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Appendix 4. Publication : Barriers to accessing multiple sclerosis disease-modifying

therapies in the Middle East and North Africa region: A regional survey-based study
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ARTICLE INFO

ABSTRACT

Keywords: Background: Multiple sclerosis (MS) management varies markedly between different countries of the Middle East
Barricrs and North Africa (MENA) region based on the availability and accessibility of disease-modifying therapies
Access

(DMTs).
TMk:lﬂ"mm::l R Objective: To evaluate the accessibility to DMTs in each MENA country, identify barriers to treatment and make
Di“::_:m.r e theragics recommendations for improved access to DMTs across the region.
MENA 3 Methods: This is a descriptive, survey-based study whereby we extracted data collected, between October 2019

and April 2020, for countries in the MENA region by the Multiple Sclerosis International Federation (MSIF)
through their Atlas of MS survey.

Resulfs: 16 out of 19 countries in the MENA region were included in this study. Sudan and Syria did not have any
originator DMTs approved. Interferons were the most widely low-efficacy originator approved DMTs. Three
countries did not have any high efficacy DMTs app d. Moreaver, foll DMTs were approved in half
(5096) of the countries. Cost of treatment was the most important barrier, reported in nearly half (47%) of the
MENA countries.

Conclusion: Although most MENA countries have access to DMTs, more than half of countries report problems
with treatment continuation, highlighting the need for a targeted regional strategy to address the variations in

access to MS treatments.

1. Introduction

The Middle East and North Africa region (MENA) is a diverse and
large region encompassing more than 20 countries in North Africa and
the Middle East. There has been a worldwide increase in the incidence
and prevalence of muldple sclerosis (MS) over the past decades,
including the MENA region. The estimared global number of people with
MS (PwMS) increased by 21.7% berween 2013 and 2020 according to
the latest Atlas of MS published by the Multiple Sclerosis International

Federation (MSIF) (Multiple Sclerosis Intermnational Federadon 2023).
The Atlas of MS recorded an increase in the prevalence of MS in
Middle-Eastern countries from 24 per 100,000 to 33 per 100,000 be-
tween 2013 and 2020. Moreover, epidemiological studies (Heydarpour
etal., 2015, Yamout et al., 2020) from the MENA region showed a rising
MS prevalence during the first two decades of the 21% Gentury, with
studies from Lebanon (Zeineddine et al., 2021), United Arab Emirates
(UAE) (Inshasi and Tharke, 2011, Schiess et al., 2016), Qatar (Deleu
et al., 2012) and Bahrain (Alsharogi et al., 2014) showing rates in the
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Neurology i Harley Street Medical Center, Abu Dhabi, UAE, PhD

Candidate, University Limoges, CHU Limoges, EpiMaCT - Epidemiology of Chronic Diseases in Tropical Zone, Institute of Epidemiology and Tropical Neurology,
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range of 55-65/100,000. Even higher prevalence rates were reported
from Kuwait (Alroughani et al.,, 2019) and Iran (Mirmosayyeb et al.,
2022, Eskandarieh et al., 2020) ranging between 104 and 151./100,000.

Despite shifting of the MENA region from a low to moderately-high
prevalence zone for MS and publication of the Middle East and North
Africa Committee for the Treamment and Research in MS (MENAC-
TRIMS) consensus recommendations for diagnosis and treatment
(Yamour er al., 2020), management of the disease still varies markedly
berween countries based on DMTs availability, accessibility, and reim-
bursement. In general, introduction of novel DMTs in most MENA
countries is usually delayed, as drug approval can take several months to
years once approved for use by the US Food and Drug Administration
(FDA) or European Medicines Agency (EMA), depending on the country.

To our knowledge, there are no published studies assessing the
accessibility to disease-modifying therapies (DMTs) across different
countries of the MENA region. In order to gain better understanding of
mearment accessibiliry and explore potential common areas of need in
the MENA region, we carried out an in-depth analysis of the Arab region
Atlas of MS data, focusing on accessibility to originator, follow-on and
off-label DMTs in each country and identified barriers to MS treatment.

2. Methods

In April 2021, MSIF published the third Atlas of MS (Multiple Scle-
rosis Internarional Federation 2023) with the aim of providing
open-source, global information on MS epidemiology and mar 1t
with particular emphasis on barriers to healthcare and DMTs accessi-
bility. Data covering the following topics was collected via an interna-
donal survey (Appendix A) completed by experts from different countries
around the world between October 2019 and April 2020: diagnostic
criteria used, barriers to diagnosis, types of DMTs used and barriers to
accessing them, symptomatic therapies, rehabilitation, number of health
care professionals in the counmy, natonal guidelines and standards for
MS diagnosis and treamment. English, Spanish, and French versions of
the survey were available to encourage greater response rates and
collaboration with all national experts. The survey was piloted prior to
launch to test clarity, understanding and ease of completion. All MS
experts provided consent to participate in the survey. As no patient data
was included, no ethical approval was required.

Country coordinators, typically representatives from MS organiza-
tions, neurologists, epidemiologists or researchers with expertise in M3,
were identified in each country and asked to complete the survey by
making use of all possible sources of information available to them
including publications, presentations, registries, government/health
system statistics, administrative data sets, electronic medical records,
and through collaboration with other experts in the counoy where
possible and/or necessary (expert ). Survey resp covered
85%-91% of the population in each World Health Organization (WHO)
region (Europe (89%), Americas (89%), South East Asia (90%), Eastern
Mediterranean (91%), Western Pacific (85%), except for Africa with
only 42% of the pepulation represented (Multiple Sclerosis [nternarional
Federation 2023). A glessary of terms (Appendix B) was provided within
the survey, to improve uniformity and comparability of the information
received.

This is a descriptive, survey-based study in which we extracted data
from the Atlas of MS relevant to countries in the MENA region. Only
answers for questions 11 to 32 in the full survey, which related to DMTs
and barriers to accessibility, were entered into an Excel Spreadsheet and
analyzed using frequencies.

We assessed the local regulatory approval of originators versus
follow-on DMTs in each MENA counay. Originator DMT was defined as
the product thar was first authorized worldwide for marketing (typically
patented) on the basis of documentation of its efficacy, safety, and
quality according to requirements at the time of authorization (Morant
et al, 20719). Follow-on DMT was defined as a medication similar to a
pre-existing DMT - but with some minor modifications, creating slight
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changes in drug action or adverse effects - used to treat the same con-
didon which is MS in this case (Moss and Cohen, 2012). We also
investigated the use of on-label versus off-label DMTs across the region.
On-label DMT is a drug used for a condition for which it has been offi-
cially approved. Off-label use is the use of drugs for an unapproved
indication. Interferons beta 1a and 1b, glatiramer acetate, teri-
flunomide, dimethyl fumarate, fingolimod, siponimod, cladribine,
natalizumab, ocrelizumab alemtuzumab and mitoxantrone are US FDA
and EMA approved for the meamment of MS (US Food and Drug
Administration 2023, European Medicines Agency 2023). Conversely,
rituximab, azathioprine, cycloph , fumaderm,
leflunomide, methotrexate, and minocycline are used off-label (Na-
tional Multiple Sclerosis Society 2023). For the purpose of this analysis,
DMTs were divided into three categories based on their presumed effi-
cacy: low, moderate or high efficacy. This was based on either head to
head trials (Hauser et al., 2020, Cohen et al., 2012, Hauser et al., 2017,
Svenningsson et al,, 2022} or real world evidence based on propensity
score matching comparisons (Grangvist et al., 2018, Kalincik et al.,
2015, Kalincik er al., 2017). The different barriers to meatment reported
were stratified by Gross National Income (GNI) per capita. GNI is
defined and reported by the World Bank and allows classification of
countries into high, upper middle, lower middle, and low income. In the
MENA region, Kuwait, Oman, Qatar, Bahrain, Saudi Arabia, and UAE
are considered high-income countries. Iraq, Lebanon and Libya are
upper-middle income. Algeria, Egypt, Morocco, Palestine, and Tunisia
are lower-middle income and Sudan, Syria, and Yemen are low-income
countries (The World Bank, 2023).

3. Results

3.1. Participating countries

16 countries in the MENA region that contributed data to the Atlas of
MS were included in this study: Algeria, Egypt, Iraq, Lebanon, Libya,
Morocco, Palestine, Sudan, Syria, Tunisia, Yemen, Kuwait, Oman, Qatar,
Saudi Arabia, and UAE. Although very limited data was provided by
Yemen, such data were included where available. The Gulf countries in
this study refer to Kuwait, Oman, Qatar, Saudi Arabia, and UAE.

3.2. Regularory approval of DMTs in the MENA region

Two countries did not have any originator DMTs approved (Sudan
and Syria). Among low efficacy originator DMTs, interferons were the
most widely approved DMTs (14/16 or 88% of countries) followed by
glatiramer acetate (50%) and pegylated interferon (25%) (Fig. 1). As for
the moderate-efficacy DMTs, fingolimod was approved in 12 out of 16
countries (75%) followed by dimethyl-fumarate and cladribine, each
approved in 8/16 countries (50%). Siponimod was only approved in
Kuwait at the time of this analysis. Three countries (19%) did not have
any high efficacy DMTs (natalizumab, ocrelizumab and alemtuzumab)
approved. Natalizumab and ocrelizumab were approved in 12/16 (75%)
and 10/16 (63%) of countries, respectively and alemtuzumab in 6/16
(38%)

On the other hand, follow-on DMTs (generic or copy) were approved
in half (50%) of the MENA countries (Fig. 2). Follow-on fingolimod
received approval in 5 countmries (36%): Libya, Syria, Tunisia, Saudi
Arabia and United Arab Emirates. Follow-on dimethyl fumarate and
intramuscular interferon beta 1a were each approved in 3 countries
(21%). Follow-on glatiramer acetate was only approved in Tunisia and
follow-on interferon beta 1b and teriflunomide were both approved in

Syria.
3.3. Use of on- and off-label DMTs in the MENA region

Thirteen countries in the MENA region reported the use of off-label
DMTs (Fig. 3), including: ricuximab, azathioprine, cyclophosphamide,
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fludarabine, fumaderm, leflunomide, methotrexate, and minocycline.

Sudan reported lack of access to any approved DMT, but did report
access to off-label DMTs; however, no high efficacy DMTs, either on- or
off-label, were available. Sudan is the only country in the MENA region
lacking access to any high efficacy DMT.

In Syria, none of the on-label high efficacy DMTs were available, but
Teport access to rituximab, an off-label high efficacy DMT widely used in
M3 worldwide. Overall, rituximab was used in 11/15 (73%) countries.

The most commonly used on-label DMTs in the MENA region
countries were natalizumab (87%) as high efficacy DMT, fingolimed
{87%) as moderate efficacy DMT and interferons (beta 1a and 1b, 93%
and 87% respectively) as low efficacy DMTs. Among off-label DMTs,
azathioprine (low efficacy) and rituximab (high efficacy) were the two
most widely used (73% of both) (Fig. 3).

