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Introduction
Disease-modifying therapies (DMTs) for multiple scle-
rosis (MS) include anti-CD20 monoclonal antibodies 
(mAbs). These highly effective treatments target 
B-cells and a small subset of CD20-expressing T-cells, 
causing their rapid depletion.1–3 Various anti-CD20 
mAbs, such as rituximab, ocrelizumab, ublituximab, 

and ofatumumab, demonstrate differences in epitope 
binding and induction of immune response.4,5

Ofatumumab is the first fully human anti-CD20 mAb 
for the treatment of MS and, owing to its unique bind-
ing site, has a mode of action that is different to those 
of other anti-CD20 mAbs. Ofatumumab binds to two 
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Abstract
Background: Ofatumumab, the first fully human anti-CD20 monoclonal antibody, is approved in several 
countries for relapsing multiple sclerosis (RMS).
Objective: To demonstrate the bioequivalence of ofatumumab administered by an autoinjector versus a 
pre-filled syringe (PFS) and to explore the effect of ofatumumab on B-cell depletion.
Methods: APLIOS (NCT03560739) is a 12-week, open-label, parallel-group, phase-2 study in patients 
with RMS receiving subcutaneous ofatumumab 20 mg every 4 weeks (q4w) (from Week 4, after initial 
doses on Days 1, 7, and 14). Patients were randomized 10:10:1:1 to autoinjector or PFS in the abdomen, 
or autoinjector or PFS in the thigh, respectively. Bioequivalence was determined by area under the curve 
(AUCτ) and maximum plasma concentration (Cmax) for Weeks 8–12. B-cell depletion and safety/tolerabil-
ity were assessed.
Results: A total of 256 patients contributed to the bioequivalence analyses (autoinjector-abdomen, n = 
128; PFS-abdomen, n = 128). Abdominal ofatumumab pharmacokinetic exposure was bioequivalent for 
autoinjector and PFS (geometric mean AUCτ, 487.7 vs 474.1 h × µg/mL (ratio 1.03); Cmax, 1.409 vs 1.409 
µg/mL (ratio 1.00)). B-cell counts (median cells/µL) depleted rapidly in all groups from 214.0 (baseline) 
to 2.0 (Day 14). Ofatumumab was well tolerated.
Conclusion: Ofatumumab 20 mg q4w self-administered subcutaneously via autoinjector is bioequivalent 
to PFS administration and provides rapid B-cell depletion.
Keywords: Ofatumumab, bioequivalence, pharmacokinetics, pre-filled syringe, autoinjector pen, mul-
tiple sclerosis
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distinct, non continuous regions on a unique confor-
mational epitope of the CD20 receptor, including the 
small and large extracellular loops.6 This results in a 
slower off-rate and an increased binding affinity com-
pared with previously developed anti-CD20 mAbs.1 
These properties allow induction of B-cell lysis, pri-
marily occurring through pronounced complement-
dependent cytotoxicity and efficient B-cell 
depletion.6–8 Ofatumumab has similar clinical effi-
cacy to, and more favorable safety and tolerability 
profiles than other highly efficacious mAb DMTs (i.e. 
alemtuzumab, natalizumab, and ocrelizumab).2,9–13

Previously approved anti-CD20 mAb treatments cannot 
be easily and conveniently used by the patient at home 
and are typically administered in infusion centers for 
ease of safety monitoring.14 In contrast, ofatumumab 
has been developed for subcutaneous self-administra-
tion at home at monthly doses of 20 mg (in 0.4 mL).1

In the phase-3 ASCLEPIOS I/II trials in patients with 
relapsing multiple sclerosis (RMS), ofatumumab 20 mg 
administered subcutaneously every 4 weeks (q4w) was 
superior to oral teriflunomide 14 mg once daily, with 
greater reductions in relapse rates, close to complete 
abrogation of focal inflammatory disease activity on 
magnetic resonance imaging (MRI), and greater delays 
in disability worsening.1 The majority of patients self-
injected ofatumumab at home with a pre-filled syringe 
(PFS) after training and following the initial doses, 
which were administered under medical supervision.1

Subcutaneous self-administration of ofatumumab in a 
nonclinical setting may offer advantages for patients, 
such as flexibility and convenience, as well as time 
and cost savings, owing to the avoidance of infusion 
procedures. An autoinjector (AI) pen could help facil-
itate self-administration at home, thus further reduc-
ing treatment burden on patients.

