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ABSTRACT

Treatment-pattern data suggest that some
patients with multiple sclerosis (MS) in the

Kingdom of Saudi Arabia (KSA) may not be
receiving optimal treatment. A virtual meeting
of ten expert Saudi neurologists, held on Octo-
ber 23, 2020, discussed unmet needs in relaps-
ing–remitting MS (RRMS), and the role of
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ofatumumab as a suitable treatment in the KSA.
Multiple unmet needs were identified: poor
quality of life, with high rates of depression and
anxiety; a negative impact of MS on work abil-
ity; treatment choices that may compromise
efficacy for safety or vice versa; inconvenient or
complex dosage regimens; and limited access to
patient education and support. Early use of
highly effective disease-modifying treatments
(DMTs) results in better patient outcomes than
starting with less effective treatments and
downstream escalation, but this strategy may be
underutilized in the KSA. B cells are important
in MS pathogenesis, and treatments targeting
these may improve clinical outcomes. Ofatu-
mumab differs from other B cell–depleting
therapies, being a fully human monoclonal
antibody that binds to CD20 at a completely
separate site from the epitope bound by ocre-
lizumab, and being administered by subcuta-
neous injection. When compared with
teriflunomide in two randomized, phase 3
clinical trials in patients with RRMS, ofatu-
mumab was associated with significant reduc-
tions in annualized relapse rates, rates of
confirmed disability worsening, and active
lesions on magnetic resonance imaging. The
incidence of adverse events, including serious
infections, was similar with the two treatments.
Ofatumumab is a valuable first- or second-line
treatment option for RRMS in the KSA, partic-
ularly for patients who would benefit from
highly effective DMTs early in the disease
course, and for those who prefer the conve-
nience of self-injection. Future research will
clarify the position of ofatumumab in RRMS
treatment, and comparative cost data may
support the broad inclusion of ofatumumab in
formularies across the KSA.

Keywords: B cells; Multiple sclerosis;
Ofatumumab; Relapsing–remitting multiple
sclerosis

Key Summary Points

Data from the Kingdom of Saudi Arabia
(KSA) suggest that some patients with
relapsing-remitting multiple sclerosis
(RRMS) may not be optimally treated
because some physicians delay the use of
highly effective disease-modifying
treatments.

A virtual meeting of expert Saudi
neurologists identified a number of unmet
needs for patients with RRMS in the KSA,
including treatment choices that must
compromise efficacy for safety or vice
versa and inconvenient or complex
dosage regimens.

B cells play an important role in MS
pathogenesis, and treatments that target B
cells, including ofatumumab, improve
clinical outcomes in RRMS patients.

In clinical trials, ofatumumab significantly
reduced relapse rates, confirmed disability
worsening, and active lesions on magnetic
resonance imaging compared with
teriflunomide, with no increase in the
incidence of adverse events, including
serious infections.

INTRODUCTION

The prevalence of multiple sclerosis (MS) in the
Kingdom of Saudi Arabia (KSA) is approximately
40.4 persons per 100,000 in the general popu-
lation and 61.95 per 100,000 Saudi nationals [1].
Moreover, the prevalence of MS in the Arabian
Gulf has been increasing at a rate of 2.3% per
year since 1986 [2]. In fact, the prevalence of MS,
and its growth, in the Middle East are
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comparable with epidemiological patterns in
Western countries, like the United States of
America (USA) and Canada [2]. These patterns
reflect changes in genetic susceptibility and
environmental triggers over time, but never-
theless, there are some potential risk factors that
may be more prevalent in the Middle Eastern
region than in the West, such as parental con-
sanguinity and regional armed conflicts [2, 3].

MS is characterized by a highly variable and
mostly unpredictable onset and natural history
[4, 5]. Of the three main phenotypes of MS, by
far the most common is the relapsing–remitting
subtype (RRMS), in which patients experience
acute relapses interspersed with periods of full
or partial recovery or stable clinical status [6].
Estimates indicate that approximately 74% of
MS patients in the Middle East and 65–75% of
MS patients in the KSA have RRMS [7–9]. In
2017–2018, the estimated annualized relapse
rate (ARR) in the KSA was 0.70 [10].