3.4. Barriers to treatment

The major barriers for PwMS to access DMTs sorted by country and
GNI per capita are shown in Fig. 4. Overall, 9 countries (56%) reported
some barriers to treatment access.

Maya Zeineddine | Ph.D. Thesis | University of Limoges | 2024
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Cost of treatment, which refers to cost for governments, healthcare
providers, or insurance providers, was the most important barrier, re-
ported by nearly half (47%) of the countries.

Access to specialized medical or tests to itor treat-
ment were readily available in all Gulf countries, but 40% (6/16) of
MENA countries reported lack of specialized medical equipment and
ests.

Around a third of the countries (5/16) reported poor adherence to
prescribed DMTs, primarily due to high our of pocker cost, inability to
travel, or fear of adverse effects.

Other reasons for non-accessibility to DMTs included: availability of
DMTs only in some areas of the country or in few hespitals (4/16), non-
availability of the complete range of DMTs (4/16), lack of neurologists
specialized in MS (4/16), and lack of awareness among health care
professionals regarding the safety, efficacy and administration of DMTs
(3/16).

Based on the reports given, the number of barriers to treatment ac-
cess appears to be linked with GNI per capita. High income countries
(Gulf countries) report the fewest barriers, while low income countries
report the highest number of barriers.
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3.5. Cost of DMTs of these countries (Morocco, Sudan, Qarar and Palestine), over half of

them have to contribute towards the cost of DMTs, while in the

The most commeoenly reported barrier to mweatment access in the remaining 6 countries the proportion is < 25%. In most MENA countries

MENA region was treamment cost for governments, healthcare providers however, MS patients who do contribute to DMT payment, typically pay

and insurance providers. On the other hand, in 67% (10/15) of coun- less than 25% of the total cost except for Sudan where it can reach 75%
wies, PwMS are required to pay for a proportion of their treatment. In 4 and Egypt and the UAE where it can go up to 50%.
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There are different reasons why PwMS pay towards the cost of DMTs.
It is either due to lack of health insurance (Morocco, Oman and UAE), or
lack of coverage of DMTs by their health insurance (Sudan and UAE). In
other cases, health insurance covers DMTs, but the recommended DMT
is not on the approved list of therapies or they do not meet the eligibility
criteria (Egypt, Morocco, Palestine, and UAE).

3.6. Continuous access to DMTs after reatment inidation

More than half (56%) of the MENA region countries reported issues
with continuing treatment due to irregular supply (9/16), lack of
monitoring tests required to prove continued eligibility for weamment
continuation (3/16), need for regular renewal of reimbursement (2/16)
or time-limited supply of DMTs (1/16) (Fiz. 5). The most commeon
barrier to meamment continuation was irregular supply of DMTs, re-
ported by 56% of countries. Algeria, Sudan, and Yemen require proof of
eligibility to continue treatment. Morocco is the only country reporting a
time-limited supply of DMTs. Lebanon, Tunisia and the Gulf countries
are the only countries with continuous access to MS treaments after
treatment initiation.

4. Discussion
The weatment of MS has evolved exponentially over the last three

decades with the introduction of high efficacy DMTs targeting different
immunological pathways. This is the first study evaluating access to MS

Maya Zeineddine | Ph.D. Thesis | University of Limoges | 2024
License CC BY-NC-ND 4.0

therapies in the region.

This study showed that DMTs, including high-efficacy DMTs, are
used in most MENA countries. However, there were significant dispar-
ires across the region with some countries having access to most DMTs
such as Kuwait, Oman, Saudi Arabia, UAE and Qatar, while for others
such as Tunisia, Algeria, Syria, Iraq and Sudan, the therapeutic options
were limited, especially for high efficacy DMTs. This disparity is likely
due to the considerable disparities in socioeconomic starus across
countries of the MENA region. According to a 2018 study by the World
Inequality Lab (Moshrif, November 2022), the Middle East is the most
unequal region in the world with a regional economic inequality as high
as that measured within some of the most unequal countries, such as
Brazil and South Africa. Other potential factors contributing to this
disparity are political instability and wars in countries like Syria, Sudan,
Palestine, Libya and Yemen. Inequity to accessing DMTs within coun-
tries is also an important factor to consider; ilability and ility
of DMTs can vary greaty depending on which DMTs are covered by a
particular health system scheme or insurance.

Compared to other parts of the world, 88% of MENA countries re-
ported having access to approved originator DMTs which is similar to
Southeast Asia (83%) and Western Pacific (89%) but lower than Europe
(98%) and the United States of America (USA) (94%) according to the
latest Atlas of MS (Muiltiple Sclerosis Intemational Federation 2023).
Follow-on DMTs are also available in half of the MENA countries, which
is slightly lower than the global average of 64% as per global MSIF data
(Multiple Sclerosis International Federation 2023). Follow-on DMTs are
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important, especially in low income countries, due to their lower price
and local production in some cases. In that respect, they might fill an
important gap in reamment access for PwMS.

The high accessibility to DMTs across the MENA region is due to
multiple factors including increased number of specialized MS neurol-
ogists, emergence of multidisciplinary MS Centers which are now
participating in global multicenter clinical trials, the foundation of
MENACTRIMS which created a regional organization that has gradually
become the most significant stimulus for clinical education, research
and awareness about MS among health care professionals and patients"
societies, the publication of regional treatment guidelines (Yamour
et al, 2020), and the esmablishment of the MENACTRIMS regisoy
(Middle East and North Africa Committee for Treatment and Research in
Multiple Sclerosis 2023).

The proportion of countries that reported using off-label DMTs in the
MENA region was similar to the global average (87%). Among off-label
DMTs, prine and rit b were the most commonly used. The
main reasons for the use of off-label DMTs were lack of availability of
similar approved DMTs in countries such as Syria where rituximab was
the only available high-efficacy DMT, or the unaffordability of origi-
nator DMTs. An example highlighting the use of off-label DMTs in the
MENA region is the Lebanese experience in treating refugees (Zei-
neddine and Yamout, 2020). Zeineddine et al. (Zeineddine and Yamout,
2020) reported the use of rituximab and off-label immunosuppressive
medications, such as mycophenolate mofetil, cyclophosphamide,
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azathioprine, and methotrexate, in Syrian and Palestinian refugees who
had no insurance coverage for their chronic medications and could not
afford expensive DMTs. In fact, rituximab was the most cost-effective
therapy for refugees. The use of off-label DMTs was further encour-
aged by the recent publication of the MSIF guidelines for the use of
off-label azathioprine and rituximab for the treatment of MS in
low-resource settings (Multiple Sclerosis Intemnational Federation
2023).

The most important barrier to MS treamment reported in the MENA
region as well as worldwide (Ch et al., 2017, Contentti et al., 2021) was
tr cost to gover healthcare system and insurance pro-
viders, cited by experts in around half of all reporting countries. In
addition, it was not uncommon for PwMS to pay part of the cost of their
DMTs. This was reported in 63% of the MENA countries which is slightly
higher than the global rate of 57%. Although in most MENA countries
contribution to DMT payment was less than 50% of the total cost, this
co-payment could be considerable given the high price of most DMTs,
making reamment unaffordable for many PwMS. In fact, the prices of
DMTs have risen dramarically over the last 15 years, far outpacing
inflation, with a current mean price of more than $86,000 per year to
treat one person (Hartung and Bourdette, 2019). Similar to our findings,
a study from the USA (Simacek er al., 2013) showed that half of the
PwMS reported difficulty accessing DMTs due to high out-of-pocket
costs and approval requirements by insurance. The second most com-
mon barrier to MS wmeamment was access to specialized medical
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equipment or tests to monitor treatment, reported by 40% of MENA
countries, which was higher than the global rate (27%) (Multiple Scle-
rosis International Federation 2023).

Our study showed that the number of barriers to reament appeared
to be linked to the GNI per capita. High income countries (Gulf coun-
ries) reported the fewest, while low income countries reported the most
barriers to access to DMTs. This can be explained by the fact thatMSisa
chronic disease with huge economic burden on healthcare systems and
societies, with direct costs of preseription drugs and indirect produc-
tivity loss being important cost drivers (Naci et al., 2010). A recent study
from Lebanon (Mami et al, 2022) reported an average per-person
annual medical cost of $25,645 with DMTs accounting for the largest
proportion of this cost.

Furthermore, more than half (56%) of the MENA region countries
reported problems with continuous provision of DMTs, which was
higher than the global average of 48% (Multiple Sclerosis International
Federation 2023). The most common barrier to continuous access to
treatment was irregular supply of DMTs, reported by 56% of countries,
which is much higher compared to the global average, where only 27%
of countries reported such issue (Multiple Sclerosiz International
Federation 2023).

There are several limitations to our study which used data collected
via the Atlas of MS international survey. Although the Atlas of MS is one
of the most comprehensive global data sources on clinical management
of Ms, the inidally collected data relied on expert opinions of clinicians
or specialists in each country since few peer-reviewed publications exist
on the availability and access to DMTs in the MENA region. However, we
improved confidence in the data collected by asking county co-
ordinators to collaborate with other local experts when submiting an-
swers to the survey and to report data sources if available. Moreover, for
relevant questions in the survey, counuy coordinators were asked to
indicate the source of their information. Crucially, for the data pr d
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in this article, most countries referenced independent evidence such as
data from academic papers or patient data (surveys or registries).
Another limitation is the fact that data collected is at a national level and
might not reflect disparities and barriers to treatment access within the
country.

In conclusion, our study shows that although most MENA countries
have access to some DMTs, whether originaror, follow-on, or off-label,
more than half of them report problems with treatment access and
continuation, especially in low and middle income countries. Recog-
nizing and addressing barriers to eamment access encountered by
PwMS is essential to improve their quality of life and disease outcomes.
Our study can support the development of a comprehensive strategy for
MS care in MENA countries which is a fundamental step to improve
person-centered management and promote the health of PwMS. Such
targeted regional strategy needs to address the variations in access to
reatmment for PwMS. A greater invesmnent in healthcare infrastructure
devoted to MS is required in many MENA countries. Since affordability
was a key barrier to accessing DMTs, local reimbursement decisions
should be based on policies that improve affordability of a range of
DMTs and continuity of treatment. Given the widespread use of off-label
DMTs, evidence-based guidance on the use of off-label DMTs should be
made available to support clinical decision-making and reimbursement
decisions.

