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Tolerability of subcutaneous ofatumumab with
long-term exposure in relapsing multiple sclerosis

John Kramer , Ralf Linker, David Paling, Adam Czaplinski, Olaf Hoffmann, V Wee Yong,
Noreen Barker, Amy Perrin Ross, Elisabeth Lucassen, Mohammad Gufran, Xixi Hu, Ronald Zielman,
Gustavo Seifer*, Patrick Vermersch

Abstract
Background: Ofatumumab is approved for treating relapsing multiple sclerosis (RMS). Examining
tolerability will enable understanding of its risk–benefit profile.
Objective: Report the tolerability profile of ofatumumab in RMS during treatment of up to 4 years and the
effect of pre-medication.
Methods: Cumulative data from the overall safety population included patients taking continuous ofatu-
mumab or being newly switched from teriflunomide. Injection-related reactions (IRRs) by incidence and
severity, and post-marketing surveillance data, with an exposure of 18,530 patient-years, were analyzed.
Results: Systemic IRRs affected 24.7% of patients (487/1969) in the overall safety population; most
(99.2% [483/487]) were mild (333/487) to moderate (150/487) in Common Terminology Criteria for
Adverse Events severity; most systemic IRRs occurred after first injection. Local-site IRRs affected
11.8% (233/1969) and most (99.6% [232/233]) were mild/moderate. Incidence and severity of systemic
and localized IRRs were similar between continuous and newly switched patients across repeated injec-
tions. Systemic IRR incidence and severity were not substantially affected by steroidal or non-steroidal
pre-medication. Post-marketing surveillance identified no new tolerability issues.
Conclusion: Ofatumumab is well tolerated, displays a consistent safety profile during continuous use or
after switching from teriflunomide and does not require pre-medication. This enables home management of
RMS with a high-efficacy treatment.

Keywords:Ofatumumab, relapsing multiple sclerosis, multiple sclerosis, anti-CD20, tolerability, injection-
related reaction, pre-medication, post-marketing surveillance
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Introduction
Multiple sclerosis (MS) is a chronic, autoimmune
demyelinating disease of the central nervous
system.1 Available disease-modifying treatments
(DMTs) typically focus on reducing relapses, limiting
disease worsening and maintaining health-related
quality of life.2 Advances in the development of
DMTs for relapsing forms of MS enabled additional
factors, including route and frequency of administra-
tion, and requirements for concomitant pre-
medication prior to administration, to be considered
when selecting the most appropriate treatment.1

Two key aspects involved in DMT decisions

include the comparative efficacy and associated
safety profile of each therapy.2 The safety profile
can also adversely affect the tolerability of, and adher-
ence to, DMTs when used long term.3 A previous sys-
tematic assessment of DMTs widely used in the
treatment of MS found that the most common toler-
ability issues for legacy injectables were flu-like
symptoms and injection-site reactions, or gastrointes-
tinal symptoms for some oral therapies.3,4

Ofatumumab is the first fully human anti-CD20
monoclonal antibody approved for the treatment of
relapsing MS (RMS).5,6 Ofatumumab induces B-cell

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further

permission provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/open-access-at-sage).

*Affiliation at the time of this
study.

Correspondence to:
John Kramer,
Vanderbilt MS Center,
Nashville, TN 37205,
USA.
jfkramer75@gmail.com

John Kramer,
Vanderbilt MS Center,
Nashville, TN, USA

Ralf Linker,
Klinik und Poliklinik für
Neurologie,
Universitätsklinikum

Original Research Article

Multiple Sclerosis Journal—
Experimental, Translational
and Clinical

October–December 2023,
1–12

DOI: 10.1177/
20552173231203816

© The Author(s), 2023.
Article reuse guidelines:
sagepub.com/journals-
permissions

https://orcid.org/0000-0003-1799-8623
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
mailto:jfkramer75@gmail.com
https://us.sagepub.com/en-us/journals-permissions
https://us.sagepub.com/en-us/journals-permissions
http://crossmark.crossref.org/dialog/?doi=10.1177%2F20552173231203816&domain=pdf&date_stamp=2023-10-10


