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Abstract

Multiple sclerosis (MS) is a chronic inflammatory, demyelinating, and neurodegenerative connective tissue
disease affecting the central nervous system (CNS). Recently, there has been a dramaticimprovementin several
vital concepts of immune pathophysiology underlying MS. Notably, one of the prerequisites to MS develop-
ment is Epstein—Barr virus (EBV) infection. Greater attention has been drawn towards promising, innovative
immunotherapies in the management and treatment of MS. Whilst there are numerous immunotherapies
currently proposed for MS, the B cell depleting therapy that predominantly uses the anti-CD20 monoclonal
antibodies (mAbs) such as rituximab, ocrelizumab, and ofatumumab have demonstrated promising clinical
benefits by targeting the memory B cells, which are the primary reservoir of EBV latency. Although mAbs
have proved beneficial in the treatment of MS, they pose the risk of potential adverse effects. The current
systematic review was undertaken to explore the therapeutic role of anti-CD20 therapy and its downsides
in the treatment of MS and EBV infection. Clinical trials and prospective and retrospective studies reporting
anti-CD20 therapy were carefully reviewed. The initial sections discuss the clinical features of MS, the prob-
able link between EBV and MS, and the role of B cells in MS pathogenesis. Here, we show the potential
role of anti-CD20 therapy more of a boon than a bane as the therapy yields more promising results for MS
treatment. Nevertheless, the adverse effects could be minimized following a planned therapeutic regimen
for treating MS patients.
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Introduction

Multiple sclerosis (MS) is an inflammatory, neurode-
generative, and immune-mediated disorder of the central
nervous system (CNS), characterized by the formation
of inflammatory lesions of the white matter, axonal dam-
age, loss of oligodendrocyte, gliosis, demyelination, and
neurodegeneration.! The inter-relationship of various
immune, genetic, epigenetic, and environmental factors
accounts for the development of this disorder.? Before
understanding the role of anti-CD20 therapy in mitigat-
ing the risk of MS, the epidemiology, together with envi-
ronmental, genetic, and pathophysiological factors of MS,
needs to be reviewed. Multiple sclerosis is one of the most
prevalent neurological diseases in the world, affecting
mainly women, with about 2.8 million cases worldwide.3->
Environmental factors, including exposure to viral and
bacterial agents such as Epstein—Barr virus (EBV),® hu-
man herpes virus, mycoplasma pneumonia,” smoking,®
vitamin deficiency,’ diet,'® and exposure to UV radiation
are associated with the onset of MS.!!

Multiple sclerosis has a prevalence gradient dependent
on latitude, with a higher incidence in the northern lati-
tudes of Europe and North America.!? Vitamin D defi-
ciency has been considered as a possible etiology for
the noted predisposition of the population in higher lati-
tudes being affected.!> Genetic susceptibility is not inher-
ited since there is no MS-specific gene,'* although genetic
predisposition may be involved in MS'>~!8 as there is a high
risk of the disease in patients with affected biological rela-
tives. Moreover, genetic studies have shown a connection
between first-, second-, and third-degree relatives.!>

While long considered as a T cell-mediated disease, MS
is now known to involve other immune cells like B cells.
The role of B cells is now increasingly gaining signifi-
cance in immunotherapy, and the influence of antibodies
on tissue damage is actively investigated. Inflammation
of the white and grey matter tissues in the CNS due to fo-
cal immune cell infiltration and the subsequent release
of cytokines are the primary causes of myelin sheath de-
struction in MS.19-22

Multiple sclerosis is characterized by a wide variety
of clinical symptoms. Patients exhibit dysfunction in neu-
ral communication as a consequence of demyelination
and axonal loss. Approximately 85% of MS patients have
alternating episodes of neurological disability and recovery
that last for many years, termed relapsing-remitting MS
(RRMS). About 90% of RRMS patients progress to steady
neurological decline within 25 years, termed secondary
progressive MS (SPMS). Nearly 10% of MS patients suf-
fer from steady deterioration of neurological functions
without recovery, termed primary progressive MS (PPMS).

In addition to the common motor, sensory, visual, and
autonomic deficits, cognitive impairment (CI) is also
a common symptom,?3 with approx. 43—-65% of MS
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patients suffering from CI.2*2> Executive impairment
in MS has been related to damage in frontal-subcortical
tracts as the prefrontal cortex (PFC) is believed to support
executive functions.?®?” The assessment of PFC function
may provide a useful way to assess cognitive changes in ex-
ecutive function in MS patients.

Besides this, behavioral changes with depressive symp-
toms are among the most common symptoms in MS.28
Since mood, fatigue, and sleep disorders are widely ac-
knowledged as important contributors to Cl in MS, a com-
prehensive neuropsychological assessment should always
include routine monitoring and screening of these factors
to assess the patient’s psychological state and any arising
difficulties.?” Besides immunological factors, the patho-
physiology of MS could also involve oxidative stress that
contributes to the disease progression by inducing axonal
and neuronal damage.® A causal relationship between
neurological disorders such as Alzheimer’s disease, MS
and diabetes is currently researched across the globe due
to the role of oxidative stress and redox status on neuro-
logical disorders.3!