In additon, local MS registries and databases need to be further
developed in order to provide epidemiological and clinical data to help
assess, compare and enhance the status of PwMS across the MENA re-
gion. Finally, local MS patients’ societies should be supported, and their
role enhanced, as they can provide key services such as programs or
resources to help PwMS navigate the complexity of accessing DMTs.
Such straregies will allow better access to DMTs in our MENA region,
leading to significant benefits to PwWMS and the whole healthcare
system.
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Editorial

Can we improve outcomes in MS around the world? Access and global considerations across

income strata

The past decade has seen impressive success in therapies for MS.
Over the span of enly a few decades, we have moved from a world with
no approved MS therapies to breakthroughs leading to low-moderate
efficacy therapies, to high efficacy therapies and a multiplicity of ther-
apeutic choices. Moreover, our diagnostic criteria have led us to earlier
and hopefully more precise MS diagnosis. This has resulted in earlier
intervention and a marked reduction in clinical relapses and focal MRI
activity in treated people with MS (PwMS). Due to this remarkable
change in practice, we now expect “no evidence of inflammatory disease
activity” in treated PwMS. Sadly, however, this state exists only in sit-
uations where MS therapies are readily accessed.

The issue of MS therapy access is of global significance: according to
a survey of the Multiple Sclerosis International Federation's Atlas of MS
(2019-2020) (MS International Federa 2023), 60 % of African
countries and 70 % of low-income countries lack or have no licensed MS
therapies. Moreover, 50 % of middle-income and 100 % of low-income
countries lack access to high-efficacy therapies. Such availability relates
not only to whether one resides in a high-vs. low-income country — ac-
cess in even the richest countries may be limited. One survey of PWMS
conducted by the US-based National MS Society found that 40 % of re-
spondents altered their use of disease-modifying therapies, and over half
reported concerns about being able to afford therapies in the future
(MNational MS Society 2023). Identifying barriers to treatment access is
therefore paramount to improve MS outcomes worldwide.

In this issue of MSARD, Zeineddine et al. (2023) address this ques-
tion. They highlight the 2019-2020 results from the Atlas of MS con-
cerning access to therapy in Middle Eastern and North African (MENA)
countries. Of the 19 countries in the MENA region, 16 were included. Of
these countries, 3 had no access to high-efficacy therapies, and 2 had no
therapies approved. Almost half of the countries surveyed reported cost
as the most critical barrier to availability. Importantly, when divided
into World Bank income classifications of low, lower-middle, upper—
middle and high-income economies, countries classified as high-income
economies did not identify barriers to DMT access, while most countries
in lower-middle and middle-income economies identified multiple bar-
riers to access. These included cost, lack of monitoring/testing capa-
bility, limited DMT availability, lack of specialist knowledge. Reduced
uptake by PwMS was also identified in several countries. Notably, those
in lower-middle and low-income countries identified the highest num-
ber of barriers to therapy access. Continuous access to DMTs was re-
ported only in high-income countries of the region.

Limitations of the report relate to availability of information and
reporting sources. Descriptions of access in each country relied upon
single representatives/reporters, potentially leading to bias in nations

https://doi.org/10.1016/j.msard.2023.105086
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where access is uneven across the country. Further details regarding
insurance coverage and disparities within couniries are unavailable
from this report but these are important areas for future investigation.
Despite these limitations, this report identifies stark differences between
access in countries across two regions, distinctions that cleave by income
level.

How can we overcome these barriers and achieve equity in therapy
access worldwide? A first step has been taken. In December 2022, the
MSIF and multiple international partner organizations put forward an
application to include MS therapies on the WHO Model List of Essential
Medicines. In July 2023, this was approved. Three therapies were cho-
sen for this list based on cost/feasibility, balance of risk and harms,
known efficacy, and needs of special populations, namely rituximab,
cladribine, and glatiramer acetate. Notably, the list includes both high
and lower-efficacy therapies, all of which are relatively inexpensive.

Will this change the trajectory of MS for individuals living in lower-
income countries? It is a first step. As identified in the Atlas of MS, access
to the technology and medical expertise to make early and accurate
diagnosis is fragmented in many parts of the world. It remains to be seen
whether advances in the delivery of services will fill this gap.
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Appendix 6. Glossary

biosimilar drug - biological medicine highly similar to another already approved biological
medicine

DMT - disease-modifying therapy, may reduce relapses; or prevent relapses, new brain,
and spinal cord lesions, and worsening neurological disability

follow-on drug- medication similar to a pre-existing drug - but with some minor
modifications, creating slight changes in drug action or its adverse effects - used to treat
conditions for which drugs already exist

generic - a drug created to be the same as an existing approved brand-name drug in
dosage form, safety, strength, route of administration, quality, and performance
characteristics.

GNI per capita - gross national income per capita, as defined by the World Bank. Allows
classification of countries into high income, upper middle income, lower middle income,
and low income country.

off-label - Off-label use is the use of drugs for an unapproved indication or in an
unapproved age group, dosage, or route of administration

on-label - A drug used for a condition for which it has been officially approved

originator DMT - the product that was first authorized worldwide for marketing (typically
patented) on the basis of the documentation of its efficacy, safety, and quality according
to requirements at the time of authorization

registry —a database collecting and organising healthcare information, to evaluate and
improve outcomes for a population defined by a particular condition, disease, or

exposure
survey - a list of questions aimed for extracting specific data from a particular group of
people
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Appendix 7. The Arabic Version of the MusiQOL Questionnaire
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Appendix 8. Publication : Disease-modifying therapies, outcomes, risk factors and
severity of COVID-19 in multiple sclerosis: A MENACTRIMS registry based study
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Background: There is a lack information regarding risk factors associated with worse COVID-19 outcomes in
patients with multiple sclerosiz (MS) in the MENA region.

Methods: This is a multicenter, retrospective cohort study that included all MS patients with a suspected or
confirmed COVID-19 infection using the MENACTRIMS registry. The association of demographics, disease
characteristics, and use of disease-modifying therapies (DMTs) with outcomes and severity of COVID-19 were
evaluated by multivariate logistic model.

Results: A total of 600 MS patients with confirmed (n = 542) or highly suspected (n = 58) COVID-19 were
analyzed. Seventy-three patients (12.2 %) had a COVID-19 severity score of =3 on a 7-point ordinal scale
(ranging from 1 [not hospitalized with no limitations on activities] to 7 [death] with a cutoff at 3 [hospitalized
and not requiring supplemental oxygen]), and 15 patients (2.5 %) died. Out of 73 patients with a severity score
=3, 90.4 % were on DMTs; 50.6 % of them were on anti-CD20, including ocrelizumab and rituximab. Multi-
variate logistic regression showed that older age (odds ratio per 10 years, 1.4 [95 %CI, 1.0-1.8]), disability (OR
for EDSS 3.0-5.5, 2.9 [95 %CL 1.5-5.7], OR for EDSS >6.0, 2.3 [95 %CL 1.0-5.1]), obesity (OR, 3.0 [95 %ClI,
1.5-6.01), and treatment with rituximab (OR, 9.0 [95 %CI, 3.1-25.3]) or off-label immunosuppressive medi-
cations (OR, 5.6 [95 %CI. 1.1-27.8]) were risk factors for moderate or severe COVID-19.
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Conclusion: In this registry-based study of MS patients, age, sex, EDSS, obesity, progressive MS were risk factors
for severe COVID-19. Moreover, there was an association found between exposure to anti-CD20 DMTs and

COVID-19 severity.

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic has raised
concerns regarding the risk of infection and its effects on patient pop-
ulations, particularly people with multiple sclerosis (PwMS) as they may
be more vulnerable to infections due to disability and/or treatment with
disease-modifying therapies (DMTs) that alter the immune response
(Winkelmann et al., 2016). In the general populatdon, risk factors for
poorer outcomes with COVID-19 include older ager, male sex, and
comorbidities such as obesity, diabetes, hypertension, coronary heart
disease, chronic pulmonary or kidney disease, and cancer (CfDCa, 2020;
(ISARIC) ISARaEIC 2023; Williamson et al., 2020). The current evidence
suggests that multiple sclerosis (MS) does not increase the risk of
COVID-19 infection nor does it worsen clinical outcomes compared to
people without MS (Evangelou et al., 2020; Parrotta et al, 2020).
Several studies evaluating the epidemiology of COVID-19 severity have
been published and generally reported mixed results (Louapre et al.,
2020; Sormani et al., 2021; Simpson-Yap et al., 2021; Salter et al., 2021).
The COVISEP, a French clinical registry-based study which included 347
PwMS with confirmed or highly suspected COVID-19, found that age,
disability and obesity were risk factors for severe infection, but not
exposure to DMTs (Louapre et al., 2020). In contrast, Sormani et al.
reported the results of the national Musc-19 Italian registry study on 593
suspected and 191 confirmed COVID-19 infection (Sormani et al., 2021).
This study showed that progressive MS course, recent corticosteroids
use, and anti-CD20 DMTs (ocrelizumab and rituximab) were signifi-
cantly associated with an increased risk of severe COVID-19 course.
These results were replicated in the pooled analysis of the MS Global
Data-Sharing Initiative comprising 5648 PwMS with suspected or
confirmed COVID-19 diagnosis, concluding that ant-CD20 DMTs,
ocrelizumab and rituximab, were associated with greater frequency of
hospital admission, Intensive Care Unit (ICU) admission, need for arti-
ficial ventilation and death compared to glatiramer acetate and other
DMTs (Simpson-Yap et al., 2021). Moreover, in the United States/-
Canada, Salter and colleagues conducted a large, multicenter,
registry-based cross-sectional study which included 1626 patients
(Salter eral., 2021). They identified increased disability, older age, black
race, cardiovascular comorbidities and recent use of corticosteroids as
risk facrors for worse COVID-19 outcomes. The authors also found that
compared with untreated PwMS, ocrelizumab and rituximab were
associated with a higher risk of hospitalization; however, only rituximab
showed positive trends for ICU admission, artificial ventilation and
death (Salter et al., 2021).

In the Middle East and North Africa (MENA) region, studies identi-
fying clinical characteristics of MS associated with worse COVID-19
outcomes are lacking. Accordingly, we conducted a large, Middle East
and North Africa Committee for Treatment and Research in Multiple
Sclerosis (MENACTRIMS) regisuy-based study to determine whether the
outcomes of these global studies were applicable to our MS population in
the MENA region. The purpose of this study was to identify clinical and
DMTs-related risk factors for severe COVID-19 in PwWMS in the MENA
region.

2. Methods
2.1. Data collection
This was a multicenter, retrospective, observational cohort study of

patients with confirmed or highly suspected COVID-19 infection. Data
were collected from the MENACTRIMS registry, local COVID-19
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registries and cohorts from nine Middle Eastern countries, including
Algeria, Egypt, Iraq, Iran, Kuwait, Lebanon, Oman, Tunis and United
Arab of Emirates (UAE). The MENACTRIMS registry, the largest MS
patients’ registry in the MENA region (MENACTRIMS., 2023), received
approval from the Institutional review board (IRB) of the American
University of Beirut (AUB) for collection and use of confidential elec-
tronically processed patient data. Study data were collected for patients
diagnosed with COVID-19 berween March 01,2020 and February 01,
2021, before the intreduction of any GOVID-19 vaccine in the MENA
region.