Monoclonal antibody (mAb) therapy options
for RRMS include treatments that target the
trafficking of leukocytes into the central ner-
vous system (CNS), namely natalizumab, CD52
receptors on T-cells (alemtuzumab), and the
CD20 receptor protein on B cells (ocrelizumab,
ofatumumab, and rituximab1) [11, 12]. The
most recently approved agent is ofatumumab
(Kesimpta�; Novartis), which was approved for
the treatment of RRMS in the USA in August
2020, in Europe in March 2021 and in the KSA
in September 2021. As the number of biologic
treatment options expands, so does the com-
plexity of treatment decision-making in MS.

Compared with starting MS treatment with
less effective therapy and then escalating ther-
apy as the disease worsens, the early use of
highly effective disease-modifying treatments
(DMTs) has been shown to be associated with
better patient outcomes [13, 14]. However, this
strategy may be underutilized in the KSA.

Therefore, to support physicians managing
patients with MS, particularly those in the KSA,

a virtual meeting of ten experts in the man-
agement of MS from across the KSA was held on
October 23, 2020; this advisory board meeting
was sponsored by Novartis Pharmaceuticals
Corporation. The aim was to investigate the
unmet needs in patients with RRMS, with a
focus on the KSA, and review the role of ofatu-
mumab in the treatment paradigm. This article
describes the discussions and outcomes of that
meeting. This article is based on previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors.

ATTENDEE SURVEY

Prior to the meeting, the ten experts completed
a questionnaire about the unmet needs in
patients with RRMS and the role of B cell-di-
rected therapy in their management in the KSA.
The survey consisted of 12 statements and par-
ticipants were asked to rate their agreement
with each statement on a five-point Likert scale
(i.e., strongly disagree, disagree, neutral, agree,
or strongly agree). It should be noted that the
survey included a small number of participants
(i.e., the ten experts), and its results represent
only the opinions of these participants and are
not intended to replace scientific evidence.

The participants’ responses are shown in
Table 1. There was general agreement (60%)
that there are still unmet needs in the treatment
of RRMS, and 60% of respondents agreed that
the complexity and side effects of existing
treatments may contribute to poor adherence.
None of the respondents strongly disagreed
with these statements. Similarly, 70% of
respondents agreed that early treatment of
RRMS is important to improve long-term dis-
ease outcomes. The majority of respondents
agreed that selective targeting of B cells is a
long-term treatment strategy for MS based on
the fact that B cells are significant drivers of the
pathogenesis of MS. Overall, 80% of respon-
dents agreed with the hypothesis that the low
rate of infections seen during B cell therapy
indicates that immunosurveillance is preserved
during treatment. All respondents agreed or
strongly agreed that they consider patient

1 Rituximab is not currently approved as a treatment for
MS but is commonly used off-label for reducing relapse
risk. Any mention of rituximab for the treatment of
RRMS in this manuscript refers to the personal opinions
of the experts/advisors and its off-label use in their
clinical practice.
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preferences when making treatment decisions
in RRMS.

UNMET NEEDS IN RRMS

Poor Quality of Life

Research shows that patients with MS have
impaired quality of life (QoL), including those
in the KSA [15–17], and worsening disability is
associated with deterioration of QoL [18]. RRMS
has a negative impact on patients’ QoL by
interfering with their ability to work, undertake
leisure activities, and participate fully in the
usual life roles [19–21]. A high proportion of

patients with MS have depression and/or anxi-
ety [22], and depression is associated with poor
QoL in MS [17, 23]. Epidemiological studies
from Saudi Arabia demonstrated that the
prevalence of depression in patients with MS,
including milder symptoms, ranged between 64
and 90% [24, 25]. In addition, 51% of MS
patients in a study conducted in KSA had
moderate-to-severe anxiety [24]. The prevalence
of both anxiety and depression are higher in
patients with poorer health status [24]. In
addition to depression, fatigue, disability, and
cognitive function impairment also have a
major impact on QoL in patients with MS
[17, 23, 26, 27].