APLIOS was a 12-week, open-label, phase-2 study in 
patients with RMS designed to test bioequivalence 
between ofatumumab 20 mg q4w administered sub-
cutaneously by a PFS and by an AI pen. The course of 
B-cell depletion associated with ofatumumab treat-
ment and MRI lesion activity were explored to char-
acterize the effects of ofatumumab further.

Methods

Trial oversight: standard protocol approvals, 
registrations, and patient consents
The APLIOS study (NCT03560739) was conducted 
in accordance with the International Conference on 

Harmonisation guidelines for Good Clinical 
Practice,15 local regulatory requirements, and the 
principles of the Declaration of Helsinki.16 The study 
protocol was approved by an independent ethics com-
mittee or institutional review board for each study 
site, and all patients provided written informed con-
sent before commencing trial-related procedures.

Study design and patients
APLIOS was a randomized, open-label, multicenter, 
parallel-group, 12-week, phase-2 study conducted at 
30 centers in nine countries (Austria, Bulgaria, Czech 
Republic, Estonia, Latvia, Lithuania, Russian 
Federation, Spain, and the United States). A parallel-
group, rather than a traditional crossover pharmacoki-
netic (PK), study design was used to avoid potential 
carry-over treatment effects.

Key inclusion criteria were as follows: age of 18–55 
years; a diagnosis of MS according to the 2010 revised 
McDonald criteria,17 and RMS (relapsing–remitting 
MS or secondary progressive multiple sclerosis 
(SPMS) with disease activity) as defined by Lublin 
et al.;18 an Expanded Disability Status Scale score of 
0–5.5 (inclusive); a history of at least one relapse or a 
gadolinium-enhancing (Gd+) T1 lesion in the previ-
ous year, or of two relapses in the previous 2 years; 
and neurologically stable disease in the month before 
randomization.

Key exclusion criteria were as follows: primary pro-
gressive MS or SPMS without disease activity; 
immune system diseases other than MS; an immuno-
deficiency syndrome; active systemic infections; and 
suspected or confirmed progressive multifocal leu-
koencephalopathy. Pregnant or lactating women and 
women of childbearing potential, unless using highly 
effective methods of contraception, were also 
excluded. A full list of exclusion criteria is given in 
the Supplementary Appendix.

Study procedures
Using interactive response technology, eligible patients 
were randomly assigned in a 10:10:1:1 ratio, respec-
tively, to one of the following four groups (all using 20 
mg subcutaneous injection): (1) AI-abdomen—injection 
with AI pen administered in the abdomen; (2) PFS-
abdomen—injection with PFS administered in the abdo-
men; (3) AI-thigh—injection with AI pen administered 
in the thigh; and (4) PFS-thigh—injection with PFS 
administered in the thigh. The primary comparison was 
between AI-abdomen and PFS-abdomen. Comparison 
between abdomen and thigh groups was performed for 
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PK profiles, with no formal testing. Randomization was 
stratified by body weight (<60, 60–90, and >90 kg) to 
ensure a balanced distribution between groups, thus lim-
iting the potential effect of weight on the primary end-
points in this parallel-group design.

All patients received open-label ofatumumab for 12 
weeks, starting with initial 20 mg doses on Days 1, 7, 
and 14, followed by subsequent dosing of 20 mg q4w 
from Week 4 onwards (on Days 28, 56, and 84). Key 
assessment schedules included PK sampling on Days 
1, 4, 7, 14, 28, 42, 56, 57, 59, 63, 70, 77, and 84, with 
PK samples from Days 56–84 (Weeks 8–12) being 
used for bioequivalence testing; immunogenicity at 
baseline and on Days 28, 56, and 84; B-cell counts at 
baseline and on Days 1, 4, 7, 14, 28, 42, 56, and 84; and 
MRI scans at screening and on Days 28, 56, and 84.

At the end of Week 12 (study completion), eligible 
patients could continue treatment with ofatumumab 
by enrolling in an “umbrella,” open-label, phase-3b, 
extension study (ALITHIOS (NCT03650114)). 
Patients who did not enter the extension study (n = 3) 
were followed up every 3 months for at least 9 months 
or until B-cell repletion (i.e. until levels returned to 
baseline values or to the lower limit of normal (LLN, 
80 cells/µL), whichever came first) after study-drug 
discontinuation. Further information on B-cell reple-
tion following cessation of ofatumumab treatment 
will be collected as part of the ongoing ALITHIOS 
study.