2.2, Inclusion criteria

A confirmed diagnosis of MS with at least one of the following 4
criteria: (1) a confirmed COVID-19 diagnosis based on a positive severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) polymerase
chain reaction (PCR) test, (2) Typical abnormalities on thoracic
computed tomography (CT) scan manifested as ground-glass opacities,
(3) sudden onset of anosmia or ageusia in the absence of rhinitis or nasal
obstruction, and (4) typical COVID-19 symptoms (triad of cough, fever,
and asthenia) in an epidemic area of COVID-19.

2.3. Study variables

Demographic variables collected were sex, age, country at time of
infection, smoking status, alcohol consumption, and employment status.
Comorbidities were queried, including obesity, hypertension (HTN),
cardiovascular disease (CVD), diabetes mellitus (DM), thyroid disease,
chronic lung disease, chronic kidney disease, chronic liver disease and
cancer. Obesity was defined as a body mass index (BMI) =30 (WHO)
WHO, 2024.

Disease characteristics captured included MS phenotype (Clinically
Isolated Syndrome (CIS), Relapsing-Remitting MS (RRMS), Secondary
Progressive MS (SPMS) or Primary Progressive MS (PPMS) (Lublin eral.,
2014), and disease duration. Disability was assessed by the Expanded
Disability Status Scale (EDSS) which was dichotomized into 3 cate-
gories: < 3.0, 3.0-5.5, =6.0, and by the ambulation milestones (fully
ambulatory, walks with assistance, mon-ambulatory) (D'Souza et al.,
2017; Kurtzke, 1983). DMT use at the time of COVID-19 infection was
recorded as one of the following: alemtuzumab, cladribine, dimethyl
fumarate, fingolimod, glatiramer acetate (GA), interferons, natalizu-
mab, ecrelizumab, ofatumumab, rituximab, siponimod, teriflunomide,
other DMTs (off-label use of azathioprine, mycophenolate mofetil or
methotrexate), or none. Data on DMT dose and duration were not
documented. Additionally, the use of glucocorticoids during the prior
1-month was recorded.

Regarding COVID-19, we collected symptoms and diagnostic data
(PCR for SARS-CoV-2, serological tests and CT chest findings).

2.4. Definition of study endpoints

The primary endpoint was the patient’s clinical status at the most
severe point of their COVID-19 course, referred to as the COVID-19
severity score (Cao et al., 2020), This is a 7-point ordinal scale where 1
indicates the patient was not hospitalized and had no limitations on
activities; 2, the patient was not hospitalized but had limitations on
activities; 3, the patient was hospitalized but did not require supple-
mental oxygen; 4, the patent was hospitalized and required supple-
mental oxygen; 5, the patient was hospitalized and received noninvasive
ventilation or high flow oxygen; 6, the patient was hospitalized and
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received invasive mechanical ventilation or extracorporeal membrane
oxygenation; and 7, death.

2.5. Statistical analysis

Patients’ demographic and clinical characteristics were summarized
using count and percentage for categorical variables and median and
range for numerical data such as durarion of hospirtalization. Severity
score by DMT type was reported using frequency and percenrt and sta-
tistical significance was tested using Pearson chi-square. Difference in
age and EDSS according to hospitalization, ICU and living status, were
reported based on median and tested using the Mann Whitney U test,
where differences in distribution of phenotypes for same outcomes were
tested using Pearson’s chi-square. Any 2-sided p-value < 0.05 was
considered statstically significant.

Logistic regressions were performed at the univariate and muldvar-
iate level predicting severity score (= 3). Coefficients produced by the
logistic regression were exponentiated to produce odds ratios (ORs) and
95 % confidence interval (CI). In the multivariate analysis, Receiver
Operating Characteristic (ROC) curves and Concordance (C) statistics
were done to show the model discrimination capacity in predicting the
severity of COVID-19 infection (Logan, 2013). Predicted probabilities
were used to draw a calibrarion line. The produced model was repeated
using severity score > 4 as a sensitivity analysis. Statistical analyses
were conducted using SPSS software version 27.

3. Results
3.1. Smdy population

As of February 2021, 600 PwMS were included in the study. Five-
hundred forty-two (542) patients had a positive SARS-CoV-2 PCR
result. One patient had a negative SARS-CoV-2 PCR result but a chest CT
showing typical lesions of COVID-19. For the remaining 57 patients with
unavailable SARS-CoV-2 PCR results, 27 had positive SARS-CoV-2
serology, 7 had ground-glass opacity on thoracic CT scan, and 23 pre-
sented with typical COVID-19 symptoms.

3.2. Demographics and clinical characteristics

The mean (Standard Deviation [SD]) age was 36.4 (10.2) years, 414
(69.0 %) were women, and the mean (SD) disease durarion was 8.3 (6.6)
years. Obesity (n = 77,12.8 %), HTN (n = 41, 6.8 %), and CVD (n = 41,
6.8 %) were the most frequently reported comorbidities. The majority of
patients had RRMS (n = 495, 82.5 %) and were full ambulatory (n =
494, 82.3 %). The median EDSS was 2.0 (range, 0.0 — 9.0), and 559
patients (93.2 %) were receiving DMT but 107 (19.4 %) withheld their
MS weatment at onset of the infection (Table 1).

Seventy-three patients (12.2 %) had a COVID-19 severity score >3
(needed hospitalization), and 15 patients (2.5 %) died of COVID-19.
Among hospitalized patients, 26 (4.3 %) required ICU, 52 (8.7 %)
required oxygen, and 18 (3.0 %) required mechanical ventilation. The
most frequently recorded symptoms for COVID-19 were fever (n = 318,
53.0 %), cough (n = 226, 37.7 %), anosmia/ageusia (n = 203, 33.8 %),
and fatigue (n = 179, 29.8 %).

3.3. Facrors associared with COVID-19 severity

Comparing patients that required hospitalization to those that did
not, patients requiring hospitalization were older (median [range] age,
41.4 [21-61] years vs 35.0 [15-73] years; p < 0.001), had a higher EDSS
(median [range], 3.0 (0.0-9.0) vs 2.0{0.0-8.0); p < 0.001), and were
more likely to have a progressive course (17/66 [25.8 %] SPMS and 7/
26 [26.9 %] PPMS vs 49/495 [9.9 %] RRMS; p < 0.001) (Fig. 1). There
was no statistically significant difference between males and females.
Although, ICU admission was not associated with older age (median
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Table 1
Demographic and clinical characteristics of patients with multiple sclerosis
diagnosed with Coronavirus disease 2019.

Characteristics N. 9%
Number. of patients with MS 600
Demographics
Age, mean (SD) in years 36.4 (10.1)
Gender
Male 186 31.0
Female 414 69.0
‘Current Smoker 121 20.2
Former Smoker 27 4.5
Aleohol Gonsumer 92 153
Disease Course
Clinically isolated syndrome (CIS) 13 2.2
Remitring-relapsing MS (RRMS) 495 825
Secondary progressive M5 (SPMS) 66 11.0
Primary progressive MS (PPMS) 26 43
Disease Duration in years, mean (SD} 4.3 (6.6)
Expanded Disability Severity Scale Score, median 2.0
{range) (0.0-9.0)
Ambulatory Status
Non-Ambulatory 37 6.2
‘Walk with Assistance 64 10.7
Full Ambulatory 494 823
Used Steroids in the Last Month 18 27
Disease-modifying therapies
None 41 6.0
Interferon beta 159 26.5
Teriflunomide 17 2.8
Dimethyl Fumarare 46 7.7
Cladribine 4 0.7
Fingolimod,/Siponimod 112 187
Natalizumab 50 8.3
Ocrelizumab 47 7.8
Riruximab 9% 16.0
Ofatumumab 1 0.2
Alemnizumab 6 1.0
Glatiramer Acetate (GA) 6 1.0
Others* 15 2.5
DMT withheld at COVID-19 onset 107 19.4
‘Comorbid Conditions
Obesity (BMI > 30) 77 128
ion 41 6.8
Cardiovascular Disease 41 6.8
Diabetes Mellitus 17 2.8
Thyroid Disease 12 2.0
Chronic Lung Disease 5 0.8
Anemia 4 0.7
Active Malignancy 3 0.5
Malignancy Remission 2 03
Renal Disease 1 0.2
Liver Disease 1 0.2
‘COVID-12 Diagnosis
SARS-CoV-2 PCR 543 90.5
Serological Test, withour fulfilling the criteria 148 247
Theracic CT, without fulfilling the criteria 184 30.7
Covid-19 Symproms
Fever 318 53.0
Cough 226 37.7
Anosmia/ageusia 203 33.8
Fatigue 179 29.8
Sore Threat 136 227
Pain 124 20.7
Dyspnea 85 142
Runny Nose 78 13.0
Headache 66 11.0
Diarrhea 31 5.2
Nausea,/Vomiting 6 1.0
Others 11 18
Inclusion Criteria for COVID19cases
Positive SAR5-CoV-2 PCR 542 90.3
Positive Serological Test, without fulfilling the criteria 27 45
‘Ground-glass opacity on thoracic GT, without fulfilling the 8 1.3
criteria
Typical COVID-19 symptoms without fulfilling the criteria 23 3.8
(contnued on next page)
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Table 1 (continued )

Characteristics N. %
MS, multiple is; 5D, Deviation; BMI, body mass index;
SARS-CoV2: severe acute L ¥ synd us 2; PCR, pol
chain reaction; CT, Computerized tomography; COVID-19, coronavirus disease
2019.
*Other weatments for patients with multiple selerosis: mycophenolare moferil,
azathioprine and methotrexate.

[range], 39.0 [21-61] vs 41.5 [22-63]; p = 0.818), ICU patients had a
higher EDSS (median [range], 5.0 [1.0-8.0] vs 3.0 [0.0-9.0]; p = 0.005)
and a higher likelihood of a progressive clinical course (10/17 (58.8 %)
SPMS and 5/7 (71.4 %) PPMS vs 11/49 (22.4 %) RRMS; p < 0.003).
Similarly, older age (median [range], 45.0 [32-61] vs 35.0 [15-73];p=
0.002), higher EDSS (median [range] 6.0 [2.0-8.0] vs 2.0 [0.0-9.0]; p <
0.001), and progressive course (7/66 [10.6 %] SPMS and 2/26 [7.7 %]
PPMS vs 6/495 [1.2 %] RRMS) were associated with death due to
coviD-19.

Having at least one comorbidity was significantly associated with
increased risk of severe COVID-19. The proportion of patients with at

A. Outcome by Age

ST

P 0001

o
He e

Hospiaiized Death

B. Outcome by EDSS

EDSS
Eoss

P etooL .