depletion through binding to two regions on a unique,
conformational epitope of the CD20 receptor.7–9 This
region includes the large and small extracellular
loops, leading to strong binding affinity and a slow
off-rate.10 Ofatumumab induces efficient B-cell
depletion through complement pathway-dependent
cytotoxicity and antibody-dependent cell-mediated
toxicity.8,9,11–13 Pharmacokinetic studies and the
clinical development programme have determined
that the optimum dosing of subcutaneous (SC)
ofatumumab for B-cell depletion is 20 mg every 4
weeks, following loading doses given at weeks 0,
1, 2 and 4.8,12 The pivotal ASCLEPIOS I and II
teriflunomide-controlled phase 3 trials, lasting up
to 30 months, met their primary efficacy endpoint
of adjusted annualized relapse rate (ARR) being
significantly lower in the ofatumumab group than
the teriflunomide arm (ASCLEPIOS I ARR: ofatu-
mumab= 0.11, teriflunomide= 0.22, p < 0.001;
ASCLEPIOS II ARR: ofatumumab= 0.1, terifluno-
mide= 0.25, p < 0.001).9 Thus far, ofatumumab has
shown a favourable safety profile with no new
safety risks being identified in open-label extension
(OLE) studies.7–9,11

Injection-related reactions (IRRs) are the most fre-
quently reported adverse event (AE) in the ofatumu-
mab clinical development programmes,7–9,14,15

highlighting the need to further investigate its toler-
ability. Phase 2 trials suggested that most IRRs were
mild to moderate in severity, primarily occurring
after the first ofatumumab dose.14,15 In APLIOS,
which determined the bioequivalence of ofatumumab
between prefilled syringe and autoinjector administra-
tion methods, IRRs affected 25.0% of patients after
first injection, 8.1% after the second and less than
2.8% in subsequent doses.8 The most common sys-
temic IRRs were headache (12.7%), chills (8.8%)
and fever (8.5%), with the majority resolving within
48 h.8 In the phase 3 ASCLEPIOS I and II trials,
IRRs, defined as occurring within the first 24 h after
injection, affected 20.2% of the ofatumumab group,
compared with 15.0% receiving teriflunomide with
a placebo injection.9,11 Across these two pivotal
trials, IRRs were most frequent after the first ofatu-
mumab dose; they were predominantly mild to
moderate and most resolved without medical inter-
vention.7–9,11 A trial investigating intravenous
(IV) ofatumumab demonstrated a higher incidence
of systemic IRRs16 than SC administration.7–9,11

Long-term investigation of the tolerability profile
and management of IRRs in SC ofatumumab treat-
ment would further inform developments in clinical
care.

The ongoing OLE study of ofatumumab, ALITHIOS,
includes patients from the phase 2 APLIOS and
APOLITOS studies, along with ASCLEPIOS I
and II. Herein, we utilize data from the overall
safety population and post-marketing surveillance
to conduct an analysis of ofatumumab’s tolerabil-
ity profile, to expand on existing data from
pivotal trials and inform the clinical community
better.

Materials and methods

Clinical development programme and OLE trial
designs and patients
Following the four trials in the sponsor’s (Novartis
Pharma AG) clinical programme investigating ofatu-
mumab (ASCLEPIOS I and II [NCT02792218 and
NCT02792231],9 APLIOS [NCT03560739]8 and
APOLITOS [NCT03249714]7), patients could choose
to enter the OLE ALITHIOS (NCT03650114).

The trial design, inclusion and exclusion criteria,
description of the safety follow-up period, patient
demographics and RMS characteristics for
ASCLEPIOS I and II, APLIOS and APOLITOS
have been described previously.7–9 The OLE
ALITHIOS started in December 2018. The tolerabil-
ity data from ALITHIOS included in this manuscript
are derived from a data cut-off of 25 September 2021.
For patients randomized to ofatumumab in
ASCLEPIOS I and II, this is a cumulative ofatumu-
mab exposure of up to 4 years with a median exposure
of 35.8 months.

ALITHIOS trial oversights: Standard protocol
approvals, registrations and patient consent
ALITHIOS was designed by the sponsor Novartis and
is being conducted in accordance with the
International Conference on Harmonisation guide-
lines for Good Clinical Practice, local regulatory
requirements and the principles of the Declaration
of Helsinki.17,18 The trial protocol was approved by
an independent ethics committee or institutional
review board for each trial site, and all patients pro-
vided written informed consent before starting trial-
related procedures.