Study objectives and outcome measures
The primary objective was to demonstrate bioequiva-
lence for injections of ofatumumab 20 mg in the 
abdomen administered via AI pen and those adminis-
tered via PFS. The primary endpoints were area under 
the plasma concentration–time curve over the dosing 
interval (AUCτ) and maximum plasma concentration 
(Cmax) following drug administration. Assessment of 
PK endpoints was based on data collected between 
Weeks 8 and 12, during which approximate steady-
state PK was anticipated. Plasma concentrations of 
ofatumumab were determined by validated enzyme-
linked immunosorbent assay. A modified reference-
scaled average bioequivalence approach was used to 
establish bioequivalence, as described in the statisti-
cal analysis section.

Secondary objectives included (1) comparison of PK 
profiles for ofatumumab injection in the abdomen ver-
sus the thigh; (2) assessment of ofatumumab immuno-
genicity; and (3) assessment of the safety and tolerability 
of ofatumumab. Endpoints for the secondary objectives 

included: (1) AUCτ and Cmax; (2) proportion of patients 
with anti-ofatumumab antibodies (analyzed by a Meso 
Scale Discovery electrochemiluminescence assay); and 
(3) adverse events (AEs), including injection-related 
systemic reactions (i.e. systemic reactions occurring in 
the 24 hours after an injection) and injection site reac-
tions (i.e. reactions localized to the injection site), 
abnormalities in vital signs, laboratory evaluations and 
electrocardiograms, and electronic Columbia Suicide 
Severity Rating Scale scores. AE severity was graded 
according to the Common Terminology Criteria for 
Adverse Events (CTCAE), version 5 (except change in 
serum amylase, which was assessed using version 
4.03).19

Exploratory endpoints included depletion of CD19+ 
B cells (as a surrogate for CD20+ B cells) and MRI 
parameters (including new or persistent Gd+ T1 
lesions).

Statistical analyses
A sample size of 150 patients (124 in the abdomen 
groups and 26 in the thigh groups) was calculated to 
provide at least 90% power for bioequivalence testing 
between the PFS-abdomen and AI-abdomen groups, 
assuming a PK variability not exceeding 85%, as meas-
ured by the coefficient of variation (CV). An interim 
analysis was planned to assess PK variability and to 
provide an opportunity to increase the sample size, if 
needed, so that sufficient power for bioequivalence test-
ing could be achieved even with variability being higher 
than anticipated. After review of the CV for the initial 
36 patients, the total sample size was increased to 284 
patients, randomly assigned to the AI-abdomen (n = 
128), PFS-abdomen (n = 130), AI-thigh (n = 13), and 
PFS-thigh (n = 13) groups. This was estimated to pro-
vide approximately 80% power for bioequivalence test-
ing for CVs up to approximately 240%.

Analysis of bioequivalence between abdominal PFS 
and AI pen administration was conducted using the 
reference-scaled average bioequivalence approach for 
highly variable drugs, which is recommended by the 
US Food and Drug Administration,20,21 modified for a 
parallel-group study design. Bioequivalence was 
declared if the approximate 95% upper confidence 
bound of the linearized criterion was equal to, or less 
than, 0 and if the geometric mean ratio was contained 
within the predefined limits (0.80–1.25). As per the 
protocol, bioequivalence testing was performed for 
AUCτ and Cmax separately on all patients randomized 
to the PFS-abdomen and AI-abdomen groups with 
valid PK data during the dosing interval (Weeks 8–12; 
n = 256).
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For the comparison of PK endpoints between abdomi-
nal and thigh injection locations, sample size require-
ments (26 patients, 13 per group) were based on the 
conventional size of studies of this type and considered 
dropout rate (i.e. no formal statistical testing was 
planned).

For secondary endpoints, summary statistics of ofatu-
mumab plasma concentrations by time point were 
provided for the four groups contributing to the PK 
analysis (i.e. all randomized patients with PK data 
during dose administration). Safety analyses, as well 
as analyses of B-cell and Gd+ T1 lesion data, were 
also conducted in all randomized patients who 
received at least one dose of study drug.

Statistical methods used in this study will be described 
in detail in a separate article.

Data availability statement
The APLIOS data are available on reasonable request, 
provided that the request is in line with current ethical 
and intellectual property requirements surrounding 
the use of data. Requests should be directed through 
ClinicalStudyDataRequest.com.

Results
Of the 344 patients screened, 284 were randomly 
assigned to open-label ofatumumab in one of the 
four groups. Most screening failures (57/60) were 
due to patients not meeting inclusion/exclusion cri-
teria. In total, 258 patients (i.e. both abdomen 
groups) were initially planned for inclusion in the 
bioequivalence analysis but, given that two patients 
missed the Week-8 dose, data from 256 patients 
(PFS-abdomen: n = 128; AI-abdomen: n = 128) 
were included in the bioequivalence testing. Data 
from all 284 randomized patients were included in 
the PK, safety, B-cell, and MRI analyses. Nearly all 
patients (n/N = 283/284, >99%) completed the 
study; one patient in the PFS-abdomen group dis-
continued owing to an AE (Figure 1). Baseline 
demographics and disease characteristics were 
broadly similar between the PFS-abdomen and 
AI-abdomen groups (Table 1).