Hosptaized

C. Outcome by Clinical Course
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least one comorbidity was lower in non-hospitalized patients (61 of 527
[11.6 %] vs 17 of 73 [23.3 %]; p = 0.005). Hypertension and cardio-
vascular comorbidities were significantly associated with more severe
COVID-19 (11 of 73 [15.1 %] vs 30 of 527 [5.7 %]; p = 0.003).

Sixty-six out of the 73 (90.4 %) hospitalized patients were main-
tained on DMTs. The majority (n = 37; 50.6 %) were on anti-CD20s
(ocrelizumab, rituximab or ofatumumab) compared to 20.1 % (n =
107) of the non-hospitalized patients receiving weamment (p < 0.001).
The distribution of clinical severity for COVID-19 according to the
different DMTs is presented in Fig. 2.

3.4. Multivariate logistic regression models of severe COVID-19

A multivariate logistic regression analysis was performed to assess
variables independently associated with severe COVID-19 (severity
score >3) (Table 2).

Results showed that older age (OR per 10 years, 1.4 [95 %Cl,
1.0-1.8]), disability (OR for EDSS 3.0-5.5, 2.9 [95 %CL 1.5-5.7], OR for
EDSS >6.0, 2.3 [95 %CL 1.0-5.1]), obesity (OR, 3.0 [95 %CI, 1.5-6.0]),
and weatment with rituximab (OR, 9.0 [95 %Cl, 3.1-25.3]) or off-label

@
5
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P=0.002
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P=0005 Peoool

=
EDSS

Not Hospitalized

icut [l peooos
Death | penom
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Clinically isolated
syndrome [C15)
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MS (RRMS)

W Secondary progressive
MS {SPMS)

m Primary progressive
M5 (PPMS)

Number of Patients

Fig. 1. Characteristics of COVID19 and MS patienis stratified by not hospitalized, hospitalized, ad
Abbreviations: EDSS, Expanded Disability Severity Scale (EDSS); ICU, Intensive Gare Unit

d to the intensive care unit (ICU) or Died

A. Outcome by Age

B. Outcome by EDSS

C. Outcome by Clinical Course
“Among hospitalized patients

The p-values were obtained from Mann-Whitney U testz for age and EDSS group differences (Fizz. 1A and 1B) and Pearson Chi-square tests for clinical course distribution

differences (Fiz. 1C).
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A. Patients grouped by severity of COVID-19 outcome
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Fig. 2. Clinical severity of Coronavirus Disease 2019 (COVID-19} and disease-modifying therapies in patients with multiple sclerosis
A. Patients grouped by severity of COVID-19 outcome

1: Not hospitalized, no limitations on activities; 2: Not hospitalized, limitation on activities; 3: Hospitalized, not requiring supplemental oxygen; 4: Hospitalized,
lived 2 L = oiiaicy STt

requiring 1 l oxygen; 5: Hospitali or ive ventilation or high-flow oxygen devices, 6: | on
ECMOQ; 7: Death

B. Patients grouped by disease-modifying therapy

Abbreviations: COVID-19: C irus Disease 2019; IFN, Interferon beta; GA: Glatiramer acetate; DMF: Dimethyl Fumarate

|Other treatments for patients with multiple sclerosis: mycophenolate mofetil, azathioprine and methotrexate.
*p < 0.001 using the Pearson Chi-square X2=143.86 df=72.
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Table 2
Associated risk factors of severe Coronavirus Diseaze 2019 (COVID-19) among
multiple sclerosis (MS) patients.

Severe COVID-19 (Severity Score > 3)

OR:(95%CI) Pwalue OR.(95%CI)  Pvalue
Age per 10 years 1.67 <0.001 138 0.025
(1.33-2.10) (1.04-1.83)
Male 1.77 0.025 - NS
(1.07-2.92)
Obesity 2.60 0.002 3.02 <0.001
(1.43-4.72) {1.52-6.01)
Cardiovascular 2.94 0.004 - NS
comorbidity (1.40-6.16)
Hypertension 294 0.004 - NS
(1.40-6.16)
Diabetes Mellitus 2.29 0.157 = NS
(0.73-7.23)
smoking 0.99 0.962 - NS
(0.53-1.84)
Progressive Course
- SPMS 3.16 <0.001 — NS
- PPMS (1.69-5.90) 0.010 - NS
3.35
(1.34-8.38)
Disease Duration per 1.66 0.002 - NS
10 years (1.20-2.29)
EDSS score <3
(reference)
EDSS score 3-5.5 373 <0.001 293 0.002
(2.05-6.79) (1.50-5.74)
EDSS score > 6 5.67 <0.001 23] 0.040
(2.92-10.99) (1.04-5.15)
DMT (IFN/GA
reference)
Teriflunomide 4,27 0.099 3.17 0.206
(0.76-23.9) (0.53-18.93)
Dimethyl Fumarate 223 0.264 1.91 0.399
(DMF) (0.51-9.71) (0.42-8.65)
Fingolimod,/ 3.49 0.024 2.28 0.153
iponit (1.18-10.33) (0.74-7.04)
Natalizumab 2.78 0.139 1.69 (0.41 0,466
(0.72-10.79) ~6.90)
Ocrelizumab 468 0.014 2.04 (0.55 0.289
(1.36-16.11) ~7.67)
Rituximab 15.26 <0.001 2.0(3.12 <0.001
(5.69-40.97) —25.36)
Others 8.00 0.008 5.58 0.036
(1.70-37.58) (1.12-27.84)
None 659 (1.97-22)  0.002 1.85 0.419
(0.42-8.20)
Pull Ambulatory NA
(reference)
Non-Ambulatory 5.40 <0.001 - NS
(2.58-11.34)
walk With Assistance 2,79 0.003 - NS
(1.43 5.44)
DMT Withheld at 2.40 0.003 - NS
COVID-19 onset (1.35-4.23)

Abbreviations: COVID-19, Coronavirus Disease 2019; ORe, Crude Odds Ratio; ORa
Adjusted Odds Ratio; Cl, Confidence Interval; SPMS, Secondary Progressive; Multiple
Scleresis; PPMS, Primary Progressive MS; EDSS, Expanded Disability Severity Status;
NA, Not Applicable; DMT, Disease-Modifying Therapy.

immunosuppressive medicatons such as azathioprine, mycophenolate
mofetil or methotrexate (OR, 5.6 [95 %CIL 1.1-27.8]) were risk factors
for severe COVID-19 requiring hospitalization.

To validare our results, a post hoc analysis with a threshold of 4 for
COVID-19 severity score was performed. Results were similar in both
cases indicating that the model used showed sensitivity. In the sensi-
tiviy analysis, obesity (OR, 3.7 [95 % CI, 1.7-7.8], p = 0.001), higher
EDSS (EDSS score 3.0-5.5 OR, 3.62 [95 % CI, 1.7-7.7], p = 0.001; EDSS
score = 6.0 OR, 2.8 [95 % CI, 1.2-6.7], p = 0.021), and treatment with
rituximab (rituximab, 12.5 [95 % CI, 3.5 - 44.6], p < 0.001) were
retained as independent variables associated with severe COVID-19.

Multiple Sclerosis and Related Disorders 90 (2024) 105790

Unlike the first model, off-label immunosuppressive medications such
as azathioprine, mycophenolate mofetil or methotrexate and older age
were not significantly associated with higher COVID-19 severity score
although higher age showed a trend toward significance (OR, 1.3 [95 %
CL 1.0-1.8], p = 0.061).

The model was checked for calibrarion in for its predictive capacity.
The predicted probability of severity was regressed against the observed
probability, and a linear model was produced with a coefficient of 0.97
and an R2 of 94.6 % indicating a good calibrated model. C statistics was
0.81 [95 % CI, 0.8-0.9], indicating a good discrimination capacity of the
model in predicting high and low severity (Fig. 3. Including only PCR+
cases in the logistic regression model (543/600) led to identical results.

3.5. Death rate in pati with multiple sclerosis h
19

d for COVID-

Fifteen patients (2.5 %) in this study died due to COVID-19.
Compared to surviving patients, they were older (OR, 1.9 [95 % CI,
1.2-2.9], p < 0.004), non-ambulatory (OR, 13.5 [95 % CI, 4.3-42.5],p <
0.001) with at least one comorbidity (OR, 8.4 [95 % CI, 2.9-23.9],p <
0.001), a progressive course (ORs, SPMS, 9.7 [95 % CIL 3.1-29.7), p <
0.001; PPMS, 6.8 [95 % CI, 1.3-35.4], p = 0.023), higher EDSS (ORs,
EDSS 3.0-5.5, 8.9 [95 % CI, 1.7-46.7], p = 0.009; EDSS >6.0, 26.9 [95
% Cl, 5.6-129.8], p < 0.001) and longer disease duration (OR per 10
years, 2.0 [95 % Cl, 1.1-3.5], p = 0.013).

4. Discussion

Our study showed that COVID-19 symptoms in PwMS were similar to
what has been described in the general population. In our cohort, fever,
cough, anosmia/ageusia and fatigue were the most frequently recorded
symptoms. Similarly, a cross-sectional study of the general population
conducted in seven MENA region countries (Algeria, Egypt. Iraq,
Lebanon, Libya, Tunisia, and the United Arab of Emirate) showed that
more than half of the participants reported fever, cough, and fatigue as
the most frequent symptoms during the course of infection (Jirjees eral.,
20232).

Univariate logistic regression models showed that older age, male
sex, comorbidities, progressive MS, longer disease duration, higher
EDSS, deteriorated ambulation, and withholding DMT were associated
with COVID-19 severity scores of 3 or more. Our results were similar to
other international COVID-19 registries, mainly the COVISEP French
registry (Louapre et al., 2020), and the MS Global Data Sharing Initiative
study (Simpson-Yap et al., 2021) that showed that older age, higher
EDSS, progressive MS course and male sex were associated with more
severe COVID-19 infection. It is of note that male sex was not a risk
factor in our cohort.

Similar to the North American Registry-based cohort (Salter et al.
2021), our study demonstrated a significant association between hy-
pertension and cardiovascular comorbidities with worse COVID-19
infection. A retrospective case study conducted throughout China
involving 11,791 MS patients with confirmed COVID-19 also showed
that hypertension and cardiac disease were among the most common
comorbidities associated with poorer prognosis (Guan et al., 2020).

Given the possible interaction between the independent variables,
we carried out a multivariate logistic regression analysis. Only older age,
higher EDSS, obesity and off-label use of immunosuppressive medica-
tions such as azathioprine, mycophenolate mofetil or methotrexate
remained as risk factors for severe COVID-19 infection.

The increased severity of COVID-19 among MS patients with higher
EDSS can be linked to the fact that respiratory dysfunction is common in
such patients and is linked to expiratory muscles weakness and cough
impairment (Levy et al., 2017). These findings should lead to improving
preventive measures to limit the risk of COVID-19 infection in older
patients and in patients with advanced disability.

Obesity was associated with 3-fold increased odds of severe COVID-
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Fig. 3. Calibration plot for the logistic regression.