IRR analysis populations in the ofatumumab clinical
development programme
The overall safety population for this analysis
includes data from 1969 patients with MS, summar-
ized in Figure 1. Patients treated with ofatumumab
in ASCLEPIOS I and II, APLIOS or APOLITOS,
regardless of whether they enrolled in the OLE

Regensburg, Regensburg,
Germany

David Paling,
Academic Department of
Neuroscience, Sheffield
NIHR Neuroscience BRC,
Sheffield Teaching Hospital
NHS Foundation Trust,
Sheffield, UK

Adam Czaplinski,
Neurologie FMH, Bellevue
Medical Group, Zürich,
Switzerland

Olaf Hoffmann,
Klinik für Neurologie,
Alexianer St. Josefs–
Krankenhaus Potsdam,
Potsdam, Germany
NeuroCure, Charite-
Universitätsmedizin Berlin,
Berlin, Germany
Medizinische Hochschule
Brandenburg Theodor
Fontane, Neuruppin,
Germany

V Wee Yong,
Clinical Neurosciences and
Oncology, Arnie
Charbonneau Cancer
Institute, University of
Calgary, Calgary, AB,
Canada

Noreen Barker,
The National Hospital for
Neurology and
Neurosurgery, Queen
Square, London, UK

Amy Perrin Ross,
Neuroscience Program,
Loyola University Medical
Center, Maywood, IL, USA

Elisabeth Lucassen,
Novartis Pharma AG, Basel,
Switzerland

Mohammad Gufran,
Novartis Healthcare Pvt. Ltd,
Hyderabad, India

Xixi Hu,
Novartis Pharmaceuticals
Corporation, East Hanover,
NJ, USA

Ronald Zielman,
Gustavo Seifer,
Novartis Pharma AG, Basel,
Switzerland

Patrick Vermersch,
Univ. Lille, Inserm U1172
LilNCog, CHU Lille, FHU
Precise, Lille, France

Multiple Sclerosis Journal—Experimental, Translational and Clinical

2 www.sagepub.com/msjetc



ALITHIOS, comprise the continuous ofatumumab
group. Patients randomized to teriflunomide in
ASCLEPIOS I and II and switching to ofatumumab
upon enrolment in ALITHIOS comprise the newly
switched group.

Trial IRR data collection
In the trial population, investigators reported IRRs as
either systemic or local-site IRRs. By definition, sys-
temic IRRs occurred within 24 h after administration
of the injection and were assumed to be injection-
related. Local-site IRRs around the injection site
could be reported without time limit. IRR severity
was recorded using the Common Terminology
Criteria for Adverse Events (CTCAE) grading
and categorized as: mild (grade 1), moderate
(grade 2), severe (grade 3) or life threatening
(grade 4).19

The proportions of patients with systemic and local-
site IRRs were analysed by treatment group, against
the injection sequence number (injections 1–10), as
well as cumulatively across all injections. At the
discretion of trial investigators, patients were pre-
scribed pre-medication prior to ofatumumab adminis-
tration, in the form of steroids (methylprednisolone
100 mg or equivalent), acetaminophen or anti-histamines
(over-the-counter medications). Pre-medication
was not mandatory, and some patients were not pre-
scribed any. The incidences of IRRs by pre-
medication category, severity, symptoms and injec-
tion sequence number were also assessed. Patients
received the first four injections in a clinical
setting under medical supervision; following this,
most patients self-administered ofatumumab at
home.

Post-marketing surveillance for IRRs
The post-marketing data cover the period from ofatu-
mumab US Food and Drug Administration approval
for RMS, 20 August 2020, to a cut-off on 25 March
2022. In the post-marketing setting, reports are often
non-specific or incomplete. As such, a broad search
strategy was used, and further evaluation was per-
formed to identify true cases of systemic IRRs. The
post-marketing data were taken from a global cohort
and identified using Medical Dictionary for
Regulatory Activities search terms. Cases identified
were specific IRRs immediately post-injection, or pre-
senting a plausible temporal association within 24 h.
Cases likely due to confounding factors, such as
infection, RMS relapse or concurrent illness, were
excluded. The medical review contained all fatal
and life-threatening events received from both health-
care professionals (HCPs) and non-HCPs, including
patients and caregivers, along with other medically
confirmed serious injection reactions. Cytokine
release syndrome and hypersensitivity are presented
as a standalone topic, to differentiate potential cases
from systemic or localized IRRs.