Pharmacokinetics
Primary endpoint: bioequivalence between AI pen and 
PFS administration. Based on the reference-scaled 
average bioequivalence approach, abdominal adminis-
tration of ofatumumab via AI pen showed 

Ofatumumab 20 mg
PFS-thigh
n = 13

Patients contributing to
PK and safety analyses:

n = 13

Screened patients
N = 344

Randomized patients
N = 284

Ofatumumab 20 mg
AI-thigh
n = 13

Patients contributing to
PK and safety analyses:

n = 13

Excluded patients
n = 60

Ofatumumab 20 mg
AI-abdomen
n = 128

Patients contributing to 
bioequivalence, 

PK, and safety analyses:
n = 128

Ofatumumab 20 mg
PFS-abdomen

n = 130

Patients contributing to 
PK and safety analyses:

n = 130

Patients contributing to
 bioequivalence analysis: 

n = 128

Figure 1. APLIOS patient flow chart. One patient in the PFS-abdomen group discontinued the study following a Grade-2 
AE (blood IgM level decreased). Two patients in the PFS-abdomen group, including the patient who discontinued the 
study, did not contribute to the bioequivalence analysis because they missed the dose at Week 8 and had no data available 
for the dosing interval (Weeks 8–12).
AE: adverse event; AI: autoinjector; PFS: pre-filled syringe; PK, pharmacokinetic.
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bioequivalence to that via PFS for both AUCτ and Cmax 
in the dosing interval (Weeks 8–12; Table 2). The 95% 
upper bound of the linearized criterion was below 0 for 
both AUCτ (–0.3131) and Cmax (–0.2446). Geometric 
mean ratios were contained within the predefined limits 
(0.8–1.25) for both AUCτ (1.03) and Cmax (1.00).

Comparison of PK by injection site. Plasma concen-
trations of ofatumumab at each time point were similar 

across groups regardless of administration device or 
injection site (Figure 2). Mean AUCτ and Cmax at 
Week 8 were also similar across groups regardless of 
administration device or injection site (Table 3).

Immunogenicity of ofatumumab
Results of ofatumumab anti-drug antibody (ADA) test-
ing were positive in 7/284 patients (2.5%); however, 

Table 1. Baseline demographics and disease characteristics.

Characteristic Ofatumumab 20 mg

AI-abdomen, 
n = 128

PFS-abdomen, 
n = 130

AI-thigh,  
n = 13

PFS-thigh,  
n = 13

All patients,  
N = 284

Age, mean (SD), years 37.8 (9.37) 37.4 (8.66) 35.4 (8.75) 33.2 (6.18) 37.3 (8.92)

Female, n (%) 92 (71.9) 90 (69.2) 9 (69.2) 8 (61.5) 199 (70.1)

Race, n (%)

 American Indian or Alaska Native 1 (0.8) 0 0 0 1 (0.4)

 Black or African American 2 (1.6) 4 (3.1) 0 0 6 (2.1)

 White 125 (97.7) 125 (96.2) 13 (100) 12 (92.3) 275 (96.8)

 Mixed 0 1 (0.8) 0 1 (7.7) 2 (0.7)

Ethnicity, n (%)

 Hispanic or Latino 5 (3.9) 4 (3.1) 0 1 (7.7) 10 (3.5)

 Not Hispanic or Latino 116 (90.6) 117 (90.0) 12 (92.3) 11 (84.6) 256 (90.1)

 Not reported 2 (1.6) 2 (1.5) 1 (7.7) 0 5 (1.8)

 Unknown 5 (3.9) 7 (5.4) 0 1 (7.7) 13 (4.6)

Weight, mean (SD), kg 73.4 (17.8) 73.9 (19.0) 79.4 (21.3) 68.9 (14.7) 73.7 (18.4)

BMI, mean (SD), kg/m2 25.5 (6.0) 25.6 (6.2) 26.8 (7.3) 24.0 (5.0) 25.5 (6.1)

Duration of MS since diagnosis, mean (SD), years 6.9 (6.8) 6.9 (6.7) 5.2 (5.7) 2.3 (3.0) 6.6 (6.6)

Duration of MS since first symptom, mean (SD), 
years

9.4 (8.0) 9.6 (7.6) 7.2 (5.9) 6.8 (8.6) 9.3 (7.8)