19 infection. This is compatible with the results of a meta-analysis from
China that showed that patients with obesity have a greater risk of
infection, hospitalization, severe disease, mechanical venrilation, ICU
admission, and mortality due to COVID-19 (Cai et al.,, 2021). Peurilli
et al. (Pewilli et al., 2020), in a large prospective analysis of 5279
COVID-19 patients in the United States demonstrated as well that obese
patients have greater tendency to develop adverse events, including
respiratory failure, admission to ICU, and invasive mechanical ventila-
tion. Obesity-related respiratory dysfunction is probably the main cause
of severe GOVID-19 infection in those patients (Yan et al., 2021).

Surprisingly, diabetes mellitus was not associated with increased
COVID-19 severity in our study. However, several published studies
indicated that type 2 diabetes mellitus is a significant risk factor for
COVID-19 severity, and mortality. A large meta-analysis involving
78,874 confirmed COVID-19 hospitalized patients showed that pre-
existing diabetes is significantly associated with a greater risk of se-
vere/critical illness and in-hospital mortality in patients admirted to
hospital with COVID-19 (Mantovani et al., 2020).

Multiple studies evaluated the impact of DMT use on COVID-19
infection in PwMS. Given their anti-viral effect, patients eared with
interferon bera and teriflunomide were at a lower risk of COVID-19
infection and disease severity (Thakolwiboon et al., 2020). The French
(Louapre et al., 2020) and Italian (Sormani et al., 2021) cohorts showed
no association between interferon beta, glatiramer acetate and dimethyl
fumarate use and COVID-19 severity. In other studies, fingolimod
(Louapre et al., 2020; Sormani et al., 2021), natalizumab (Laroni et al,,
2021), alemmizumab (Carandini et al., 2020; Guevara et al., 2020),
cladribine (De Angelis er al., 2020), and corticosteroids (Naser Mogha-
dasi et al., 2021) were not associated with COVID-19 severity. Our re-
sults were similar, showing no impact of interferon beta, glatiramer
acetate, teriflunomide, dimethyl fumarate, cladribine,
sphinogosine-1-phosphate (51P) receptor modulators, natalizumab and
alemtuzumab on COVID-19 severity.

The MENA cohort, however; showed that exposure to rituximab and
immunosuppressive medicadons such as azathioprine, mycophenolate
mofetil and methotrexate increased the risk of severe COVID-19. Rit-
uximab use was associated with a 9-folds increase in risk of severe
COVID-19 infection. This was consistent with the findings of Simp-
son-Yap et al. (2021)) who reported on 2340 MS patients with COVID-19
infection from 28 countries and showed a significant association be-
tween rituximab and increased risk of hospitalization, ICU admission,
and need for artificial ventilation. The same outcomes were replicated in
the pooled analysis studies from Italy and France (Louapre et al., 2020;
Sormani et al., 2021).

We found no association between ocrelizumab and COVID-19
increased severity, despite a trend towards higher severity of infec-
tion. Although both rituximab and ocrelizumab are anti-CD20 therapies,
this discrepancy might be due to different molecular structure or
mechanism of cytotoxicity. Another possible explanation is that ocreli-
zumab was only recently introduced in the MENA region, and therefore
the duration of treatment with rituximab was probably longer, knowing
that hypogammaglobulinemia and infections increase with the treat-
ment duration of ant-CD20 drugs. Socioeconomic factors might have
also played a role, since riruximab is usually prescribed to partients
without health insurance, especially refugees in the Middle East.
Although this result is compatible with the interim report published by
Roche-the pharmaceutical company producing ocrelizumab-, it does not
harmonize with some other cohort studies (Laroni et al., 2021).The
Italian cohort study showed an increased risk in severe forms of
COVID-19 in MS patients treated with ocrelizumab (Sormani et al.
2021). The French cohort did not show any association between the use
of DMTs and COVID-19 severity, but reported acute respiratory distress
syndrome in two patients treated with ocrelizumab (Louapre et al,
2020). This discrepancy might be due to the small number of
ocrelizumab-treated patients in our cohort.

The overall mortality rate of COVID-19 in our MS cohort was 2.5 %,
similar to the fatality rate of 3.5% reported by Louapre et al. in the
COVISEP registry-based study (L.ouapre et al., 2020). Older age, having
at least one co-morbidity, progressive Ms, higher disability and a longer
disease duration were risk factors for mortality in patients with
COVID-19 infection. The global average mortality rate of COVID-19
infection in the general populadon is 2.7 %, which is similar to the
mortality rate detected in our MS population (Edouard Mathieu et al,,
2024). This suggests no increased risk of death in patients with MS
compared to the general population, but still needs to be confirmed with
further epidemiological studies. Two Regional studies from Iran showed
similar risk factors for mortality due to COVID-19 infection in the gen-
eral population, namely older age, obesity and comorbidities (Alamdari
et al., 2020; Alizadehsani et al., 2021).

Limitatons of this analysis include a potential selection bias as
reporting was voluntary by health care professionals, which may have
led to selection of more severe cases. Since this study was based on data
collected retrospectively from the MENACTRIMS registry and other
local registries, we were not able to collect some potentially relevant
information like DMT dosage, frequency and duration, and other risk
facrors beyond those investigated. Some immunosuppressive treatments
like ofatumumab, cladribine and alemtuzumab, were not commonly
used in our region, limiting the possibility of detecting any association
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between their use and COVID-19 severity. Our study strengths include
its large sample size and the sensitivity analysis that confirmed the
results.

5. Conclusion

COVID-19 has significantly impacted the medical practice, and it is
likely to remain an issue for several years to come with annual waves. It
is therefore crucial to identify the risk factors for more severe infection
in Middle-Eastern PwMS who may have different genetic predisposition
compared to other populations leading to improvement in the clinical
management of MS patients with COVID-19 infection in our region. This
is the largest registry-based cohort study in our region and its outcomes
were consistent with those described in other international studies. In
patients with MS, we identified age, sex, disability, obesity progressive
Ms and rituximab exposure as independent risk factors for severe
COVID-19. We found no association between all other DMTs and severe
COVID-19 which should reinforce the recommendation of keeping
PwMS and COVID-19 on their DMT and avoid delaying trearment
initiation.
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Abstract

Introduction: One strategy to mitigate progressive multifocal leukoencephalopathy (PML) risk is to
switch to other highly effective disease-modifying therapies (DMTs). However, the optimal switch DMT
following natalizumab (NTZ) discontinuation is yet to be determined.

Objective: The objective of the study is to determine the most effective and tolerable DMTs to switch to
following NTZ discontinuation due to John Cunningham virus (JCV) antibody positivity.

Methods: This is a multicenter observational cohort study that included all stable relapsing-remitting
multiple sclerosis (MS) patients who were treated with NTZ for at least 6 months before switching therapy
due to JCV antibody positivity.

Results: Of 321 patients, 255 switched from NTZ to rituximab/ocrelizumab, 52 to fingolimod, and 14
to alemtuzumab, with higher annualized relapse rate (ARR) in fingolimod switchers (0.193) compared
with rituximab/ocrelizumab or alemtuzumab (0.028 and 0.032, respectively). Fingolimod switchers also
had increased disability progression (p=0.014) and a higher proportion developed magnetic resonance
imaging (MRI) lesions compared with rituximab/ocrelizumab (62.9% vs. 13.0%, p<<0.001, and 66.6%
vs. 24.0%, p <0.001, respectively). Mean drug survival favored rituximab/ocrelizumab or alemtuzumab
over fingolimod (p<< 0.001).

Conclusion: Our study shows superior effectiveness of rituximab/ocrelizumab and alemtuzumab com-
pared with fingolimod in stable patients switching from NTZ due to JC virus antibody positivity.

Keywords: Natalizumab, switching, PML, multiple sclerosis, fingolimod, effectiveness, rituximab

Date received: 12 March 2024, revised: 18 May 2024; accepted: 27 May 2024

Introduction

Natalizumab (NTZ) is a monoclonal antibody
approved for treating relapsing-remitting multiple
sclerosis (RRMS). It blocks adpl integrin on leuko-
cytes, preventing mononuclear cell trafficking across
the blood-brain barrier (BBB).! Phase TIT clinical tri-
als?® and observational studies*6 have confirmed its
long-term efficacy and safety in RRMS.

The most significant risk with NTZ is progressive multi-

With the availability of high-efficacy disease-modi-
fying therapies (DMTs), the risk of PML in NTZ-
treated patients can be mitigated by switching
treatments. However, NTZ is associated with a
rebound phenomenon and severe disease reactivation
risk.” The RESTORE trial showed that switching
from NTZ to less efficacious DMTs, such as interfer-
ons, glatiramer acetate, or methylprednisolone, led to
clinical relapses in 15%-29% of patients, with mag-
netic resonance imaging (MRI) activity detected as
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Only few small observational studies'*'¢ looked at
efficacy and safety of fingolimod, ocrelizumab
(OCR), rituximab (RTX), or cladribine after NTZ
cessation.

The aim of this study was to compare the effective-
ness, safety, and drug survival of switching from
NTZ to other high-efficacy DMTs due to JCV Ab
positivity.

Methods

Study setting and population

We conducted a multicenter retrospective observa-
tional study of patients with RRMS treated with
NTZ for at least 6 months before switching to high-
efficacy DMTs due to JCV Ab positivity. Patient
data were obtained from the MENACTRIMS regis-
try, the largest regional MS registry,'”” and local
national registries from different countries in the
MENA region, including Kuwait, Lebanon, United
Arab of Emirates (UAE), Iraq, Oman, Algeria, and
Tunis. Data were extracted and analyzed between
October 2022 and March 2023. All patients diag-
nosed with RRMS according to the 2010' or 2017
McDonald criteria and fulfilling the following inclu-
sion criteria were included in the study: age between
18 and 65years, Expanded Disability Status Score
(EDSS) between 0 and 6, treated with NTZ for at
least 6 months before switching to another DMT due
to positive serum JCV Ab or high antibody index
(Al), and a follow-up period on the new DMT of at
least 1 year or until drug discontinuation whichever
comes first. Patients who discontinued NTZ treat-
ment for other reasons than a positive JCV Ab or
shifted to other DMTs after a wash out period longer
than 3 months were excluded.

Outcomes

The study outcomes were annualized relapse rate
{ARR), time to first relapse, confirmed disability pro-
gression (CDP), new MRI activity after switching to
the new DMT, no evidence of disease activity (NEDA-
3) defined as absence of relapses, new MRI lesions or
disability progression, drug survival, and adverse
events. The study baseline was defined as the date of
initiation of the new DMT.

Relapse was defined as new or recurrent neurological
symptoms lasting for more than 24 hours without
fever or infection.® ARR was calculated by dividing
the total number of relapses by the total number of
person-years at risk.2!