Table 1 Responses to the pre-meeting survey

Responses (%)

Strongly

agree

Agree Neutral Disagree Strongly

disagree

Unmet needs in RRMS 23 63 10 3 0

There is still an unmet medical need in the treatment of RRMS 40 60 0 0 0

Some of the most effective medications that suppress disease activity also have severe

safety and tolerability issues

10 90 0 0 0

Complexity and side effect profile of current treatment options result in poor

treatment adherence

20 40 30 10 0

Early treatment of RRMS 65 27.5 7.5 0 0

The regenerative potential of the brain is limited and becomes less effective with age 50 30 20 0 0

Early treatment in RRMS is important for better long-term disease outcomes 80 20 0 0 0

Earlier intervention with highly effective DMTs results in better long-term disease

control

60 40 0 0 0

‘‘Time is Brain’’: MS damages the whole brain, and damage begins from the start of

the disease

70 20 10 0 0

Selective B cell targeting 25 65 10 0 0

B cells are an appropriate target for a long-term treatment strategy in patients with

RRMS

30 60 10 0 0

Selective targeting of B cells is a long-term treatment strategy 30 60 10 0 0

With B cell therapy, low rates of infection in clinical trials support the hypothesis of

preserved immune surveillance

10 80 10 0 0

B cells are drivers of MS pathogenesis 30 60 10 0 0

I involve my patients’ preference when it comes to making treatment decisions 60 40 0 0 0

Text in bold indicates main survey topics and the mean overall levels of agreement for each topic

DMT disease-modifying treatment, MS multiple sclerosis, RRMS relapsing–remitting MS
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DMT Efficacy

Due to perceived safety concerns with highly
efficacious treatments, many RRMS patients are
started on a low-efficacy treatment [28]. The
expert panel discussed how low-efficacy treat-
ments may result in more relapses, faster disease
worsening and disability progression, as previ-
ously reported [28–30]. Therefore, there is a
choice of treatment strategy between early
intensive treatment with potentially more seri-
ous adverse events but a better disease course, or
reserving the high-efficacy treatments for later
in the disease course, reducing potential toxic-
ity but risking more rapid disease progression.
Faced with this choice, most patients with MS
are willing to accept the risk of adverse events in
exchange for slower disease progression and
preserving functional status [31]. However, in
the KSA, those patients with mild-to-moderate
disease activity (either radiologically or by
relapse activity) start with low-efficacy treat-
ment and then escalate to high-efficacy DMTs.
This is particularly the case outside of MS cen-
ters, where MS patients mostly see general
neurologists. There is also considerable vari-
ability with regard to access to medications in
the KSA. Most of the high-efficacy DMTs are
only offered at government hospitals, and these
hospitals may limit the number of patients eli-
gible to receive them. Each hospital determines
its own formulary, and national guidelines on
which treatments to use at which stage of the
disease are currently pending publication.

Inconvenient Dosage Regimens
and Administration

Treatment schedules for DMTs can be compli-
cated, and many require parenteral administra-
tion by intravenous (IV) infusion, subcutaneous
(SC), or intramuscular (IM) injection (Table 2)
[32–45]. Most IV infusions are administered less
often than SC or IM injections during mainte-
nance therapy, which can be convenient for
patients and physicians, but IV infusions are
often time-consuming to administer, and in
some cases require premedication and/or a post-
infusion observation period. Because of the risk

of infusion-related reactions, the IV regimens
must be administered at an infusion center that
is capable of patient monitoring. Patients
receiving alemtuzumab or ocrelizumab require
premedication with steroids and/or antihis-
tamines, and possibly antipyretics. The
requirement to visit a hospital for treatment is a
particular concern during the current COVID-
19 pandemic.

Agents administered by SC or IM injection
may be administered at home by the patient, a
caregiver, or a home-care nurse. Oral agents
offer some convenience to patients since no
injections or infusions are required, but only
teriflunomide, fingolimod, and siponimod have
a simple once-daily dosing regimen. Regimen
complexity and the route of administration
may be important factors in patient adherence
to treatment, especially when long-term treat-
ment is required, and the patient’s cognition
and/or dexterity are impaired [46].

Access to Patient Education and Support

The expert panel noted that there are limited
social platforms for MS patients in Arabic, and
that a national patient-centered advocacy or
support organization could be a useful resource
for MS patients in the KSA. Such an organiza-
tion would help to communicate updated dis-
ease information to the MS community and the
wider general public, enhancing the knowledge
base of patients with MS about treatment
options, their pros and cons, and the impor-
tance of early diagnosis and treatment.