Previous DMT, n (%)

 Treatment-naivea 40 (31.3) 38 (29.2) 4 (30.8) 8 (61.5) 90 (31.7)

 Previously treatedb 88 (68.8) 92 (70.8) 9 (69.2) 5 (38.5) 194 (68.3)

Number of relapses in the 12 months before 
screening, mean (SD)

1.3 (0.7) 1.4 (0.7) 1.5 (0.9) 1.2 (0.6) 1.3 (0.7)

Number of relapses in the 12–24 months before 
screening, mean (SD)

1.0 (2.0) 1.0 (1.2) 0.8 (1.4) 0.6 (0.7) 1.0 (1.6)

Type of MS at study entry, n (%)

 RRMS 123 (96.1) 122 (93.8) 13 (100) 13 (100) 271 (95.4)

 SPMS 5 (3.9) 8 (6.2) 0 0 13 (4.6)

EDSS score, mean (SD) 2.8 (1.3) 3.1 (1.3) 3.0 (1.0) 2.3 (1.1) 3.0 (1.3)

Number of Gd+ T1 lesions, mean (SD) 1.0 (2.5) 2.0 (6.6) 3.0 (6.5) 0.3 (0.5) 1.5 (5.0)

Patients free of Gd+ lesions, n (%) 83 (64.8) 78 (60.0) 8 (61.5) 8 (61.5) 177 (62.3)

Total volume of T2 lesions, mean (SD), cm3 13.1 (16.6) 14.4 (15.9) 17.2 (27.6) 7.7 (9.1) 13.6 (16.7)
Normalizedc brain volume, mean (SD), cm3 1446.4 (77.3) 1437.2 (81.4) 1465.9 (69.6) 1457.1 (49.3) 1443.7 (77.8)

AI: autoinjector; PFS: pre-filled syringe; SD: standard deviation; BMI: body mass index; MS: multiple sclerosis; RRMS: relapsing–remitting MS; SPMS: 
secondary progressive MS; EDSS: Expanded Disability Status Scale; Gd+: gadolinium enhancing.
aTreatment-naive patients have not received a prior MS (DMT).
bA wash-out period was required for patients receiving certain MS DMTs before entering the APLIOS trial. Details of wash-out periods are included in the 
Supplementary Appendix.
cNormalized for skull size.
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six of these patients had a positive ADA test result at 
baseline, likely reflecting false-positive findings. Only 
one patient (0.4%) who did not have a positive ADA 
test result at baseline had a transiently positive ADA 
test result at Week 8. There was no observed impact of 
ADA on PK exposure or B-cell depletion. No patients 
developed neutralizing antibodies to ofatumumab, as 
assessed by a cell-based assay.

Safety and tolerability profile
The overall incidence of AEs and serious AEs in the 
study population was 57.4% and 2.1%, respectively 
(Table 4). The incidence of AEs leading to study-drug 
discontinuation was 0.4%. No deaths occurred during 
the study. Commonly reported AEs (i.e. in ⩾2% of 
patients) are summarized in Table 4. Injection-related 
reactions were predominantly observed with the first 
injection in all groups (Supplemental Figure S1). 
Injection-related systemic reactions were reported in 
25.0% of patients with the first injection, 8.1% of 
patients with the second injection, and fewer than 2.8% 

of patients with subsequent injections. The most fre-
quently reported symptoms associated with injection-
related systemic reactions were headache, chills, and 
fever, reported in 12.7%, 8.8%, and 8.5% of patients, 
respectively. Typically, symptoms resolved within 48 
hours for most patients. Injection site reactions were 
reported in 6.0% of patients with the first injection and 
⩽3.2% of patients with subsequent injections. The 
most frequently reported symptoms associated with 
injection site reactions were erythema/redness and 
pain, reported in 5.3% and 3.2% of patients, respec-
tively. Most AEs (97.5%) were CTCAE Grade-1/2 
(mild/moderate). The overall incidence of Grade-3 
(severe) AEs was low (2.5%); all Grade-3 AEs were 
isolated events, each occurring in a single patient across 
the groups. No Grade-4 AEs were reported.

Nearly all injection-related reactions were Grade-1/2 
(mild/moderate); there was one Grade-3 (severe) 
reaction with the first injection in one patient in the 
PFS-abdomen group. The patient had abdominal pain, 
arthralgia, asthenia, chills, dizziness, fatigue, fever, 

Table 2. Bioequivalence testing of AUCτ and Cmax between AI-abdomen and PFS-abdomen during the dosing interval 
(Weeks 8–12).