Results

Summary of patient demographics
Baseline patient demographics and disease character-
istics have been previously reported for ASCLEPIOS
I and II,9 APLIOS8 and APOLITOS.7 The baseline
demographics for the 1969 patients in the safety
analysis population are described in Table 1. In
the overall safety population, 86.5% of patients
(n= 1703) were enrolled in the OLE ALITHIOS.11

Across the safety population, the mean (standard
deviation [SD]) age of patients was 38.7 (9.2) years,

Figure 1. Patient disposition of safety analysis set. Patients were either randomized to or switched to ofatumumab during
the core study. PY: patient-year.

Kramer et al.

www.sagepub.com/msjetc 3



and 68.3% of patients (n= 1345) were female. Mean
(SD) time since diagnosis was 6.4 (6.2) years and
since symptom onset was 9.0 (7.3) years, while
mean (SD) Expanded Disability Status Scale score
was 2.9 (1.4).

IRR analysis populations in ofatumumab clinical
development programme
The overall safety population comprised 1292
patients in the continuous ofatumumab group and
677 patients in the newly switched ofatumumab
group. The patient populations, preceding trial and
ofatumumab treatment history are summarized in
Figure 1. The total safety population incorporated
data from 5197.9 patient-years (PY): 3831.6 PY
from the continuous ofatumumab and 1366.2 PY
from the newly switched ofatumumab groups.

Compliance was high, with 94.9% of patients (n=
1868) compliant with therapy in the overall safety
population, at a cut-off of 25 September 2021. The
compliance was similar between the continuous
(95.1% [n= 1229]) and newly switched (94.4% [n=
639]) groups.

Summary of systemic IRRs incidence and severity
Across the safety population, the incidence of at least
one systemic IRR across any injection was observed
in 24.7% of patients (n= 487) and was similar
between the continuous and newly switched ofatumu-
mab groups, at 25.7% (n= 332) and 22.9% (n= 155),
respectively. Systemic IRRs were highest with the
first ofatumumab administration, with a similar inci-
dence occurring in the continuous ofatumumab
(17.0% [n= 219]) and newly switched ofatumumab

groups (18.3% [n= 124]). The incidence decreased
substantially with subsequent injections, as shown
in Figure 2. Nearly all systemic IRRs were CTCAE
mild to moderate in severity (99.2% [483/487]) and
non-serious (99.4% [484/487]). There were 0.3% of
patients (5/1969) with systemic IRRs who discontin-
ued ofatumumab treatment; 4/677 (0.6%) in the
newly switched group with mild or moderate systemic
IRRs and 1/1292 (0.1%) in the continuous group with
a severe IRR. There were no life-threatening IRRs or
instances of cytokine release syndrome reported.
Approximately 8.5% of participants (166/
1963) experienced more than one systemic IRR, as
summarized in Table 2.

The most common symptoms related to systemic
IRRs in the overall safety population were fever
(10.1% [n= 199]), headache (8.1% [n= 160]) and
chills (6.5% [n= 128]), as summarized in Table 3.
These were the three most common symptoms in
both the continuous and newly switched groups.

Summary of systemic IRR severity by pre-medication
group
Prior to the first ofatumumab dose, 65.1% of patients
(n= 1281) in the safety population received steroids,
9.6% (n= 190) received only non-steroidal pre-
medication and 25.3% (n= 498) took no pre-
medication. In general, the percentage of patients
using pre-medication decreased by injection
number, as summarized in Figure 3. Across the
safety population, 74.7% of patients (1471/1969)
took pre-medication for the first ofatumumab injec-
tion, 28.3% (555/1963) for the second and 23.8%
(465/1956) for the third. The incidence of systemic

Table 1. Demographics and disease characteristics (safety analysis set).

Continuous
ofatumumab (n= 1292)

Newly switched
ofatumumab (n= 677)

Overall safety
population (n= 1969)

Age (years), mean (SD) 38.0 (9.1) 40.1 (9.2) 38.7 (9.2)
Female sex, no. (%) 889 (68.8) 456 (67.4) 1345 (68.3)
Weight (kg), mean (SD) 73.4 (19.1) 73.7 (18.3) 73.5 (18.8)
BMI (kg/m2), mean (SD) 25.6 (6.2) 25.6 (5.8) 25.6 (6.1)
Time since symptom onset
(years), mean (SD)

8.5 (7.3) 9.9 (7.2) 9.0 (7.3)

Time since diagnosis
(years), mean (SD)

5.9 (6.3) 7.3 (6.0) 6.4 (6.2)

EDSS score, mean (SD) 2.9 (1.3) 2.8 (1.5) 2.9 (1.4)

Baseline characteristics are from first dosing of investigational product in ASCLEPIOS I or II, APLIOS
or APOLITOS for both continuous and newly switched patients.
BMI: body mass index; EDSS: Expanded Disability Status Scale; SD: standard deviation.
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IRRs by pre-medication category and injection
number can be found in Supplementary Material; sys-
temic IRRs were predominantly mild and occurring
after the first injection. The severity of systemic
IRRs experienced across all injections did not differ
substantially by pre-medication group, or between
continuous ofatumumab and newly switched ofatu-
mumab patients, as shown in Figure 4.