Epstein—Barr virus is a human herpesvirus and the causal
agent of infectious mononucleosis (IM). Demyelination
is understood to be triggered in genetically predisposed
individuals by an infectious agent, with EBV being the lead
candidate.® In the case of post-EBV infection, the virus
persists in latent form in B lymphocytes throughout the life
of the host, thus posing a major risk in MS development.
Epstein—Barr virus is involved in the etiology underlying
the pathogenesis of MS and its progressive stages, namely
RRMS, PPMS, and SPMS.32 While EBV involvement in MS
pathology has been studied for many years, the rationale
underlying the causality remains inconclusive. It is known
that patients with a history of IM or with a higher anti-EBV
antibody titer are at greater risk of developing MS. Ep-
stein—Barr virus infection is assumed to be a prerequisite
in MS owing to the increased prevalence of MS patients
with latent EBV infection,33-38 with EBV-positive individu-
als being reported to have a 15 times greater risk of MS
than EBV-negative individuals.3* The strongest evidence
reporting EBV infection as a critical contributor to MS
was reported by Bjornevik et al,, who for over 20 years
were analyzing a cohort of >10 million people on active
duty in the US military. Adults diagnosed with MS were
reported positive for EBV serology.?®

Presently, there is no cure for MS. However, disease-
modifying agents (DMA) comprising modulators and
cytotoxic compounds are the mainstay of MS treatment.
The antiviral drugs or DMA used in the treatment of vi-
ral infections are not completely effective in diminishing
the viral load and so have limited effect on the progres-
sion of MS. The development of therapies that target EBV
or B cells that harbor EBV specifically will be instrumen-
tal in addressing this question. Monoclonal antibodies
(mAbs) are one of the preferred treatments for MS due
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to their target specificity and unusually high efficacy. Ap-
proximately 18 mAbs have been approved for the treat-
ment of various diseases, such as rheumatoid and pso-
riatic arthritis, ankylosing spondylitis, ulcerative colitis,
plaque psoriasis, and Crohn’s disease.?* Monoclonal anti-
bodies target the immune system, which plays a key role
in the pathophysiology of MS and these diseases.

Depletion of B cells with mAbs targeting CD20 has
emerged as one of the most efficacious therapies for
MS® and is gaining increasing significance in ameliorat-
ing the progression of EBV infection to MS.?~% For ex-
ample, an immunosuppressive mAb, ocrelizumab (OCR)
is indicated for the treatment of PPMS and ofatumumab
(OMB) was recently licensed for the treatment of SPMS. 4748
In the case of EBV infection, the anti-CD20 therapy could
further dampen the cross-reactive immune response
by depleting EBV transformed B cells and mitigate relapses
in MS.% Whilst anti-CD20 therapy has emerged as an ef-
ficient therapeutic tool in managing the risk of MS, these
antibodies pose the risk of potential adverse effects. Char-
acteristics, drug efficacy, safety, and outlines of the sig-
nificant findings of a few mAbs used for B cell depletion
are listed in Table 1. Whether anti-CD20 therapy is ben-
eficial or harmful to MS patients remains a question, and
the efficacy and safety role of these drugs need to be fur-
ther established. The current review rationalizes the use
of anti-CD20 therapy as positive or negative in mitigating
the risk of MS in EPV-infected patients.

Objectives

The current review was undertaken to ascertain the role
of anti-CD20 therapy in mitigating the risk of MS in EBV-
infected patients and whether the potential benefits
of the therapy outweigh the adverse treatment effects.

87

Methodology
Search strategy and study selection

The current review used the PRISMA protocol. A sys-
tematic search was conducted for the published articles
across different databases, including PubMed, Scopus, and
Google Scholar. Studies on observational, cohort, and case
studies evaluating the role of anti-CD20 therapy or B cell
depletion in mitigating the risk of EBV and MS were in-
cluded. All articles included in the review were in English
language.

Inclusion and exclusion criteria

Articles were screened based on originality, those fall-
ing within the scope of the review question and follow-
ing the population, intervention, control, and outcome
(PICO) guidelines. Furthermore, articles published dur-
ing the past 5 years were filtered. Articles not adhering
to the review question or satisfying the inclusion criteria,
and articles with missing information and repeatability
were excluded.