The Expanded Disability Status Scale (EDSS)
obtained within 6months before or 3months after
switching to the new DMT was chosen as baseline.
Disability progression was defined as 3 or 6 months
sustained EDSS increase by =1 point for a baseline
EDSS between 2 and 5.5, or 0.5 points for an EDSS
above 5.5, or 1.5 points for an EDSS between 0 and
R

Baseline MRI was defined as the MRI scan performed
at least 3months after initiating the new DMT.
Enhancing lesions and new T2 lesions on MRIs were
calculated as proportion of patients with positive
scans among patients with valid baseline and follow-
up MRIs.

Registered adverse events were severe infections
requiring medications, persistent lymphopenia for
>3 months, increased liver enzymes =3 times upper
limit of normal, bradycardia, autoimmune disorders,
hypersensitivity reactions, PML, and malignancies.
The date of discontinuation of the new DMT was
recorded as the date of last administration. Drug sur-
vival was defined as persistence on the new DMT
during the observational period. Alemtuzumab treat-
ment discontinuation was defined as beginning of an
alternative DMT within the first year or when the
decision against administration of the second treat-
ment course was made. >

Data collection

Patient data were recorded during routine clinic visits
at participating centers via the locally installed iMed
or MDS software programs. Data were collected from
the MENACTRIMS and local MS registries using a
standardized data collection sheet.

Standard protocol approvals

Ethical approval for the MENACTRIMS registry was
granted by the American University of Beirut Ethics
Committee. Approvals from local ethical committees
in participating centers were also obtained.

Statistical analyses

Patient data were coded and entered for analysis in
SPSS V28. Sample characteristics were summarized
using frequency, proportion for categorical variable,
mean and standard deviation or median and interquar-
tile range for numerical data.

Number of relapses were counted and normalized per
year duration to produce ARR, followed by
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321 Included

11,983 Patients Screened

1044 Patients |dentified a5 User of Natalizumab

342 Patients Enrolled

Figure 1. Flow chart of the included/excluded patients.

multivariable modeling using the Poisson distribution
to produce relative risk (RR), 95% confidence inter-
vals (Cls), and p value.

Kaplan—Meier survival analysis was utilized to look
at time for first relapse after switching to the new
DMT. Log rank test produced p value comparing the
different DMT.

CDP at 3 and 6 months was computed. Crude and
adjusted odds ratio (OR) were computed using uni-
variate and multivariable regression models adjusting
for other statistically significant covariates.

MRI activity outcomes, new T2 lesions, and gadolin-
ium-enhancing lesions were also counted and com-
pared between the different DMT using the Pearson
chi-square, and subsequently followed by the multi-
variable logistic regression to compute OR, 95% CI
adjusted for the following confounding variables:
age, sex, disease duration, washout period, baseline
EDSS, EDSS upon initiating NTZ, ARR in the year
preceding NTZ treatment, and duration of follow-up
on the new DMT. All analyses were carried out at the
0.05 significance level.

Results

Study population

In total, 342 patients switched from NTZ due to JCV
Ab positivity. We excluded 15 patients switching to
low-efficacy DMTs (13 to interferon beta and 2 to
teriflunomide and dimethyl fumarate). Six patients

switching to cladribine and one to ofatumumab were
also excluded due to small numbers. A total of 321
patients were included in the final analysis: 255 on
RTX/OCR, 52 on fingolimod, and 14 on alemiu-
zumab (Figure 1).

Baseline characteristics of the study population are
shown in Table 1. The mean duration of follow-up on
the new DMT was 2.4, 4.3, and 4.0years on RTX/
OCR, fingolimod, and alemtuzumab, respectively.

Lffectiveness

Clinical relapses. Switching to RTX/OCR was
associated with a statistically significant reduction
in ARR compared with fingolimod (0.028 vs. 0.193;
p value < 0.001). No significant difference in ARR
was found between patients shifting to RTX/OCR
versus  alemtuzumab (0.028 wvs. 0.032; p
value=0.987). Similar results were obtained when
adjusting for the following confounding variables:
age, sex, discase duration, washout period, baseline
EDSS, EDSS upon initiating NTZ, ARR in the year
preceding NTZ treatment, and duration of follow-up
on the new DMT. The time to first relapse was sig-
nificantly shorter in patients switching to fingolimod
as compared with RTX/OCR, with a mean time of
6706 and 8.7*0.1years (p wvalue<0.001),
respectively (Figure 2). There was no significant dif-
ference in time to first relapse between patients
switching to RTX/OCR versus alemtuzumab. Only
one patient had a relapse on the latter. The results
were similar after adjusting for the selected con-
founding variables.
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Table 1. Baseline characteristics of the study population.

Sex N (%) N (%) N (%)

Male 79 (31) 20(38.5) 4 (28.5)
Female 176 (69) 32(61.5) 10(71.4)
Age (years) Mean + SD Mean =+ SD Mean + SD

38385 40.1+92 38661
Age of diagnosis (years) 264+79 263+74 256+ 6.5
Apge at initiation of NTZ (years) 32.1 8.6 30688 30.8+5.6
Total disease duration (years) 11.9+535 13.8£5.6 129+54
Number of relapses in the year prior 1.5+08 1L.3x0.6 14+0.6
starting NTZ

Median (IQR) Median (IQR) Median (IQR)

Washout period (weeks) 4.0(2-6) 6.0 (4-11) 45 (4-9)
EDSS upon initiating NTZ 2.0 (1-4) 2.0(1-3) 2.0 (1-5.6)
EDSS upon initiating the new DMT 2004 2.0(1-44) 2.3(1-6)
Duration of follow-up on DMT 24(15-4) 43 (2-64) 4(2.4-7)
(years)

| ! onr

i " — 7 Ritusimab/Qerelizumat
1 Fingalimod
1 Alemiuzuma

1] ™™ +
-

Cum Survival
=
o

Figure 2. Time to first relapse on the new disease-modifying therapy.
P value from KM: Log Rank p value <0.001.

Al b versus rinuximab i b p value=0.476.

Fingolimod versus rituximab, i b pvalue < 0.001.

Fingolimod versus alemtuzumab pvalue=0.019.

Rituximab/ocrelizumab 87 0.1
Fingolimod 67 0.6
Alemtuzumab® == =

2Only one patient had a relapse on alemtuzumab.
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Table 1. Baseline characteristics of the study population.

Sex N (%) N (%) N (%)

Male 79 (31) 20 (38.5) 4 (28.5)
Female 176 (69) 32(61.5) 10(71.4)
Age (years) Mean = SD Mean = SD Mean + SD

38385 40.1+9.2 38.6+6.1
Age of diagnosis (years) 264+79 26374 256+6.5
Age at initiation of NTZ (years) 32.1+86 30.6 =88 30.8+5.6
Total disease duration (years) 11.9+55 13.8+5.6 129+54
Number of relapses in the year prior 1L.5=08 L.3x0.6 1.4+0.6
starting NTZ

Median (IQR) Median (IQR) Median (IQR)

‘Washout period (weeks) 4.0 (2-6) 6.0 (4-11) 4.5 (4-9)
EDSS upon initiating NTZ 2.0 (1-4) 2.0(1-3) 2.0(1-5.6)
EDSS upon initiating the new DMT 2.0(1-4) 20(144 2.3 (1-6)
Duration of follow-up on DMT 24(1.5-49) 43(2-64) 4(24-T)

(years)

oMT
— Rituximabicrslizumab
—Fingalimod
1 Alamuzumat
Sl
2 5
oy
(3
oo
- 0 A LEo] L) 000
years
Figure 2. Time to first relapse on the new disease-modifying therapy.
P value from KM: Log Rank p value << 0.001.
Al b versus rituximab i b p value=0.476.
Fingolimod versus rituximab/ocreli ib p value < 0.001.
Fingolimod versus al b pvalue=0.019.
Rituximab/ocrelizumab 8.7 0.1
Fingolimod 6.7 0.6
Alemtuzumab® — —

“Only one patient had a relapse on alemtuzumab.
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Table 2. Confirmed 3- and 6-month disability progression on the new DMT.

Odds ratio of 3-month and 6-month CDP by DMT type

Unadjusted Adjusted*
3-month CDP OR 95% CI pvalue OR 95% CI pvalue
Rituximab/ocrelizumab 1.00 (ref)
Fingolimod 3.29 1.27-8.51 0.014 3.28 1.06-10.09 0.039
6-month CDP
Rituximab/ocrelizumab 1.00 fref)
Fingolimod 2.29 1.03-5.06 0.041 2.89 1.06-7.87 0.038
CDP: confirmed disability ion; OR: odds ratio; Cl: confidence interval; DMT: disease-modifying therapy; EDSS: Expanded
Disability Status Score; ARR: annualized relapse rate; NTZ: naralizamab,
Ale was d from the analysis because the number of patients was 0o low.

Disability progression. Compared with RTX/OCR,
switching to fingolimod was associated with a sig-
nificant increase in risk of 3- and 6-month CDP, even
after adjusting for confounding variables (adjusted
OR = 3.28; 95% CI = 1.06%-10.09% and 2.89;
95% CI = 1.06-7.87, respectively). Patients switch-
ing to alemtuzumab were not included in the disabil-
ity progression analysis due to the small sample size
(Table 2).

MRI activity. Due to the small number of patients
with valid MRI scans in the alemtuzumab group
(n=3), alemtuzumab was not included in the MRI
analysis. A higher proportion of new T2 lesions were
detected in patients shifting to fingolimod compared
with RTX/OCR (66.6% vs. 24.0%; p value <0.001)
(Table 3). Similar results were obtained for Gd+
lesions with a higher proportion of patients with Gd+
lesions on fingolimod compared with RTX/OCR
(62.9% vs. 13.0%, p value < 0.001). Figure 3 shows
that after adjusting for confounding variables, the pro-
portion of patients with new T2 or Gd+ lesions was
still lower on RTX/OCR compared with fingolimod
(OR = 0.58; 95% CI = 0.35%—0.80% and 0.54; 95%
CI = 0.33-0.76, respectively).

The alemtuzumab group was not included in the
NEDA-3 analysis due to the small number of patients
with MRI. A higher proportion of patients on RTX/
OCR achieved NEDA-3 compared with fingolimod:
74.9%(191/255) versus40.4%(21/52): p value < 0.001.

Safety
Patients on alemtuzumab experienced the highest
frequency of adverse events (4/14 patients with

autoimmune thyroiditis) compared with fingolimod
and RTX/OCR (28.6%, 21.2%, and 8.6%, respec-
tively). Lymphopenia, increased liver enzymes,
and bradycardia were more commonly seen in
patients on fingolimod. There was one case of PML
(considered a carry-over from NTZ) and one case
of breast cancer on RTX and OCR, respectively
(Table 4).