TREATMENT CONSIDERATIONS

Early Treatment

During the early course of MS, peripheral
immune activation predominates, and the
influx of immune cells (e.g., B cells and cyto-
toxic CD8 T cells) drives the pathogenic chan-
ges in the CNS [47]. However, later in the
disease course, the principal source of the
immunologic response is the resident CNS cells,
such as astrocytes and microglia [47]. During
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the early phase of MS, compensatory mecha-
nisms counteract some of the peripheral
immune cell activation, accounting for the
relapsing/remitting nature of MS symptoms.
Although neurodegeneration continues to
occur, the signs may be subtle or masked by
these compensatory repair mechanisms. How-
ever, as compensatory mechanisms and func-
tional reserves exhaust over time, the impact of
neurodegeneration becomes increasingly
apparent as disease activity becomes consis-
tently progressive [4, 48]. The expert panel
agreed that targeting early inflammation pro-
vides an opportunity to improve treatment
outcomes by preventing damage to the CNS,
but this requires physicians to be willing and
able to implement high-efficacy therapies early
in the disease course.

In some cases, it may be challenging to
confirm the diagnosis of MS. A delayed diag-
nosis can impact the initiation of treatment,
highlighting the importance of educating pri-
mary care physicians about the need to
promptly refer patients to a neurologist if they
have signs and symptoms suggestive of MS [49].
The anecdotal experience of the expert panel
indicates that diagnostic delays are indeed a
common issue in the KSA, where there is a lack
of awareness of MS signs and symptoms among
patients and physicians.

Table 2 Administration/dosage regimens for approved
RRMS treatments

Disease-
modifying
treatment

Route of
administration

Adult dose

Alemtuzumab

[42]

IV infusion 12 mg/day for 5

consecutive days,

then 12 mg/day for

3 consecutive days

every 12 months for

a total of up to four

courses

Cladribine

[41]

PO 10–20 mg/day for

4–5 days in week 1

and 2 of months 1

and 2 in years 1 and

2

Dimethyl

fumarate

[40]

PO 120–240 mg twice

daily

Fingolimod

[43]

PO 0.5 mg once daily

Glatiramer

acetate [45]

SC 20 mg once daily or

40 mg three times

weekly

Interferon b-1a

[32]

IM 30 lg once a week

Interferon b-1a

[38]

SC 22–44 lg three times

weekly

Interferon b-

1b [33, 34]

SC 62.5–250 lg every

other day

Natalizumab

[35]

IV infusion 300 mg every 4 weeks

Ocrelizumab

[37]

IV infusion 300 mg then 300 mg

2 weeks later, then

600 mg every

6 months

Ofatumumab

[36]

SC 20 mg per week for

first three doses and

then 20 mg monthly

Table 2 continued

Disease-
modifying
treatment

Route of
administration

Adult dose

Pegylated

interferon b-

1a [39]

SC or IM 63 mg on day 1, 94 mg

on day 14, and then

125 mg on day 28

and every 2 weeks

thereafter

Teriflunomide

[44]

PO 14 mg once daily

IM intramuscular, IV intravenous, PO oral, SC
subcutaneous
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Even after the MS diagnosis, patients may
not start treatment immediately. According to
data from the USA, only 35% of newly diag-
nosed MS patients start DMTs within the first
few years (median 2.4 years) of the diagnosis,
and those who do start DMT begin about
6 months after MS is diagnosed [50]. Yet, the
evidence suggests that earlier initiation of DMTs
is associated with a slower rate of disability
progression [51]. Delaying DMT increases the
risk of progression to significant disability
(Expanded Disability Status Scale [EDSS] of 4) by
7.4% per year [51]. In addition, brain atrophy,
and subsequently loss of function, may begin
early and continue as the disease progresses if
untreated. The deterioration of cognitive func-
tion, increasing disability, and worsening fati-
gue negatively impact QoL in MS patients [49].
Therefore, treating inflammation in early MS
with effective DMTs could preserve brain func-
tion and QoL for patients, as well as delay
conversion to a progressive disease course
[28, 49].