Most systemic IRRs were mild to moderate in
CTCAE severity
Of the 1292 patients taking continuous ofatumumab,
74.9% (n= 968) took steroidal pre-medication prior

to at least one ofatumumab injection, along with
62.8% of the newly switched group (n= 425).
Furthermore, 41.5% of patients (n= 536) taking con-
tinuous ofatumumab took only non-steroidal pre-
medication before at least one injection, as did
31.2% of the newly switched patients (n= 211).
Between the continuous and newly switched groups
and pre-medication types, systemic IRRs were
broadly similar in incidence, with the majority
reported as grade 1 or 2 in CTCAE severity.

Before at least one of the ofatumumab injections,
93.0% of patients (n= 1201) in the continuous

Figure 2. Incidence of systemic IRRs by injection and severity in (a) the overall safety population, (b) the continuous
ofatumumab group and (c) the newly switched ofatumumab group. IRR: injection-related reaction.
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ofatumumab group and 96.0% (n= 650) in the newly
switched group did not premedicate. Systemic IRR
incidence was similar between groups and most sys-
temic IRRs were reported as grade 1 or 2 in severity.

Summary of local-site IRRs by treatment group
Overall, local-site IRRs affected 11.8% of patients (n
= 233) in the safety population, with similar inci-
dences in the continuous ofatumumab and newly
switched groups, at 13.5% (n= 175) and 8.6% (n=
58), respectively. Local-site IRRs were typically
mild, as shown in Figure 5.

Local-site IRRs were nearly all mild to moderate
(99.6% [232/233]) in severity and non-serious
(99.6% [232/233]); one patient reported a grade 3
local-site IRR and none were life-threatening. One
patient in the newly switched group discontinued
treatment owing to grade 1 local-site IRRs of ery-
thema, swelling and pain.

The most common local-site IRR symptoms were
similar in frequency in the continuous and newly
switched ofatumumab groups, as shown in Table 4.
The three most common local-site IRRs in the

overall safety population include erythema/redness
affecting 6.7% (n= 132) and pain at the injection
site affecting 3.9% (n= 76) of patients. Between the
continuous and newly switched groups, the incidence
of local-site IRR symptoms was similar.
Approximately 6.1% of participants (120/1963)
experienced more than one localized IRR, as summar-
ized in Table 2.

IRRs in post-marketing surveillance data
Post-marketing surveillance covered an estimated
cumulative post-marketing exposure of 18,530 PY,
until 25 March 2022. Cumulatively, there were
4855 cases of possible systemic IRRs; 178 of which
were serious and 4677 were non-serious. Of the 178
serious cases, 39 were HCP confirmed. These cases
were then further HCP-evaluated to confirm if they
were true or potential systemic IRRs. Of these
HCP-confirmed cases, 14 true or potential systemic
IRRs were identified in total, 13 patients were hospi-
talized, and one did not require hospital care.
Reported symptoms in more than two of these cases
included pyrexia, chills and fatigue. There were no
medically confirmed life-threatening or fatal systemic
IRRs identified in the surveillance period. Potential

Table 2. Number of participants experiencing more than one systemic or localized IRR.

Multiple IRRs
Continuous ofatumumab
(n= 1288)

Newly switched
ofatumumab (n= 675)

Overall safety population
(n= 1963)

Systemic 9.9 (128) 5.6 (38) 8.5 (166)
Localized 6.8 (88) 4.7 (32) 6.1 (120)

All data are shown as % (n).
IRR: injection-related reaction.

Table 3. Incidence of symptoms >5% in overall safety population related to systemic IRRs.