Data extraction process

The study selection process is outlined in Fig. 1. A com-
prehensive search was performed using PubMed (Med-
line) and MeSH terms: “Epstein Barr virus infection”
AND “EBV” AND “multiple sclerosis” AND “MS” AND
“B cell” AND “immunotherapy” AND “B cell depletion”
AND “memory B cells” AND “anti-CD20 therapy” AND
“rituximab”, “RTX” AND “ocrelizumab”, “OCR” AND
“ofatumumab”, “OMB”, “adverse effects”, etc. The method
was adopted following guidelines from previously pub-
lished studies.**>° A total of 102 articles were obtained

Table 1. Characteristics, drug efficacy, and safety of mAbs used in anti-CD20 therapy

Important safety issues

Administration (dose) Efficacy
Rituximab hiigeneus BOU=080ig, no phase 3 clinical trials
every 6-12 months
intravenous (600 m phase 3 clinical trials: OPERA | OPERA Il clinical outcomes:
Ocrelizumab every 6 months) 9 1 in ARR (annualized relapse rate) by 46-47%
Y | in Gd-enhancing lesions around 94-95%
phase 3 clinical trials: ULTIMATE I, ULTIMATE I
clinical outcomes:
Ublituximab intravenous (450 mg, + 1 in ARR (49.1-59.4%)
every 24 weeks) - | in 24-week confirmed; disability progression (34.3%)
MRI outcomes:
- | in number of Gd-enhancing lesions (96.5-96.7%)
phase 3 clinical trials: ASCLEPIOS |, ASCLEPIOS I
subcutaneous (20 m clinical outcomes:
Ofatumumab every 28 days) 9 - | inrisk of sustained disability progression (32-34%)
Y ceaay - 1 in ARR (50-60%) MRI outcomes
- | number of Gd-enhancing lesions (94-97%)

hypogammaglobulinemia, risk
of infections, infusion-related reaction,
hepatitis reactivation

hypoglobulinemia, infections,
malignancies (breast cancer), infusion-
related reaction, hepatitis B reactivation

infusion-related reaction,
infections, hepatitis B reactivation,
hypogammaglobulinemia

infusion-related reaction,
infections, hepatitis B reactivation,
hypogammaglobulinemia

mAbs — monoclonal antibodies; ARR — annual relapse rate; Gd — gadolinium; MRI = magnetic resonance imaging.
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(n=129)
Pubmed Mesh search, n = 102
Google Scholar, n = 27

Record identified through database searching

Fig. 1. PRISMA flow
diagram showing
screening and
selection of studies
for systematic
review

<5 years

Initial screening for eligibility of articles with filters
like abstract only and articles published

Articles

Full text accessed
for eligibility

‘ Eligibility H Screening ‘ Identification

excluded
n =65

Articles not adhering
to the review question (PICO)

Included

Studies included in review
(n=29)

based on the search terms used. An additional 27 articles
were also reviewed from a Google search. On applying
filters (abstract only and <5 years) and keywords or MeSH
used in the review question built on the PICO guidelines,
64 articles were selected. Furthermore, full-text screening
of the selected articles resulted in 29 that were reviewed
in detail to assess the role of anti-CD20 therapy in treating
MS. Articles not adhering to the review question nor meet-
ing the inclusion criteria and articles with missing infor-
mation and repeatability were excluded. To avoid the risk
of bias, 2 reviewers independently evaluated the studies for
eligibility and assessed the quality of the included studies.
Any conflict between the reviewers was resolved following
discussion to reach a common consensus.

Results

The study selection and data extraction process using
the PRISMA protocol are depicted in Fig. 1. The initial
screening resulted in the extraction of 64 articles, which
was reduced to 29 after full-text screening and inclusion/
exclusion criteria. To overcome bias, articles with missing
information were removed.

Risk of bias and quality assessment

The quality of included studies was assessed for risk
of bias using the Cochrane risk of bias tool (RoB 2), a re-
vised version®® consisting of 5 domains, being the se-
lection of the reported result, randomization, intended

|and articles with missing
information and repeatability
were excluded
(n=35)

interventions, missing outcome data, and outcome mea-
surement (Fig. 2). The risk of bias for a study is determined
and categorized as low, high, or some concerns of bias
in specific domains. Analysis of domains resulted in rais-
ing some concerns that could be due to the following rea-
sons - information on the allocation process used to pre-
serve concealment is not provided in the study, details
of intervention in patient information sheet is lacking,and
or deviation of the study outcome from intented interven-
tion. Data displayed in Fig. 2 reflect that the study is judged
to be at low risk of bias for all domains for this result and
ensures the reliability of the included studies.