Historically, the ‘start low and go slow’
escalation approach was a common treatment
strategy for MS, in which patients began treat-
ment with low-efficacy and low-risk treatments
and switched to high-efficacy agents when
relapses occurred or signs of disease activity
developed [52]. However, there is growing
interest in developing strategies that initiate
highly effective treatments earlier [52], based on
evidence that early and aggressive treatment
reduces the risk of relapses [28]. Real-world
clinical data have shown that initial use of
highly effective DMTs (i.e., fingolimod, alem-
tuzumab, or natalizumab) significantly delayed
the progression to secondary progressive MS
compared with less effective agents (i.e., glati-
ramer acetate or interferon-b) [30]. The high use
of these less effective DMTs in the KSA [10]
suggests that the optimal treatment strategy is
underutilized.

The Role of B Cells in RRMS

B lymphocytes are an integral part of the
adaptive immune system, protecting the body
from pathogens by recognizing antigens and

producing plasma cells that make antibodies.
There is growing evidence for the role of B cells
in the pathogenesis of MS.

MS is characterized by autoantibody pro-
duction. Oligoclonal bands of immunoglobulin
G (IgG) are present in the cerebrospinal fluid
(CSF) of more than 95% of patients with MS,
and B cells in the CSF have been shown to be
the source of oligoclonal IgG [53]. In addition,
IgG antibodies directed against the myelin
oligodendrocyte glycoprotein (MOG) and mye-
lin basic protein are frequently present in the
blood and CSF of patients with MS [54]. Plasma
cells are present in high numbers in chronic or
subacute MS plaques, mostly in the perivascular
spaces but also in the parenchyma, suggesting
that autoantibody processing occurs there
[55, 56]. In addition, some patients with
advanced, secondary progressive MS (SPMS)
develop ectopic follicles in their meninges that
are comprised of B cells and plasma cells [53].
SPMS patients with these meningeal B cell fol-
licle-like structures show greater inflammation,
more grey matter pathology, and worse out-
comes compared with SPMS patients without
these follicle-like structures [57].

In addition to B cells being involved in
adaptive immunity, they have also been shown
to act as antigen-presenting cells to promote
autoimmune T-cell responses, independently of
MOG antibody production, in experimental MS
models [58, 59]. T cells and macrophages are
activated by antigen presentation and inflam-
matory cytokine (e.g., IL-6, IL-12) secretion by B
cells [56].

Further evidence of the role of B cells in the
pathogenesis of MS is provided by clinical
studies with B cell-depleting therapies (i.e.,
rituximab, ocrelizumab, and ofatumumab),
which have shown clinical benefits, including
reductions in brain inflammation and relapse
rates in patients with MS [60–64].

THE ROLE OF OFATUMUMAB
IN THE TREATMENT OF RRMS

Ofatumumab is a fully human IgG1j mAb
directed against the CD20 transmembrane
phosphoprotein expressed on B cells. CD20 is
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highly expressed in B cells in a number of con-
ditions, including B cell hematologic malig-
nancies [65, 66], and has a role in their
differentiation into plasma cells [67].

CD20 has a number of attributes that make it
an attractive treatment target in MS. First, CD20
has a propensity to remain on the cell surface
without internalization after interaction with
an mAb [68]. The interaction of CD20 and mAb
leads to B cell lysis through antibody-dependent
cell-mediated and complement-dependent
cytotoxicities [68]. CD20 is exclusively a cell-
surface protein that does not circulate freely in
serum, meaning that mAbs can target CD20-
expressing cells exclusively without competi-
tion from circulating antigens [68].

B cell-depleting therapies used in the treat-
ment of MS differ in molecular structure,
sequence composition, binding site, and
mechanism of B cell depletion. Rituximab is a
chimeric mAb that is approved for use in B cell
hematologic malignancies, but not for MS,
although it has been studied in MS patients
[61, 69, 70]. Ocrelizumab is an anti-CD20 mAb
that is derived from mice but humanized, and is
approved for use in MS [37]. Ocrelizumab and
rituximab bind to an overlapping but similar
epitope on CD20, and are administered by IV
infusion at doses of 600 or 1000 mg, respec-
tively, every 6 months [67].

Ofatumumab differs from these agents in
several ways. Ofatumumab is a fully human
mAb that binds to the small and large extra-
cellular loops on CD20 [36, 67], which is a
completely different epitope from the binding
site of rituximab and ocrelizumab (Fig. 1)
[71, 72]. These separate binding sites likely
explain some of the differential pharmacologic
properties of these agents [73]. Ofatumumab is
administered as a SC injection of 20 mg, with
weekly administration for the first 3 weeks and
monthly administration thereafter [36].