Symptoms
Continuous ofatumumab
(n= 1292)

Newly switched
ofatumumab (n= 677)

Overall safety population
(n= 1969)

No symptoms 74.3 (960) 77.1 (522) 75.3 (1482)
Any symptoms 25.7 (332) 22.9 (155) 24.7 (487)
Fever 8.9 (115) 12.4 (84) 10.1 (199)
Headache 8.8 (114) 6.8 (46) 8.1 (160)
Chills 5.8 (75) 7.8 (53) 6.5 (128)
Other, systemic 7.7 (100) 3.2 (22) 6.2 (122)
Fatigue 5.0 (65) 5.0 (34) 5.0 (99)

All data are shown as % (n).
IRR: injection-related reaction.
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local-site IRRs were reported in 566 patients; 99.3%
(n= 562) were non-serious and the most common
event was injection-site pain (n= 188). The review
did not identify new safety risks from ofatumumab
administration in a post-marketing setting.

Discussion
The overall safety population included data from
1969 patients with an exposure of 5197.9 PY.
Findings suggest that most ofatumumab-associated
IRRs are mild in nature and occurred after first injec-
tion, consistent with the clinical development pro-
gramme and ongoing post-marketing surveillance.7–
9 This analysis included patients taking continuous
ofatumumab (median: 35.8 months) and patients
newly switched from the teriflunomide group in
ASCLEPIOS I/II upon entering ALITHIOS. Nearly
all systemic IRRs were mild to moderate in severity,
with no substantial difference exhibited between the
continuous and newly switched ofatumumab groups.4

Side effects and poor tolerability are primary reasons
for discontinuation of DMTs in patients with RMS.4

Gastrointestinal symptoms are notable with oral ther-
apies, such as dimethyl fumarate, and flu-like symp-
toms are frequently experienced with injectables,
such as interferon-beta, and lipoatrophy is frequently
experienced with glatiramer acetate treatment.4,20,21

In clinical practice, 32–46% of patients discontinue
oral or injectable DMTs within 5–31 months after ini-
tiation.4 Conversely, in this tolerability analysis for
ofatumumab, only 0.3% of patients with systemic
IRRs in the overall safety population discontinued

ofatumumab, suggesting a favourable and differen-
tiated tolerability profile for ofatumumab.

Intravenously administered anti-CD20 B-cell-
depleting therapies show varied tolerability profiles
and require a higher dose that is administered in a
clinical setting.8,22,23 Infusion-related AEs were
reported in 78.3% of participants (54/69) within
24 h after rituximab administration. This contrasts
with the lower incidences of ocrelizumab infusion-
related reactions reported during the OPERA I and II
trials (30.9% [126/408] and 37.6% [157/417], respect-
ively) and the incidence of ofatumumab systemic
IRRs during the ALITHIOS trial (24.8% [487/
1969]). The majority of AEs being mild to moderate
(CTCAE grade 1 or 2) in severity was consistent
across all three anti-CD20 B-cell-depleting therapies
(summarized in Table 5).11,22,24

In contrast to ocrelizumab, in vitro studies indicate
that B-cell depletion by ofatumumab is mediated to
a greater degree by complement-dependent cytotox-
icity than by antibody-dependent cellular cytotox-
icity.25,26 Furthermore, animal models have
demonstrated that SC administration results in a pro-
longed release and absorption profile, primarily via
the lymphatic system, enabling gradual interaction
with B cells.27,28 The distinct pharmacokinetic and
pharmacodynamic properties of ofatumumab may
account for the efficacy of ofatumumab on B-cell
depletion and clinical outcomes, utilizing a low dose
and SC formulation, and could explain its positive tol-
erability profile.8,9,11,12

Figure 3. Proportion of pre-medication type administration by ofatumumab injection number.
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Consistent with other anti-CD20 B-cell-depleting
therapies, the incidence of IRRs was highest follow-
ing the first dose compared with subsequent doses,
with no substantial difference between the continu-
ous and newly switched ofatumumab groups.22–24

At the discretion of the trial clinician, patients were
prescribed steroids, non-steroidal over-the-counter
drugs or no pre-medication prior to ofatumumab
injection, and medication was predominantly given
prior to first injection. The tolerability analysis sug-
gests a minimal impact of steroidal pre-medication
on the reduction of systemic or local IRR incidence

and severity, compared with the non-steroidal or
no pre-medication groups. Systemic IRRs were pre-
dominantly mild and occurred after the first injection
in all pre-medication categories. Steroid-associated
AEs overlapped with ofatumumab systemic IRRs,
which could have confounded AE reporting, yet
the incidence of IRRs was not clinically different.
If experienced, IRRs were predominantly mild and
most commonly included a fever, which could be
treated through utilizing non-steroidal antipyretics
such as acetaminophen after ofatumumab adminis-
tration, if required. Because pre-medication was