B cell depleting therapy using anti-CD20 mAbs including
rituximab (RTX), ocrelizumab (OCR), and ofatumumab
(OMB) has been reported to achieve good efficacy. Ritux-
imab depletes B cells through complement-dependent
cytotoxicity®? and is used as an off-label treatment option
for MS and its various progressive forms. In a multi-cen-
ter retrospective study evaluating the efficacy and safety
of RTX in RRMS and PPMS, a significant reduction in an-
nual relapse rate (ARR) following RTX administration
in RRMS and SPMS in the 1% year of treatment was re-
ported. Three years after RTX treatment, the proportion
of patients with the confirmed expanded disability scale
(EDSS) progression was 14.6%, 24.7%, and 41.5% in RRMS,
SPMS, and PPMS groups, respectively.>® Infusion-related
symptoms were the most prevalent side effects (18.8%),
although most were mild. A similar reduction in ARR was
observed in a study by Granqvist et al.>

Ocrelizumab is the second anti-CD20 humanized mAb
and was approved by the US Food and Drug Administration
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(FDA) in March 2017 with proven therapeutic effects reduc-
ing disability progression in PPMS. In a clinical trial study
by Montalban et al., 732 PPMS patients (ORATORIO trial)
received 600 mg of iv. OCR, resulting in a 3.4% decreased
brain lesion volume with OCR vs the placebo group.>
Intriguingly, lower disability progression was observed
in the OCR-treated group compared to the placebo group.
Other studies evaluating the efficacy of OCR yielded simi-
lar findings in mitigating MS risk.>6->8 By week 120, per-
formance on the timed 25-foot walk worsened by 38.9%
in the OCR group vs 55.1% in the placebo.>® In 2 identical
phase 3 trials of OCR, lower rates of disease progression
were observed compared to the placebo.”®° Infections
of the upper respiratory tract, nasopharyngitis, and herpes/
respiratory viral infections were reported in the treatment
of PPMS with OCR in an RCT, although these were mild-
to-moderate in severity.”>®® Cases of tuberculosis or other
opportunistic infections were not documented.®¢!
In the ORATORIO trial, of the 11 patients, 2.3% devel-
oped breast cancer compared to the placebo group (0.8%).92
The reported incidence was within expectations based
on other epidemiological studies.®®* Compared to RTX,
OMB treatment provides effective B cell depletion within
lymphoid tissues. Ocrelizumab depletes B cells by anti-
body-dependent cellular cytotoxicity (ADCC) activity after
binding to a CD20 epitope on circulating B cells.®#%> An-
nual relapse rate and the number of new magnetic reso-
nance imaging (MRI) lesions were suppressed following
the therapy in RRMS patients.®® The recently reported
phase 3 clinical trials, namely ASCLEPIOS I and II, con-
sisting of 1,882 participants with RRMS (94%) and SPMS
(5-6%) administered OMB subcutaneously in loading
doses of 20 mg on days 1, 7, and 14, followed by 20 mg ev-
ery 4 weeks while teriflunomide was given orally at 14 mg
daily. By using ARR as the primary endpoint, both studies
observed significant decreases (51% in ASCLEPIOS I and
58% in ASCLEPIOS II) with OMB therapy.®’

The efficacy of OMB in MS treatment demonstrated
by other clinical studies also yielded satisfactory re-
sults. In a clinical trial by Bar-Or et al., 232 patients were
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Fig. 2. Risk of bias and quality
assessment

randomized to 3, 30, or 60 mg OMB every 12 weeks, 60 mg
every 4 weeks, or placebo for a 24-week treatment period,
with a primary endpoint of the cumulative number of new
gadolinium-enhancing lesions at week 12. This trial re-
ported a significant reduction in primary endpoint metrics
of 65% for all OMB dose groups vs placebo.®®
Ublituximab (UBX), a newly developed chimeric mAb,
is reactive against CD20-positive B lymphocytes, targeting
a different epitope on CD20 from that targeted by other
CD20 mAbs. Furthermore, it utilizes shorter infusion
times and lower doses compared to other anti-CD20
mADbs.%! In comparison to RTX, UBX has a higher ADCC
activity and is 100 times more active on cultured cells from
chronic lymphocytic leukemia patients.®® Following ad-
ministration, B cell depletion is significant within the first
24 h, reaching approx. 95% within 2 weeks after the 2"
dose is administered.”® Ublituximab has been evaluated
in phase 3 trials to test its safety and efficacy as a potential
treatment for relapsing MS.”-7* Recently, Steinman et al.
tested the efficacy and safety of UBX against teriflunomide
in RRMS patients.” In this trial, UBX was administered iv.
on day 1, day 15, weeks 24, 48, and 72. Annual relapse rate
was considered the primary endpoint, and several gadolin-
ium-enhancing lesions on MRI were scored as the second-
ary endpoint. The ARR and gadolinium-enhancing lesions
were 0.08 and 0.02, respectively in the ULTIMATE I trial,
while during the ULTIMATE II trial, ARR and gadolinium-
enhancing lesions were 0.09 and 0.01, respectively. These
results demonstrate that UBX treatment results in lower
ARR and fewer brain lesions on MRI than teriflunomide
over 96 weeks. Regarding its safety, in the treated group,
it was well tolerated, and infusion-related reactions were
observed in 47.7% of the participants. The trial reported
approx. 15-17.2% of patients infected with respiratory tract
infections, and 52 patients with serious adverse events,
including 2 malignancies and 3 deaths due to encephalitis
and salpingitis.” No cases of PML were reported after RTX
therapy. Similarly, in a phase 2 multi-center study by Fox
et al., robust B cell depletion and profound reductions
in MRI activity and relapses were demonstrated following
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UBX treatment. An absence of T1 gadolinium-enhancing
lesions was recorded at weeks 24 and 48 of follow-up,
and T2 lesion volume decreased by 10%. The ARR was
approx. 0.07 and about 74% of patients had no evidence
of disease activity (NEDA).”