Animal studies have reported transient
peripheral B cell depletion and lymphocytope-
nia in neonates exposed to anti-CD20 B cell
depleting antibodies in utero [36]. While there
are limited data on the developmental risks
associated with ofatumumab use in pregnant
women, females of reproductive potential have
been advised to use effective contraception

while receiving ofatumumab and for at least
6 months after the last dose, unless the poten-
tial benefit to the mother outweighs the
potential risk to the fetus. For neonates exposed
to ofatumumab in utero, avoidance of live or
live-attenuated vaccine administration is rec-
ommended until recovery of B cell counts [36].

Ofatumumab Phase 3 Clinical Data

Based on phase 2 data, two phase 3 studies
(ASCLEPIOS I and II) were conducted in
patients aged 18–55 years with active RRMS and
a baseline EDSS ranging between 0 and 5.5 [64].
These two studies were identical in design: both
were multicenter, double-blind, double-dummy
studies in which patients were randomized to
treatment with oral teriflunomide or SC ofatu-
mumab for up to 30 months (Fig. 2). Terifluno-
mide was chosen as the comparator to limit the
injection burden for patients during double-
blind assessment, since having interferon-b as a
comparator would require frequent injections
in both groups. The primary endpoint was ARR
in each study, and secondary endpoints inclu-
ded the pooled rate of disability worsening,
confirmed at 3 and 6 months, and disability
improvement confirmed at 6 months [64].

Fig. 1 Epitopes on the CD20 transmembrane receptor
and the binding sites of ocrelizumab (OCR), rituximab
(RTX), and ofatumumab (OMB) [71]. Reproduced from
Klein et al. [71], with permission from Taylor & Francis
Ltd. www.tandfonline.com

1464 Neurol Ther (2022) 11:1457–1473

http://www.tandfonline.com


Serum neurofilament light chain levels and MRI
endpoints, including the number of Gd ? T1-
weighted lesions, new or enlarging T2-weighted
lesions, and brain volume, were also evaluated
in each study [64].

Overall, 927 patients were enrolled in
ASCLEPIOS I and 955 were included in ASCLE-
PIOS II [64]. The patients’ demographic and
clinical characteristics were similar in the two
studies. Mean patients’ age was 38 and 39 years
in both studies, and females comprised 68% of
patients in ASCLEPIOS I and 66% in ASCLEPIOS
II. Patients had been diagnosed with MS for a
mean of 8 years, and 60–62% had previously
received DMTs, most commonly interferons
and glatiramer acetate. The mean number of
relapses in the past 12 months was 1.2 and 1.3,
consistent with the requirement for patients to
have active RRMS at enrolment, and the mean
EDSS score was 2.9 and 3.0 [64].

ASCLEPIOS Findings
Over 30 months of treatment, the ARR was 0.11
with ofatumumab and 0.22 with teriflunomide
in ASCLEPIOS I (rate ratio 0.49 [95% confidence
interval (CI) 0.37–0.65]; p\0.001), and 0.10
with ofatumumab and 0.25 with teriflunomide
in ASCLEPIOS II (rate ratio 0.42 [95% CI
0.31–0.56]; p\0.001), representing a relative
reduction in ARR with ofatumumab versus

teriflunomide of 51% in ASCLEPIOS I and 58%
in ASCLEPIOS II [64]. In the pooled analysis of
data from both studies, ofatumumab reduced
the risk of confirmed disability worsening
compared with teriflunomide by 34% at
3 months (p = 0.002) and by 32% at 6 months
(p = 0.01; Fig. 3). Overall, 11% of patients
receiving ofatumumab and 8.1% receiving teri-
flunomide showed a reduction in disability
(improvement) confirmed at 6 months, but the
between-group difference was not statistically
significant (p = 0.09) [64].