Figure 4. Severity of systemic IRRs by pre-medication in the (a) overall safety population, (b) continuous ofatumumab
group and (c) newly switched ofatumumab group. The number of patients taking pre-medication is the number of patients
taking pre-medication prior to at least one injection. (n/N) n= number of patients with systemic IRR, N= number of patients
taking pre-medication type in population. IRR: injection-related reaction.
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given at the discretion of the trial clinician, the
potential for bias cannot be excluded.6

The lack of need for IV steroid pre-medication during
ofatumumab treatment, and its good tolerability and
safety profile may facilitate DMT access and inde-
pendent management of RMS by patients.11,29

Interim analyses from patient-satisfaction research

highlights that a DMT with convenient administration
that fits “seamlessly into their lifestyle” and does not
induce side effects that “interfere with daily life” is of
great importance. Ofatumumab is an at-home, auto-
injected DMT, with a small dose volume, enabling
convenient self-administration,8 which may reduce
the need for IV-administration infrastructure and time
burdens to receive care for patients. Furthermore, SC

Figure 5. Incidence of local-site IRRs by severity. IRR: injection-related reaction.

Table 4. Incidence of symptoms in >2% of treatment group related to local-site IRRs.

Symptoms
Continuous ofatumumab
(n= 1292)

Newly switched ofatumumab
(n= 677)

Overall safety population
(n= 1969)

No symptoms 86.5 (1117) 91.4 (619) 88.2 (1736)
Any symptoms 13.5 (175) 8.6 (58) 11.8 (233)
Erythema/redness 7.7 (99) 4.9 (33) 6.7 (132)
Pain 4.2 (54) 3.2 (22) 3.9 (76)
Other/site 4.3 (56) 1.6 (11) 3.4 (67)
Itching 2.9 (37) 2.7 (18) 2.8 (55)
Induration/swelling 2.5 (32) 1.9 (13) 2.3 (45)

All data are shown as % (n).
IRR: injection-related reaction.

Kramer et al.

www.sagepub.com/msjetc 9



T
ab

le
5.

T
ol
er
ab
ili
ty

pr
ofi

le
of

se
le
ct
ed

an
ti-
C
D
20

m
on

oc
lo
na
l
an
tib

od
y
th
er
ap
eu
tic
s
fo
r
M
S
.