Clinical findings of some studies are outlined
in Table 2.33:53-5971-75 Qyerall, the reviewed articles dem-
onstrated the efficacy of anti-CD20 immunotherapy
in mitigating the risk of MS in EBV latent infections. Fur-
thermore, they highlight that anti-CD20 therapy is a net
benefit to patients and yields promising results for MS
treatment. So far, anti-CD20 antibody treatment has been
observed to be superior to other treatments, and will likely
continue to be utilized until a more comprehensive under-
standing of the disease develops.

Discussion

The present review provides evidence from different
clinical trials in support of the utility of the therapy in MS
management and treatment. B cell depletion via anti-CD20
action is recognized to play a pivotal role in therapeutics
for MS. Furthermore, a prophylactic effect may be seen
as depletion of infected B cells, which can improve the con-
trol of EBV infection and reduce the risk of MS. B cell

R. Alrashoudi. Anti-CD20 immunotherapy: A bane or boon

depleting therapy using anti-CD20 mAbs has been re-
ported to achieve good efficacy. From the articles reviewed
in the current study, anti-CD20 therapy was found effec-
tive in treating MS and EBV infections, with few down-
sides or adverse effects in the treatment. As the immune
cells are damaged, the patient is at risk of infections from
other disease-causing microorganisms, autoimmune dis-
eases, and cancer. Importantly, the observations reported
in the present review are in accordance with the previous
studies.”®=78

In this article, the rationale behind the use of anti-CD20
therapy, and whether this is beneficial or risky to the pa-
tients, has been discussed. It is of prime importance
to understand the involvement of B cells in EBV infection
and MS pathophysiology before the action of anti-CD20
therapy is understood. Epstein—Barr virus, as an essential
prerequisite in MS development and action of anti-CD20
therapy, is illustrated in Fig. 3.

Following EBV infection, the EBV-infected or trans-
formed B cells enter the brain through the blood-brain
barrier. Here, the B cells differentiate into plasma cells
and produce cross-reactive antibodies against myelin an-
tigens, which attack and damage neurons. Further dam-
age to oligodendrocytes, myelin, and neurons occurs
by pro-inflammatory cytokines such as IL-2, interferon
(IFN)-y, and tumor necrosis factor (TNF)- production,

Fig. 3. EBVs association as a prerequisite for MS development and action of anti-CD20 therapy



Table 2. Summary of studies assessing anti-CD20 therapy

Author

Type
of anti-CD20
therapy

Study design

Major clinical findings

Adverse events

Bar-Or et al 33

Zeccaetal>

Granqvist
etal>*

Montalban
etal>

Ellwardt
etal®

Wolinsky
etal®’

Turner et al 8

Hauser et al.®

Sorensen
etal®®

Alcala et al.”!

Durozard
etal’”?

Honce et al.”?

Steinman
etal’4

Fox
etal”

OMB

RTX

RTX

OCR

OCR

OCR

OCR

OCR

OMB

RTX

RTX

RTX

UBX

UBX

phase 2, double-blind, randomized,
placebo-controlled study
(MIRROR; 48 weeks);
number and type of participants:
232 RRMS

retrospective, uncontrolled,
observational study;
number and type of participants:
355 MS (188 RRMS, 43 PPMS,
124 SPMS)

retrospective multicenter (follow-
up: to 4 years); number and type
of participants: 120 RRMS

phase 3, double-blind, randomized,
placebo-controlled, parallel study
group (ORATORIO; 120 weeks)

retrospective, single-center (median
follow-up: 200 days); number and type
of participants: 210 MS (155 RRMS/
SPMS, 55 PPMS)

open-label extension, phase 3 trial
(ORATORIO; 144 weeks); number and
type of participants: 732 PPMS

phase 3, randomized, double-
blind, active-controlled, parallel
study group (pooled OPERA | and
OPERA II; 96 weeks); number and type
of participants: 1,656 RRMS

open-label extension, phase 3
trials (OPERA | and OPERA II); number
and type of participants: 702 RRMS

phase 2, double-blind, randomized,
placebo-controlled study (48 weeks);
number and type of participants:
38 RRMS

retrospective single-center; number
and type of participants: 90 MS
(31 RRMS, 45 SPMS, 14 PPMS)

nationwide retrospective multicenter;
number and type of participants:
50 RRMS

prospective double-blind single
center (mean follow-up: 1.5 years);
number and type of participants:
55 RRMS