In each study, there was a significantly lower
number of Gd ? T1-weighted lesions per scan
in the ofatumumab group than in the teri-
flunomide group, with a mean of 0.01 (95% CI
0.01–0.02) versus 0.45 (95% CI 0.36–0.58)
Gd ? T1-weighted lesions per scan in ASCLE-
PIOS I, respectively, and 0.03 (95% CI
0.02–0.05) versus 0.51 (95% CI 0.40–0.66)
lesions per scan, in ASCLEPIOS II, respectively
(p\ 0.001 for both comparisons) [64]. The
number of new or enlarging T2-weighted
lesions per year was also significantly lower with
ofatumumab versus teriflunomide in ASCLE-
PIOS I (mean 0.72 [95% CI 0.61–0.85] vs. 4.00
[95% CI 3.47–4.61] lesions per year; p\ 0.001)
and ASCLEPIOS II (mean 0.64 [95% CI
0.55–0.75] vs. 4.15 [95% CI 3.64–4.74] lesions
per year; p\ 0.001). The rate of brain volume
loss tended to be lower in the ofatumumab

Fig. 2 Design of the identical ASCLEPIOS I and II studies [64]
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group (- 0.28% or - 0.29% loss per year) than
in the teriflunomide group (- 0.35% loss per
year in both studies), but the between-group
difference was not statistically significant in
either study. Serum neurofilament light chain

levels decreased with ofatumumab relative to
teriflunomide, with significant differences
apparent from the first measurement at month
3 (Fig. 4) [64]. Post hoc analyses of pooled
ASCLEPIOS I and II data demonstrated

Fig. 3 Kaplan–Meier estimate of disability worsening
confirmed at A 3 months or B 6 months during treatment
with ofatumumab or teriflunomide [64]. CI confidence

interval. From Hauser et al. [64]. Copyright� 2020
Massachusetts Medical Society. Reprinted with permission
from Massachusetts Medical Society
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consistent treatment benefits on clinical (ARR)
and disability (3- or 6-month confirmed dis-
ability worsening) outcomes across subgroups
defined by baseline characteristics, including
age, gender, bodyweight, EDSS, the number of
relapses prior to the study, the number of
Gd ? T1-weighted lesions, and previous treat-
ment with DMTs [74].

The effect of ofatumumab versus terifluno-
mide on achieving no evidence of disease
activity (NEDA-3) was investigated using pooled
ASCLEPIOS I and II study data, including ARR,
disability worsening, and Gd ? T1-weighted
lesions [75]. The odds of achieving NEDA-3 were
significantly higher with ofatumumab than
teriflunomide in both the first (months 0–12)
and second (months 12–24) year of study
treatment. In ofatumumab-treated patients, the
odds of achieving NEDA-3 were threefold
higher from months 0–12 (odds ratio [OR] 3.36
[95% CI 2.67–4.21]; p\ 0.001) and eightfold
higher from months 12–24 (OR 8.09 [95% CI
6.26–10.45]; p\0.001) than in teriflunomide-
treated patients in the same time periods [75].

Ofatumumab dosed at 20 mg led to rapid B
cell depletion in the ASCLEPIOS I and II studies,
with B cell counts of less than 10 cells/ll by
week 2 and 0 cells/ll sustained between week 4
and week 96 in the ofatumumab group in the
pooled population, whereas in the terifluno-
mide groups, B cell counts ranged between 150
and 220 cells/ll throughout the observation
period [74]. However, this did not appear to
affect the risk of infection, since the rate of any
infections or serious infections were similar in
both treatment groups [64]. A reduction from
baseline in IgG levels was observed until week
36, followed by a recovery in IgG levels, and a
reduction in IgM levels from baseline until week
120 was seen in both treatment groups. The
proportion of patients who experienced infec-
tions was higher (45.5 vs. 36.4%) in the ofatu-
mumab versus teriflunomide group after the
first drop of IgG levels [76]. Among patients
who showed a drop in IgM/IgG levels below the
lower limit of normal (LLN), the rate of grade 3
or serious infections remained low in both
treatment groups in the ASCLEPIOS trials.
Nasopharyngitis and urinary tract infection
were the most common infections after the first

drop in IgM/IgG levels to below the LLN. Most
of the infections reported were non-serious in
nature, and were mild-to-moderate in severity.
Overall, there was no apparent association
between decreased Ig levels and increased rate
of serious/non-serious infections in RRMS
patients treated with ofatumumab, and no fatal,
life-threatening or opportunistic infections
were observed [64, 76]. The rate of malignancy
was low (0.2–0.6%) and similar in ofatumumab
and teriflunomide recipients in both studies
[64]. Systemic injection-related reactions (e.g.,
headache, flushing) were reported in 20.2% of
patients in the ofatumumab group and 15.0%
in the teriflunomide group [64]. The only
marked difference between the treatment
groups was observed after the first injection,
when systemic reactions occurred in 14.4% of
patients receiving ofatumumab and 7.5%
receiving teriflunomide. With subsequent
injections, the incidence of systemic reactions
was low and similar in both groups, and almost
all of these systemic injection-related events
(99.7%) were mild-to-moderate in severity [64].