Drug survival

A total of 31/52 patients (59.6%) on fingolimod dis-
continued treatment compared with 8/255 (3.1%) on
RTX/OCR. The mean drug survival was 8.5 years on
RTX/OCR compared with 5.6years on fingolimod (p
value < 0.001) (Figure 4). The reasons for discontinu-
ation of fingolimod were treatment failure (20/31
(64.5%)), adverse events (7/31 (22.6%)), and preg-
nancy (4/31 (12.9%)), and for RTX/OCR, patient
preference (3/8 (37.5%)), treatment failure (2/8
(25%)), adverse events (2/8 (25%)), and pregnancy
(1/8 (12.5%)). None of the patients on alemtuzumab
fulfilled the eriteria for treatment discontinuation, but
three patients received a third cycle due to break-
through disease.

Discussion

In this observational retrospective cohort study, we
compared the effectiveness, safety, and drug survival
of RTX/OCR, fingolimod, and alemtuzumab after
switching from NTZ due to JCV Ab positivity.
Compared with fingolimod, RTX/OCR and alemtu-
zumab were associated with significant reduction in
ARR and time to first relapse and had a longer drug
survival. Patients switching to RTX/OCR had less
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Patients with New T2 lesions
Fingolimod vs
Rituximab/ocrelizumab

Patients with Gd+ lesions
Fingolimod vs
Rituximab/ocrelizumab

0.58 (0.35-0.8)

0.54 (0.33-0.76)

Figure 3. Forest plot for MRI activity after adjusting for confounding factors®,

MRI: magnetic r iging; Gd+: gadolini ih:
DMT: disease-modifying therapy.

ing lesions; EDSS: Expanded Disability Status Scale; NTZ: natalizumab;

Alemtuzumab was removed from the multivariate regression analysis due to the low number of patients with valid scans.
*Adjusted for sex, age, washout period, baseline EDSS, and EDSS scores at initiation of NTZ. number of relapses in year prior to NTZ,

disease duration, and DMT duration. NEDA-3.

Table 3. MRI outcomes on the new DMT.

Rituximab/ocrel b Fingolimod pvalue
(n=100) )
N % N Yo
Number of patients with new T2 lesions 24 24.0 18 66.6 <0.001
Number of new T2 lesions
0 76 76.0 9 333 <0.001
1 22 220 5 18.5
2 2 2.0 5 18.5
3 0 0.0 6 22.2
4+ 0 0.0 2 74
Number of patients with Gd+ lesions 13 13.0 17 62.9 <0.001
Number of Gd+ lesions
0 87 87.0 10 37.0 <0.001
1 12 12.0 6 222
2 1 1.0 6 222
3 0 0.0 5 18.5

Alemtuzumab was removed from the analysis because the number of MRI scans in this group was 100 low.

disability progression, fewer mew T2 and Gd+
lesions, and higher rates of NEDA-3 compared with
fingolimod. The results were similar after adjusting
for the selected confounding variables. Due to the low
number of patients switching to alemtuzumab, the lat-
ter was not included in the disability progression,
NEDA-3, and MRI activity analyses. The safety pro-
file also favored RTX/OCR versus both fingolimod
and alemtuzumab with higher rate of infections, liver
toxicity, and lymphopenia on fingolimod and autoim-
mune thyroiditis on alemtuzumab. It is of note,

however, that there was one case of PML and one case
of breast cancer on RTX and OCR, respectively. The
better drug survival of RTX/OCR and alemtuzumab
compared with fingolimod was mainly due to a higher
rate of treatment failure on fingolimod.

To our knowledge, this is the first study comparing
the effectiveness, safety, and drug survival of RTX/
OCR, alemtuzumab, and fingolimod after switching
from NTZ. It is of note that to date, no randomized
controlled trial comparing the efficacy and safety of
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Figure 4. DMT survival.

KM Log-rank p value < 0,001

Al ih versus rituximab/ 1i: ib p value=0.458.
Fingolimod versus rituximah/ocrelizumab p value << 0.001.
Fingolimod versus al b p value=0.004.

Table 4. Adverse events.

Yes 22 8.6
Infections D 35
Hypersensitivity reactions 7 217
Asymptomatic bradycardia 0 0.0
Persistent lymphopenia 0 0.0
Increase in liver enzymes =3 X ULN 1 0.4
Autoimmune thyroiditis o 0.0
PML 1 0.4
Breast cancer 1 0.4

28.6

212

1L 4
5 9.6 0 0.0
0 0.0 0 0.0
1 1.Y 0 0.0
3 58 0 0.0
& 3.8 0 0.0
0 0.0 4 28.6
0 0.0 0 0.0
0 0.0 0 0.0

switching from NTZ to high-efficacy DMTs due to
JCV Ab positivity has been performed.

In a Swedish multicenter study of 256 patients switch-
ing from NTZ to RTX or fingolimod due to JCV Ab
positivity, RTX was associated with significantly lower
relapse rates (1.8% vs. 17.6%), Gd+ lesions (1.4% vs.
24.2%), and treatment discontinuation rates (1.8% vs.
28.2%) during 1.5years of follow-up.* Our study
showed similar results when comparing RTX/OCR

with fingolimod over a longer follow-up period (2.4—
4.3 years).” Similar outcomes were reported in a large
retrospective observational MSBase registry study®
comparing the effectiveness and treatment discontinua-
tion rates in patients switching from NTZ to dimethyl
fumarate, fingolimod, or OCR. Patients on fingolimod
had higher ARRs (OR=4.33; 95% CI = 3.12-6.01),
increased risk of disability progression (49%), and
higher treatment discontinuation rates (OR=2.57; 95%
CI = 1.74-3.80) compared with OCR.
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In a retrospective French study,” 48 patients on OCR
were compared with 54 on fingolimod after NTZ ces-
sation. Patients on OCR had a significantly lower
ARR after 1 year (0.12 vs. 0.41, p=0.026), similar to
our findings.

In a retrospective multicenter German study,” 101
patients receiving fingolimod were compared with 42
patients receiving alemtuzumab after NTZ cessation.
Similar to our study, patients on fingolimod had higher
relapse rate (OR=2.24; 95% CI = 1.12-4.50), disabil-
ity progression (OR = 4.84; 95% CI = 1.74-13.47),
and MRI progression (OR=2.41; 95% CI = 1.26-
4.60). Unlike our study, adverse events were much
more common in patients receiving fingolimod com-
pared with patients receiving alemtuzumab (OR=7.78;
95% CI = 1.04-57.95). Patients, however, were only
followed for 1year, knowing that the most common
adverse events of alemtuzumab, namely, autoimmune
disorders, peak in the third year of treatment.

In a recent study, Santiago-Setien et al. assessed clini-
cal outcomes in 30 patients maintained on NTZ
extended interval dosing or shifted to OCR. There were
no significant differences in ARR, radiological activity,
or disability progression between the two groups.”®

Our study has several limitations. The retrospective
observational design could have introduced a selec-
tion bias. However, adjusting for multiple confound-
ing variables did not alter the outcomes. Combining
both B-cell-depleting therapies (OCR and RTX) into
a single group might have obscured any differential
effects between them, but most studies have shown
similar effectiveness and safety profiles for both
DMTs. For instance, a retrospective multicenter
Italian study found that OCR and RTX had similar
reductions in ARR and MRI activity in patients
switching from NTZ.* In addition, we could not
determine the JCV Ab index due to inconsistent
reporting in the registries. We also lacked detailed
information on the dosage and interval dosing of NTZ
and the B-cell-depleting therapies. Some patients on
RTX received doses ranging from 500 to 1000 mg at
intervals of 6 to 12 months, a common practice in the
MENA region. However, previous studies have indi-
cated that such variations in dosing or treatment inter-
val did not affect the effectiveness of RTX.**-*2

The strengths of this study include the large number
of patients and long follow-up duration compared
with most previous studies. It is also, to our knowl-
edge, the first study to compare RTX/OCR, fingoli-
mod, and alemtuzumab as potential exit strategies in
patients on NTZ and JCV Ab positivity.

Conclusion

Our study showed that in patients switching from
NTZ due to JCV Ab positivity, RTX/OCR showed
higher effectiveness and better safety profile com-
pared with fingolimod. Compared with alemtuzumab,
RTX/OCR had similar effectiveness but better safety
profile.
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Sécurité et Efficacité a Long Terme des Thérapies Modificatrices de la Maladie a Haute
Efficacité chez les Patients Atteints de Sclérose en Plaques

La sclérose en plaques (SEP) est une maladie inflammatoire chronique du systéme nerveux
central, entrainant une invalidité significative chez les personnes atteintes. Le paysage
thérapeutique de la SEP a évolué au cours des derniéres décennies, avec l'introduction de
diverses thérapies modificatrices de la maladie (TMM) a haute efficacité. Cette thése examine
la sécurité et I'efficacité a long terme de ces thérapies, en particulier dans le contexte de la
région du Moyen-Orient et de I'Afrique du Nord (MENA). La recherche comprend une analyse
approfondie de I'accessibilité aux traitements, des obstacles a la thérapie, et des résultats
cliniques des patients atteints de SEP dans cette région. Elle inclut cinq études explorant la
disponibilité et l'accessibilité des TMM, l'impact de la pandémie de COVID-19 sur la gestion
de la SEP, et la comparaison du natalizumab avec les anticorps monoclonaux anti-CD20. Les
résultats soulignent des disparités significatives dans l'acceés aux traitements et la nécessité
de stratégies régionales ciblées pour améliorer la prise en charge de la SEP. De plus, la
recherche contribue a la compréhension mondiale de la SEP en fournissant des informations
sur les résultats a long terme des TMM a haute efficacité dans un contexte réel.

Mots-clés : sclérose en plaques, thérapies modificatrices de la maladie, Moyen-Orient et de
I'Afriqgue du Nord, la sécurité a long terme, l'efficacité a long terme

Long-term Safety and Efficacy of High Efficacy Disease-Modifying Therapies in Multiple
Sclerosis Patients

Multiple Sclerosis (MS) is a chronic inflammatory disease of the central nervous system,
leading to significant disability among affected individuals. The treatment landscape for MS
has evolved over the past decades, with the introduction of various high-efficacy disease
modifying therapies (DMTSs). This thesis investigates the long-term safety and efficacy of these
therapies, particularly in the context of the Middle East and North Africa (MENA) region. The
research involves a comprehensive analysis of treatment accessibility, barriers to therapy, and
the clinical outcomes of MS patients in this region. It includes five studies that explore the
availability and accessibility of DMTs, the impact of the COVID-19 pandemic on MS
management, and the comparison of natalizumab with anti-CD20 monoclonal antibodies. The
findings underscore significant disparities in treatment access and the need for targeted
regional strategies to improve MS management. Furthermore, the research contributes to the
global understanding of MS by providing insights into the long-term outcomes of high-efficacy
DMTs in a real-world setting.

Keywords: multiple sclerosis, disease-modifying therapies, middle east and north africa,
longterm safety, long-term efficacy