phase 3, double-blind, double-
dummy trials (ULTIMATE | and II);
number and type of participants: RMS,
trial I (n = 549); trial Il (n = 545)

phase 2 placebo-controlled study;
number and type of participants:
48 RMS

stable EDSS in 79% of patients at week
12 and 24

L ARRvs 1 year before
(RRMS = 0.86 — 0.09
p < 0.001; SPMS =0.34 — 0.06
p < 0.001; PPMS = 0.12— 0.07
p =045

| ARR with RTX vs injectable DMTs
(p <001)

| proportion of patients with 3-month
CDP (32.9% OCR
vs 39.3% placebo, p = 0.03) and
6-month CDP (29.6% vs 35.7%,
p=004)

relapse rate (13%) and 5% experienced
a 12-week CDP

| proportion of patients with 24 weeks
CcDP

decreased ARR and NEDA-3 re-
baselined at week 24 in patients
aged < 40 years or with >1 Gd* lesion
at baseline with OCR

| proportion of patients with 6 months
CDP (16.1% with OCR/OCR vs 21.3%
with IFN-B-1a/OCR at year 5, p = 0.014)
NEDA-3 = 65.4% with OCR/OCR
vs 55.1% with IFN-B-1a/OCR (p < 0.001)

lower proportion of patients with
relapse(s) with OMB compared
to placebo (19% vs 25%)

ARR reduced to 88.4%
NEDA-3 at 1 year: all MS = 70%
RRMS = 74.2%; PMS = 67%

decrease in ARR

| proportion of patients with new T2
lesions (25.9%
RTX-GA vs 61.5% placebo-GA,
p = 0.009)

trial I: ARR and gadolinium-enhancing
lesions were 0.08 and 0.02

trial Il; ARR and gadolinium-enhancing

lesions were 0.09 and 0.01, respectively

B cell depletion was >99% by week 4

|ARs increased in OFT (52%)
vs placebo (15%);
equivalent infections with OFT
and placebo

23.7% at least 1 IAR; serious
AE (3.1%); death (n = 1) due
to mediastinal neoplasm

absence of serious adverse events
with RTX; mild adverse events more
common for injectable DMTs vs RTX

|ARs increased with OCR (40%) vs
placebo (26%);
increased rate of infections with OCR
(71.4%) vs placebo (69.9%);
increase in upper respiratory tract
infections with OCR;
no increase in SAE;
increase neoplasm with OCR (2.3%)
vs placebo (0.8%)

22% AE, 9% IARs:
minor infections (8%) and 2 cases
of a prolonged herpes labialis;
1 case of toxic drug-induced
hepatopathy

AE consistent with past reports

no new safety signals emerged with
prolonged treatment

mostly mild-to-moderate severity AEs;
2 patients discontinued for grade-2
(pruritic rash, bronchospasm, cough)
and grade-3 (pharyngeal edema,
erythema, pruritus) AEs

IAR was 18.8%; 4 SAE (1 agranulocy-
tosis, 3 thrombotic events, 1 death
due to pulmonary embolism)
AEs patients = 16; SAEs = 3;
discontinuation of treatment due
toAE(n=2)

IARs increased in RTX; 4 serious AEs
in RTX, 5 in placebo

|AR: 47.7%; serious infections: 5.0%
in UBX compared to teriflunomide

ARR was 0.07; 93% remained relapse
free; 74% had NEDA

OMB - ofatumumab; RTX - rituximab; OCR — ocrelizumab; UBX — ublituximab; MS — multiple sclerosis; RMS — relapsing multiple sclerosis; RRMS - relapsing-
remitting multiple sclerosis; SPMS — secondary progressive multiple sclerosis; PMS — progressive multiple sclerosis; PPMS — primary progressive multiple
sclerosis; EDSS — expanded disability scale; ARR — annual relapse rate; DMT — disease-modifying therapy; CDP - confirmed disability progression;

OCR - ocrelizumab; GA - glatiramer acetate; NEDA — no evidence of disease activity; Gd — gadolinium; AE — adverse event; IAR — infusion-associated
reaction; SAE — serious adverse event.
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which are released in response to cross-reactive T cells
and memory B cells.?0-%> A greater proportion of B cells
infected with EBV were found in the post-mortem brain
tissue of an RRMS patient.” The virus in the infected
memory B cells escapes the T cell surveillance by ex-
pressing transcription factors EBNA-3A and -3C, which
blocks the differentiation of EBV-infected B cells into ter-
minal plasma cells, thereby developing long-term latency
in these cells.’0-82