Ofatumumab 20 
mg AI-abdomen, 
n = 128

Ofatumumab 20 
mg PFS-abdomen, 
n = 130

Treatment 
comparison 
(AI vs PFS)

Meet 
criteria

Bioequivalence 
criteria, 
RSABE

AUCτ
  Patients with no missing 

values, n
128 128 – – –

 Geometric mean, h × µg/mL 487.7 474.1 – – –

 Geometric CV, % 103.5 79.7 – – –

 SDlog 0.854 0.701 – – –

 GMR – – 1.03 Yes 0.80–1.25

  95% upper bound of the 
linearized criterion

– – −0.3131 Yes ⩽0

Cmax

  Patients with no missing 
values, n

128 128 – – –

 Geometric mean, µg/mL 1.409 1.409 – – –

 Geometric CV, % 89.2 67.9 – – –

 SDlog 0.765 0.616 – – –

 GMR – – 1.00 Yes 0.80–1.25
  95% upper bound of the 

linearized criterion
– – −0.2446 Yes ⩽0

AUCτ: area under the plasma concentration–time curve over the dosing interval; Cmax: maximum concentration; AI: autoinjector; 
PFS: pre-filled syringe; RSABE: reference-scaled average bioequivalence; CV: coefficient of variation; SDlog: standard deviation 
of data in log-scale; GMR: geometric mean ratio; BE: bioequivalence; SDlogr: standard deviation of reference group (PFS) in 
log-scale.
Geometric CV (%) was calculated as: ( )variance for log transformeddata− ×−1 100 .
RSABE method (applies if SDlog ⩾ 0.294): conclude BE if both the GMR and the 95% upper bound of the linearized criterion 
meet the specified criteria.
Linearized criterion was calculated as: ( )log scalemean difference SDlogr− − ×2 2 2θ , with θ = ln(1.25)/0.25.
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headache, myalgia, nausea, and rash (alongside 
milder site reactions), which lasted for 6 days. The 
patient continued study treatment per protocol until 
Week 12 (end of study).

Infections were reported in 58/284 patients (20.4%) 
overall, with similar incidences across groups. The 

most commonly reported infections (occurring in 
⩾2% of patients overall) were nasopharyngitis (2.8%) 
and rhinitis (2.5%). Two serious infections (appendi-
citis and pneumonia, both in the PFS-abdomen group) 
were reported in one patient each but neither led to 
study-drug discontinuation. No opportunistic infec-
tions were reported.
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Figure 2. Plasma concentrations of ofatumumab by nominal visit. The blue vertical arrows indicate the timing of dose 
administration. The shaded region indicates the Week 8−12 dosing interval that was considered for bioequivalence testing.
AI: autoinjector; PFS: pre-filled syringe.

Table 3. Summary statistics of AUCτ and Cmax at Week 8 dosing interval.

Statistic Ofatumumab 20 mg

AI-abdomen, 
n = 128

PFS-abdomen, 
n = 130

AI-thigh, 
n = 13

PFS-thigh, 
n = 13

All patients, 
N = 284

AUCτ
 Patients with no missing values, n 128 128 13 13 282

 Mean, h × µg/mL 665.9 594.5 556.8 667.2 628.6

 SD, h × µg/mL 545.96 412.66 283.01 329.23 470.32

 CV, % 81.98 69.41 50.83 49.35 74.83

Cmax

 Patients with no missing values, n 128 128 13 13 282

 Mean, µg/mL 1.827 1.684 1.850 1.792 1.761

 SD, µg/mL 1.3016 1.0290 1.0332 0.7227 1.1477
 CV, % 71.25 61.12 55.84 40.34 65.17

AUCτ: area under the plasma concentration–time curve over the dosing interval; Cmax: maximum concentration; AUC: area under 
the curve; AI: autoinjector; PFS: pre-filled syringe; SD: standard deviation; CV: coefficient of variation.
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B-cell depletion
By Day 14, B-cell counts were below the LLN (80 
cells/µL) for all patients with available data (n = 
273) who were receiving ofatumumab. Median 
B-cell counts were reduced from 214.0 cells/µL at 
baseline to 2.0 cells/µL at Day 14 (99.1% deple-
tion) before administration of the third dose. At 
Week 4 (i.e. between the third and fourth doses), 
median B-cell count was reduced to 1.0 cells/µL 
and remained at this level until Week 12 (end of 
study) (Figure 3(a)). The overall proportion of 
patients with a B-cell count below 10 cells/µL was 
84.6% at Day 14, 94.0% at Week 4, 95.9% at Week 
8, and 98.2% at Week 12 (Figure 3(b)). B-cell 
depletion was similar across all body-weight quar-
tiles (Figure 3(c)).