T
he
ra
pe
ut
ic

D
os
e

R
ou

te
of

ad
m
in
is
tr
at
io
n

M
on

oc
lo
na
l

an
tib

od
y
ty
pe

K
ey

to
le
ra
bi
lit
y
da
ta

fr
om

cl
in
ic
al

de
ve
lo
pm

en
t

pr
og

ra
m
m
e

N
ee
d
fo
r
pr
e-
m
ed
ic
at
io
n

O
fa
tu
m
um

ab
T
hr
ee

lo
ad
in
g
do

se
s

of
20

m
g
at

da
ys

1,
8
an
d
15

20
m
g
ev
er
y
4

w
ee
ks

S
ub

cu
ta
ne
ou

s
au
to
in
je
ct
or

F
ul
ly

hu
m
an

•
A
L
IT
H
IO

S
:
S
ys
te
m
ic

IR
R
s
af
fe
ct
ed

24
.8
%

of
ov

er
al
l
sa
fe
ty

po
pu

la
tio

n1
1

•
A
S
C
L
E
P
IO

S
I/
II
:
S
ys
te
m
ic

IR
R
s
af
fe
ct
ed

20
.2
%

of
pa
tie
nt
s
re
ce
iv
in
g
of
at
um

um
ab

an
d
15

.0
%

of
te
ri
fl
un

om
id
e
gr
ou

p9

•
A
P
O
L
IT
O
S
:
S
ys
te
m
ic

IR
R
s
af
fe
ct
ed

20
.9
%

of
of
at
um

um
ab
-t
re
at
ed

pa
tie
nt
s
an
d
19

.0
%

of
pa
tie
nt
s
re
ce
iv
in
g
pl
ac
eb
o7

•
A
P
L
IO

S
:
S
ys
te
m
ic

IR
R
s
af
fe
ct
ed

25
.0
%

of
pa
tie
nt
s
in

fi
rs
t
do

se
,
8.
1%

in
th
e
se
co
nd

an
d

<
2.
8%

in
th
e
th
ir
d
in
je
ct
io
n8

A
t
di
sc
re
tio

n
of

cl
in
ic
ia
n

IV
st
er
oi
ds
,
or
al

an
ti-
hi
st
am

in
es

or
ac
et
am

in
op

he
n

O
cr
el
iz
um

ab
T
w
o
lo
ad
in
g
do

se
s
of

30
0
m
g
at

da
ys

1
an
d
15

T
w
o
30

0
m
g

in
fu
si
on

s
14

da
ys

ap
ar
t,
ev
er
y
6

m
on

th
s

IV
in
fu
si
on

H
um

an
iz
ed

•
O
P
E
R
A

I/
II
:
In
fu
si
on

-r
el
at
ed

re
ac
tio

ns
,

re
sp
ec
tiv

el
y,

af
fe
ct
ed

30
.9
%

an
d
37

.6
%

of
pa
tie
nt
s
re
ce
iv
in
g
oc
re
liz
um

ab
co
m
pa
re
d
w
ith

7.
3%

an
d
12

.0
%

of
pa
tie
nt
s
in

th
e

in
te
rf
er
on

-b
et
a-
1a

gr
ou

p2
2

•
O
R
A
T
O
R
IO

:
In
fu
si
on

-r
el
at
ed

re
ac
tio

ns
af
fe
ct
ed

39
.9
%

of
pa
tie
nt
s
re
ce
iv
in
g
oc
re
liz
um

ab
co
m
pa
re
d
w
ith

25
.5
%

of
th
e
pl
ac
eb
o
gr
ou

p2
3

Y
es IV

st
er
oi
ds

an
d
or
al
an
ti-
hi
st
am

in
es

R
itu

xi
m
ab

T
w
o
lo
ad
in
g
do

se
s
of

10
00

m
g
at

da
ys

0
an
d
14

IV
in
fu
si
on

C
hi
m
er
ic

•
P
ha
se

2,
do

ub
le
-b
lin

d,
pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l

H
E
R
M
E
S
:
In
fu
si
on

-r
el
at
ed

A
E
s
oc
cu
rr
ed

in
78

.3
%

of
pa
tie
nt
s
re
ce
iv
in
g
ri
tu
xi
m
ab

an
d
40

.0
%

of
pa
tie
nt
s
re
ce
iv
in
g
pl
ac
eb
o,

24
h
af
te
r
fi
rs
t

ad
m
in
is
tr
at
io
n.

T
hi
s
re
du

ce
d
in

th
e
se
co
nd

in
fu
si
on

of
ri
tu
xi
m
ab

to
20

.3
%

an
d
w
as

co
ns
is
te
nt

at
40

.0
%

in
th
e
pl
ac
eb
o
gr
ou

p2
8

•
O
f
th
e
pa
tie
nt
s
in

th
e
ri
tu
xi
m
ab

gr
ou

p
ex
pe
ri
en
ci
ng

in
fu
si
on

-r
el
at
ed

A
E
s,
92

.6
%

re
po

rt
ed

th
em

to
be

m
ild

to
m
od

er
at
e
(C
T
C
A
E

gr
ad
e
1
or

2)
in

se
ve
ri
ty

2
8

Y
es O
ra
l
an
ti-
hi
st
am

in
es

an
d
ac
et
am

in
op

he
n

A
E
:
ad
ve
rs
e
ev
en
t;
C
T
C
A
E
:
C
om

m
on

T
er
m
in
ol
og
y
C
ri
te
ri
a
fo
r
A
dv
er
se

E
ve
nt
s;
IR
R
:
in
je
ct
io
n-
re
la
te
d
re
ac
tio

n;
IV

,
in
tr
av
en
ou
s;
M
S
:
m
ul
tip

le
sc
le
ro
si
s.

Multiple Sclerosis Journal—Experimental, Translational and Clinical

10 www.sagepub.com/msjetc



administration is preferred by patients, compared with
IV delivery,30 further supported by the high patient com-
pliance with ofatumumab in this study. However,
common reasons for injectable DMT non-adherence
include injection anxiety and difficulty with self-
administration;21 thus, patients need sufficient support
and education.

In conclusion, data from the overall safety population
and post-marketing surveillance suggest that ofatu-
mumab has a favourable tolerability profile. Formal
pre-medication to reduce IRRs is not required and,
if experienced, systemic IRRs are predominantly
mild and experienced after the first injection.
Ofatumumab allows at-home management of RMS
to reduce the treatment burden for patients and HCPs.
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