The use of antiviral drugs, immune modulation via B cell
depletion, boosting immune responses, and refining im-
mune surveillance are a few of the effective control mea-
sures suggestive of preventing or tackling the increasing
risk of MS. Due to the effective treatment against HIV,
antiviral compounds like famciclovir, stavudine, zidovu-
dine, abacavir, and raltegravir have been assessed as po-
tential tools in the treatment of MS. However, despite
their efficacy against viral infections, therapeutic potential
in the case of MS remains unresolved with unsatisfactory
results.®? Besides, anti-herpes viral nucleoside analogs have
also received attention as antiviral drugs. Yet, their effect
in treating MS was discouraging.>

Several anti-CD20 mAbs are beneficial in the treatment
of MS via the depletion of CD20* B cells.>*7683 Recently,
Lovett-Racke et al. investigated the role of B cell deple-
tion that could benefit MS patients. In the phase 2 trial
of UBX, immune profiles were monitored in 48 patients
at 18 time points over a year. Intriguingly, besides CD20*
B-cells, UBX also depleted CD20 T cellls.® It is noteworthy
that the depletion of T cell subsets adds to the beneficial
effects of B-cell depletion therapy. Yet, whether it is the an-
tigen-presenting or antibody-producing property of B-cells
targeted in these therapeutics is unclear. The therapeu-
tic efficiency of anti-CD20 B cell mAbs is thus based
on the removal of the antigen-presenting capabilities
of the B cells.®> Memory B cells play a key role in EBV
infection and progression to MS. The co-receptor used
by EBV to infect and immortalize B cells is also expressed
by memory B cells (complement C2),8587 thus benefitting
the virus to establish latency in these cells. Accordingly,
memory B cells are recognized as potential targets in ame-
liorating the progression from EBV infection to MS.86-88

A large number of studies have demonstrated a con-
siderable drop in the risk of RRMS and disability with
the introduction of anti-CD20 therapy.3*~*> More recently,
in a retrospective study conducted at a university hospital
in Saudi Arabia to investigate the efficacy of anti-CD20
antibodies (RTX and OCR) in the treatment of RRMS and
PPMS,® the number of relapses was significantly reduced
after 12 months of treatment. Furthermore, a large co-
hort study testing the efficacy of RTX in different stages
of MS, namely RRMS, PPMS, and SPMS, yielded signifi-
cant diagnostic findings, supporting the use of this therapy
in treating MS and likely preventing its transition to sec-
ondary progressive forms. A total of 822 RTX-treated pa-
tients with MS consisting of 557 RRMS, 198 SPMS, and
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67 PPMS were treated with 500 or 1,000 mg of iv. RTX
every 6—12 months, with a mean period of 21.8 months.
During treatment, the annualized relapse rates (ARR)
were 0.044 (RRMS), 0.038 (SPMYS), and 0.015 (PPMS), re-
spectively.®! Similar findings were reported by Zecca et al.
with a significant drop in ARR in different stages of MS
in a multi-center study.>® Having known the role of anti-
CD20 therapy in effective management in previous sec-
tions, it is imperative to judge whether anti-CD20 therapy
has drawbacks or is more advantageous.

Notably, the thought of patients living their lives with
vastly reduced numbers of B cells is a rather daunting
prospect. CD20 is expressed on all stages of B cell devel-
opment except for early pro-B cells or plasmablasts and
plasma cells. Therefore, anti-CD20 therapy comes with
a greater concern towards the impact of B cell depletion
on total lifelong immunity. A potential problem may
be the long-term effects on immunity to new antigens
or decreased responses to vaccines. Over the long run,
the failure to mount adequate responses to variants of cur-
rent pathogens or to new pathogens may put chronically
B cell-depleted patients at risk of opportunistic infec-
tions®7099-9 and a major threat of tumor and secondary
autoimmune diseases. Moreover, immunotherapy using
mAbs poses a greater risk of infusion-associated reactions
(IAR), especially in its early phases.®

Few studies reported yielded no neoplastic risk in MS
patients on treatment with RTX, others reported a consid-
erable percentage of MS patients to develop cancer.®? About
0.7% of MS patients develop cancer compared to 0.2%
treated with INF-B-1a.1%° Conversely, no malignancies
were reported in trials in OMB-treated patients.?® During
long-term therapy, serum immunoglobulin (mostly IgM
and IgQG) levels are greatly reduced. The effects of B cell-
depleting therapies on Ig levels, infection risk, long-term
immunity, and response to vaccines are important con-
siderations in routine MS disease management. Despite
the absence of CD20 in plasma cells, IgG levels are known
to decrease following anti-CD20-depleting therapy. It has
been reported that serum IgM and IgG decreased following
RTX treatment, which can result in hypogammaglobu-
linemia in long-term treatment.®> However, a differential
effect was observed in the case of OCR. In an RCT, OCR
reduced IgM more than IgG, although this result was not
supported in either the ASCLEPIOS I and II trials.*