ALITHIOS was a phase 3b open-label long-
term safety study that enrolled 1969 patients
who had completed ASCLEPIOS I/II, APLIOS or
APOLITOS and who continued to receive ofa-
tumumab (n = 1292) or switched from teri-
flunomide to ofatumumab (n = 677) [77].
Ofatumumab exposure, expressed as median
(range) time at risk, was 35.6 (0–59.7) months in
the continuous ofatumumab group and 24.2
(1.2–30.6) months in the switch group. The risk
of serious infections or malignancies did not
increase with long-term ofatumumab exposure
of up to 4 years (5197.9 patient-years), and no
new safety signals were detected [78].

Future Studies
Further research on ofatumumab is ongoing,
including open-label extensions studies, phase
3b and 4 studies, studies in pediatric patients,
studies assessing QoL and patient satisfaction,
and evaluations of switching from other DMTs
to ofatumumab. Data from these studies will
help to determine the position of ofatumumab
in MS treatment strategies, while future real-
world studies could demonstrate the effects and
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Fig. 4 Changes in serum neurofilament light chain levels
during the ASCLEPIOS I and II studies [64]. NfL
neurofilament light chain. From Hauser et al. [64].

Copyright� 2020 Massachusetts Medical Society. Rep-
rinted with permission from Massachusetts Medical
Society
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patterns of use of ofatumumab during the rou-
tine care of patients with RRMS.

The Future of Ofatumumab in Clinical
Practice in the KSA

Ofatumumab has several features which may
make it an attractive treatment option for
patients with RRMS, including being the only B
cell-depleting therapy that patients can self-ad-
minister at home with a low dosing regimen
(0.4 ml). Thus far, clinical trials and real-world
safety data are promising, and suggest that the
fully human mAb structure may limit the
immunogenicity of ofatumumab compared
with a chimeric structure.

The expert panel considered that ofatu-
mumab offers a valuable new treatment option
for first- or second-line treatment of RRMS.
Some patients do not need an aggressive treat-
ment strategy, but may still benefit from a high-
efficacy treatment, such as that provided by
ofatumumab. Similarly, the safety profile makes
it an appealing option for many patients.

The expert panel believed that some patients
are comfortable with self-injection at home,
and would appreciate that the monthly sched-
ule of ofatumumab involves fewer injections
than interferon-b treatment and does not
require hospital visits. Others, however, may
prefer in-hospital IV infusions since ocre-
lizumab, for instance, is only administered
every 6 months. The availability of both treat-
ments gives patients more options. However,
ofatumumab may not be widely available in the
KSA because of the variability between formu-
laries across the country. Many formularies in
the KSA favor inclusion of ocrelizumab because
it can be used for both RRMS and primary pro-
gressive MS. Similarly, some patients may not
have access because of eligibility restrictions or
reimbursement constraints. It was also noted by
the panel that a study comparing the costs of
ocrelizumab and ofatumumab could be pivotal
in determining access to ofatumumab for Saudi
patients.

CONCLUSIONS

There are many unmet needs in the treatment
of RRMS in the KSA, most of which are common
to other nations around the world. While the
early use of high-efficacy treatment is now
becoming the standard of care to delay disabil-
ity progression, this strategy may be underuti-
lized in the KSA. Ofatumumab is the first fully
human B cell-depleting treatment for RRMS
that can be administered by SC injection. Data
available to date show high efficacy relative to
teriflunomide and no increased risk of adverse
events or infections. As a result, Saudi neurolo-
gists may consider ofatumumab as a first- or
second-line treatment for patients with RRMS
who would benefit from a high-efficacy treat-
ment. Data from ongoing research will further
clarify the role of ofatumumab in the treatment
of RRMS in the KSA and around the world.
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