MRI endpoints
The mean number of new or persisting Gd+ T1 lesions 
decreased from 1.5 at baseline to 0.8, 0.3, and 0.1 by 
Weeks 4, 8, and 12, respectively (Figure 4(a)). The 
proportion of patients free of Gd+ T1 lesions increased 
over time in all ofatumumab groups (Table 5). Across 
all groups, the proportions of patients free of Gd+ T1 
lesions at baseline and Weeks 4, 8, and 12 were 64.2%, 
66.5%, 86.7%, and 94.1%, respectively (Figure 4(b); 
Table 5).

Discussion
This randomized, open-label, phase-2 APLIOS study 
demonstrates bioequivalence between ofatumumab 
20 mg q4w administered subcutaneously in the abdo-
men by AI pen and by PFS. Initial dosing with ofatu-
mumab 20 mg on Days 1, 7, and 14 provided rapid 
B-cell depletion, with subsequent doses q4w main-
taining a continuous and almost complete B-cell 
depletion throughout the study. This rapid and con-
tinuous B-cell depletion was seen for all patients 
regardless of administration device, injection site, or 
body weight. Notably, the efficient B-cell depletion 
was accompanied by marked reductions in Gd+ T1 
lesion activity as early as Week 8, reaching more than 
a 90% reduction compared with baseline by Week 12. 
Alongside the pivotal phase-3 ASCLEPIOS I/II stud-
ies, APLIOS provides further evidence for the rapid 
abrogation of new inflammatory disease activity with 
ofatumumab. Systemic ofatumumab exposure was 
similar between injection sites (abdomen or thigh). 
The number of injection site reactions following 
administration via AI pen was slightly lower than that 
following administration via PFS, which may influ-
ence patient satisfaction (although this was not 
assessed in the APLIOS study).

The sustained B-cell suppression with ofatumumab, 
regardless of body weight, was consistent with that 

Table 4. Summary of AEs.

Preferred term Ofatumumab 20 mg

AI-abdomen,  
n = 128, n (%)

PFS-abdomen, 
n = 130, n (%)

AI-thigh,  
n = 13, n (%)

PFS-thigh,  
n = 13, n (%)

All patients,  
N = 284, n (%)

Patients with AE(s) 79 (61.7) 70 (53.8) 7 (53.8) 7 (53.8) 163 (57.4)

Common AE(s) (⩾2%)

  Injection-related systemic 
reaction

41 (32.0) 29 (22.3) 5 (38.5) 6 (46.2) 81 (28.5)

 Injection site reaction 11 (8.6) 17 (13.1) 0 (0.0) 1 (7.7) 29 (10.2)

 Headache 13 (10.2) 7 (5.4) 0 (0.0) 1 (7.7) 21 (7.4)

 Diarrhea 6 (4.7) 4 (3.1) 1 (7.7) 0 (0.0) 11 (3.9)

 Fatigue 3 (2.3) 5 (3.8) 1 (7.7) 0 (0.0) 9 (3.2)

 Nasopharyngitis 2 (1.6) 5 (3.8) 0 (0.0) 1 (7.7) 8 (2.8)

 Rhinitis 3 (2.3) 3 (2.3) 0 (0.0) 1 (7.7) 7 (2.5)

Patients with serious or other significant treatment-emergent events

 Death 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 SAE(s) 2 (1.6) 4 (3.1) 0 (0.0) 0 (0.0) 6 (2.1)

 Serious infections 0 (0.0) 2 (1.5) 0 (0.0) 0 (0.0) 2 (0.7)
  Discontinued study treatment 

owing to any AE(s)
0 (0.0) 1 (0.8) 0 (0.0) 0 (0.0) 1 (0.4)

AE: adverse event; AI: autoinjector; PFS: pre-filled syringe; SAE: serious adverse event.
The number of patients with at least one event and the percentage of all patients in each group are shown.
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stratified by body-weight quartile. The blue vertical arrows indicate the timing of dose administration. The analysis 
considered data until 30 days after the last injection. The shaded bands in parts (a) and (b) are 95% confidence intervals 
calculated using the Clopper–Pearson method.
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observed in the ASCLEPIOS I/II studies.1 Moreover, 
the sustained B-cell depletion associated with ofatu-
mumab was achieved at low systemic drug exposure 

levels, which remained relatively stable between 
doses. In contrast, a high-dose intravenous anti-CD20 
mAb administered every 6 months showed greater 
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Figure 4. (a) Number of new or persistent Gd+ T1 lesions and (b) proportion of patients free of Gd+ T1 lesions over 
12 weeks with ofatumumab treatment. Pre-dose MRI assessments are displayed as time 0 on the x-axis. The analysis 
considers scans collected until 30 days after the last injection date. Gd+ T1 lesion counts from scans collected in the 14 
days after termination of steroid therapy are excluded from the analysis. The shaded bands are 95% confidence intervals 
calculated (a) from bootstrap and (b) using the Clopper–Pearson method.
Gd+: gadolinium-enhancing.