Patients treated with anti-CD20 therapy are at higher risk
of infections and prone to diseases like HIV and tuberculo-
sis owing to reduced Ig count.’® Decreases in Ig have been
reported in patients receiving long-term therapy with RTX
and OCR%??% and who were infrequently at risk of severe
infections as a result of lymphopenia and neutropenia.®*%
Parallelly, infections in the upper respiratory tract were
reported in the treatment of PPMS with OCR in an RCT
study.>® This is together with an increased prevalence
of nasopharyngitis and upper respiratory infections be-
ing reported in a phase 3 trial following OCR treatment.*
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In patients with MS and hematological malignancies, a rare
but serious viral infection of the brain was reported, termed
progressive multifocal leukoencephalopathy (PML), follow-
ing treatment with OCR and RTX monotherapies, respec-
tively.”® Moreover, hepatitis B reactivation in patients with
prior hepatitis infection and death due to PML on OCR
monotherapy is cautioned by the FDA.>”

Regarding the risk of MS during pregnancy, clinicians
have historically discouraged women from conceiving.
Yet, this notion changed after the finding by Vukusic et al.,
who investigated the impact of pregnancy on the clinical
course of MS,1% in which ARR was reported to stay unal-
tered during pregnancy compared to the pre-pregnancy
year. Several studies have assessed the risk of maternal
RTX exposure for the fetus. The largest study evaluated
231 pregnancies associated with maternal RTX exposure
in lymphoma or autoimmune diseases.!? Of 153 preg-
nancies with known outcomes (including 2 patients with
MS), nearly 60% resulted in live births, with 24% preterm
neonates and only 2.2% of neonates with congenital mal-
formations. However, limited information is available
on the use of OCR and OMB during pregnancy. Accord-
ing to the current FDA and European Medicines Agency
(EMA) recommendations, OCR should be avoided dur-
ing pregnancy, and women are recommended to consider
pregnancy 6—12 months after the last infusion. This delay
could be reduced to 2—3 months for women with active
disease as mAbs do not cross the placental barrier during
the 1%t pregnancy trimester.!%

The data from the current study provide an over-
view of the potential applications of anti-CD20 therapy
in the management of MS and certainly in mitigating
the risk of MS in EBV latent infections. The outcome re-
ported herein broadens our understanding of the pivotal
role that various immune components play in the im-
munopathology of MS, together with the role of EBV
as a prerequisite in MS development. This would open
doors to the development of advanced therapies under-
lying the ailment and further assist in the initial choice
of pharmacological treatment for MS. We hope that these
results will assist in shared decision-making between pa-
tients, caretakers, and their clinicians. Immunotherapy
using T cells is also under development and clinical tri-
als. ATA188 is an off-the-shelf, allogeneic T cell immuno-
therapy that specifically targets EBV-infected B cells and
plasma cells, developed byATA188 is currently in a phase 2
of randomized, placebo-controlled trial 1%

The reduction of EBV* B cell depletion by anti-CD20
therapy is a promising area of research in MS. While
anti-CD20 mAbs have proven efficacy for RRMS treat-
ments, they have failed to prevent long-term disability
in SPMS. The most challenging is that the currently avail-
able anti-CD20 therapies have little impact on this phase
of transitioning MS from RRMS to SPMS. Limited data are
available on evidence supporting the efficacy of anti-CD20
therapy in improving the progression of MS by depleting
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EBV* B cells. In the future, extensive translational research
investigating the efficacy of this treatment on progres-
sive stages of MS is warranted for the complete treatment
of MS in the advanced stages of the disease.

Limitations

The current study has some limitations. First, studies
reporting data to minimize adverse effects following anti-
CD20 therapy are limited, as is the data on the impact
of anti-CD20 therapy on the phase transitioning of MS
to its progressive stages. The inclusion of such stud-
ies and further meta-analysis with statistical evaluation
of the main diagnostic findings of the included study would
add more information to the outcome of the study and af-
fect the data and future perspectives.

Conclusions

Data from included studies provides strong evidence
in support of anti-CD20 therapy in the management and
treatment of EBV infection and MS. Based on the cur-
rent knowledge of anti-CD20 antibodies, mAbs remain
a mainstay in the treatment of MS. Although this ther-
apy has some adverse effects, these can be minimized
or managed by timely monitoring of the risk assessment.
Thus, it can be justified that anti-CD20 therapy is a net
positive in mitigating the risk of MS and EBV infection.
Of major concern, the various clinical trials studying
the efficacy of different anti-CD20 therapies yielded
promising results in treating MS in its early stages. Ro-
bust research on the progressive stages of MS is thus
needed. Moreover, valuable clues stem from translational
research, animal experimentation and other interven-
tional studies on neurodegenerative and neuropsychiatric
disorders like those observed in MS. This would further
assist in the search for useful biomarkers and explor-
ing novel targets for the treatment of diseases. Several
extensive preclinical, clinical, and computational stud-
ies are underway for their potential translatability and
synthesizability in the search for novel therapeutics for
reducing the risk of MS.
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