Table 5. Proportion of patients free of Gd+ T1 lesions at Weeks 4, 8, and 12.

Ofatumumab 20 mg

AI-abdomen,  
n = 128, n/M (%)

PFS-abdomen,  
n = 130, n/M (%)

AI-thigh, n = 13, 
n/M (%)

PFS-thigh,  
n = 13, n/M (%)

All patients,  
N = 284, n/M (%)

Baseline 82/126 (65.1) 78/123 (63.4) 8/13 (61.5) 8/12 (66.7) 176/274 (64.2)

Week 4 82/121 (67.8) 75/116 (64.7) 8/12 (66.7) 8/11 (72.7) 173/260 (66.5)

Week 8 105/124 (84.7) 107/122 (87.7) 11/12 (91.7) 12/13 (92.3) 235/271 (86.7)
Week 12 114/122 (93.4) 115/123 (93.5) 13/13 (100) 12/12 (100) 254/270 (94.1)

Gd+: gadolinium-enhancing; AI: autoinjector; n/M, number of patients who are in the corresponding category/total number of 
patients with a value for a specific visit window; PFS: pre-filled syringe.
Gd+ T1 lesion counts from scans collected in the 14 days after termination of steroid therapy were excluded from the analysis. The 
analysis considers scans collected until 30 days after the last injection date.
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overall fluctuations in plasma drug levels, with ini-
tially high concentrations decreasing over time, thus 
potentially allowing partial B-cell repletion between 
doses.22 In animal models, subcutaneous administra-
tion of antibodies, compared with infusion, has been 
shown to permit more direct access to the lymph 
nodes via absorption into the lymphatic system, rather 
than via the bloodstream,23,24 thus targeting B cells in 
the lymph nodes directly and sparing those in the 
spleen. This has been hypothesized to help to preserve 
immunosurveillance.

In the APLIOS study, ofatumumab had favorable 
safety and tolerability profiles, in line with those 
reported in the ASCLEPIOS I/II trials.1 The majority 
of injection-related systemic reactions in APLIOS 
were mild or moderate in severity and mostly associ-
ated with the first injection. Injection-related reac-
tions with ofatumumab were less frequent in an 
indirect comparison with other anti-CD20 treatments 
that are administered at higher intravenous doses and 
require premedication, such as ocrelizumab (particu-
larly when comparing early doses).25 Indeed, in the 
ASCLEPIOS I/II studies, there were no notable dif-
ferences between ofatumumab and placebo injections 
(used in the teriflunomide arm to maintain treatment 
blinding) in the frequency of injection-related reac-
tions after the first dose.1 The generally favorable 
safety profile of ofatumumab may be related to its 
fully human nature and unique binding site, as well as 
to the relatively low dose.

Compared with intravenous administration, subcuta-
neous administration offers several advantages for 
patients, including that it affords the flexibility and 
convenience of self-administration at home or else-
where, without the need to book an infusion appoint-
ment or to travel to a clinic. This may be of particular 
relevance in the context of the current coronavirus 
disease 2019 (COVID-19) pandemic and any similar 
future situations. Moreover, subcutaneous administra-
tion is likely to be more cost-effective than intrave-
nous administration owing to the resource efficiency 
of home-based administration.26 Patient preference 
for route of drug administration may also have impli-
cations for treatment persistence and quality of life.26 
Subcutaneous administration with AI pen, rather than 
with PFS, is likely to offer further advantages, such as 
reductions in perceived pain.27

Conclusion
The APLIOS study demonstrated bioequivalence 
between ofatumumab administered into the abdomen 
by AI pen and by PFS, and corroborated previous 

findings that ofatumumab, given at low monthly 
doses of 20 mg (after initial dosing on Days 1, 7, and 
14), exhibits favorable properties with regard to fast 
and continuous B-cell depletion in all patients with 
RMS. The APLIOS study demonstrated that this 
highly effective MS therapy with favorable safety and 
tolerability profiles can be administered using an AI 
device, allowing for home-based self-administration, 
thus reducing patient burden.
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