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Subcutaneously Administered Ofatumumab in
Rheumatoid Arthritis: A Phase I/II Study of Safety,
Tolerability, Pharmacokinetics, and Pharmacodynamics 
Regina Kurrasch, Judith C. Brown, Myron Chu, Jenny Craigen, Philip Overend, Bela Patel,
Steven Wolfe, and David J. Chang

ABSTRACT. Objective. To investigate the safety and tolerability of a single subcutaneous (SC) dose of ofatu-
mumab, a fully human anti-CD20 monoclonal antibody, in patients with rheumatoid arthritis (RA)
taking background methotrexate (MTX). Secondary objectives included characterizing pharmaco -
kinetics and pharmacodynamics. 
Methods. In this single-blind, phase I/II study, 35 patients with RA were randomized in 5 cohorts to
receive a single subcutaneous (SC) ofatumumab dose ranging from 0.3 to 100 mg, or placebo,
following premedication with oral acetaminophen and antihistamine. Patients were followed for 24
weeks with extended followup to monitor B cell and immunoglobulin recovery for up to 2 years if
required. 
Results. Thirty-five patients received the following treatment: 0.3 mg, n = 4; 3 mg, n = 6; 30 mg, 
n = 8; 60 mg, n = 6; 100 mg, n = 3; placebo, n = 8. The most common adverse events in the combined
ofatumumab groups were headache, nausea, and upper respiratory tract infection. Because of tolera-
bility concerns, only 3 patients were given 100 mg. For the 30–100 mg doses, median maximum
plasma concentration values ranged from 4.02 to 4.49 days. Mean elimination half-life values ranged
from 5.20 to 6.83 days. Increasing peripheral median B cell depletion was observed from 0.3 mg up
to 30 mg, and full target B cell depletion was achieved with 30 mg, 60 mg, and 100 mg. 
Conclusion. Treatment of RA patients with SC ofatumumab doses of 30 mg or higher resulted in
profound and prolonged B cell depletion in blood. Single doses up to 60 mg were tolerated without
glucocorticoid premedication. (ClinicalTrials.gov identifier NCT00686868) (J Rheumatol First
Release June 1 2013; doi:10.3899/jrheum.121118)
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Ofatumumab is a human immunoglobulin (Ig) G1κ
monoclonal antibody (mAb) that specifically binds to the
human CD20 antigen inducing potent B cell lysis.
Ofatumumab recognizes a membrane-proximal epitope on
the human CD20 molecule, distinct from the epitope recog-
nized by rituximab, a chimeric mAb, and other anti-CD20
mAb1,2,3. The membrane proximity of this epitope is likely
to account for the high efficiency of B cell lysis observed

with ofatumumab in both in vitro and in vivo preclinical
studies4,5,6. Ofatumumab induces B cell depletion primarily
through complement-dependent cytotoxicity and anti -
body-dependent cell-mediated cytotoxicity with in vitro
potencies (EC50) estimated at 600 ng/ml and 20 ng/ml,
respectively7. Ofatumumab by intravenous (IV) infusion is
approved for the treatment of chronic lymphocytic leukemia
refractory to fludarabine and alemtuzumab.

In a previous randomized, placebo-controlled phase I/II
study, IV ofatumumab doses of 300 mg, 700 mg, and 1000
mg administered as 2 infusions 2 weeks apart demonstrated
significant clinical benefit compared with placebo in
patients with active rheumatoid arthritis (RA) who had an
inadequate response to disease-modifying antirheumatic
drugs (DMARD)8.

Infusion reactions, resulting from rapid B cell depletion
and cytokine release, are commonly observed and may be
severe following IV administration of anti-CD20 therapy, as
has been reported in a phase I/II ofatumumab study in
patients with RA8. Approaches including increased volume
of infusion, increased infusion time, and use of IV gluco-
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corticoid premedication successfully reduced the incidence
and severity of infusion reactions observed with ofatu-
mumab, a highly potent monoclonal antibody with
enhanced complement–dependent effector8,9. A study of
ocrelizumab, a humanized anti-CD20 monoclonal antibody
with enhanced antibody-dependent cell-mediated cyto -
toxicity and reduced complement-dependent cytotoxicity,
administered IV to patients with RA who did not receive
premedication with IV glucocorticoids, still demonstrated
infusion-associated adverse events (AE) in 51% of ocreli-
zumab-treated patients on the first infusion compared with
27% with placebo2. Therefore, as an alternative to IV
administration, ofatumumab, as a subcutaneous (SC) formu-
lation, is being investigated with the aim of achieving a
slower rate of absorption and B cell depletion. This may
provide better safety and tolerability compared with IV
administration, with no requirement for IV glucocorticoid
premedication.

Although the mode of action of rituximab and ofatu-
mumab is similar, nonclinical data indicate that ofatumumab
may have a greater potential for effector activity and
therefore, ofatumumab at doses lower than rituxumab may
achieve similar efficacy. Indeed, the phase I/II study with IV
ofatumumab demonstrated that clinical responses achieved
with 300 mg, 700 mg, and 1000 mg were similar8. Our study
was designed to investigate the safety and tolerability and
the pharmacokinetic (PK) and pharmacodynamic (PD)
effects of low doses of SC ofatumumab in patients with RA
who are taking background methotrexate (MTX), without
glucocorticoid premedication.

MATERIALS AND METHODS
Study design. This was a multicenter, randomized, single-blind,
placebo-controlled, phase I/II study in patients with RA on stable
background MTX conducted at 14 centers in Australia, Belgium, France,
Italy, Poland, Russia, Spain, and the United States (ClinicalTrials.gov
identifier NCT00686868). The trial was conducted in accord with good
clinical practice and the Declaration of Helsinki. Ethics approval was
obtained for each participating center and all patients provided informed
consent.

A computer-generated randomization schedule (ofatumumab:placebo
ratio 3:1 per cohort) and randomization was handled centrally through an
interactive voice response system. An unblinded pharmacist prepared the
injections of ofatumumab and saline placebo. Ofatumumab was supplied to
the sites in prefilled glass vials as a sterile 100 mg/ml solution in acetate
buffer. Investigational sites made dilutions using sterile 0.9% normal
saline. All groups received a single 1 ml volume dose of the appropriate
concentration, except for the 60 mg group, which received a 0.6 ml dose of
the 100 mg/ml solution. All doses were administered SC into the abdominal
area by a 25-gauge × half-inch needle. Eligible patients were randomized
to receive a single SC dose of either ofatumumab or matching placebo
following premedication with oral acetaminophen (1000 mg) and oral
antihistamine (certirizine 10 mg or equivalent), with no planned additional
glucocorticoid before or after medication. The first cohort received 30 mg,
which was selected based on modeling from the IV ofatumumab PK/PD
data. Dose progression and selection after 30 mg dose cohort was based on
B cell depletion data and a review of available safety and tolerability data
by the sponsor, resulting in a final cohort order of 30 mg, 0.3 mg, 3.0 mg,
100 mg, and 60 mg. Patients in the 30 mg, 60 mg, and 100 mg cohorts were

monitored in an inpatient setting for 4 days postdose and those in the lower
dose cohorts for 2 days postdose, to monitor for post-injection reactions
from B cell depletion. Patients were followed closely for 24 weeks after
dosing, with further intermittent followup for up to 2 years to monitor for
recovery of B cell counts and immunoglobulin levels, if required. The study
originally had 2 parts. It was amended to remove the second part, which had
planned to examine efficacy and safety of 2 doses of SC ofatumumab
administered at a fixed interval, in about 30 patients with active RA, in favor
of proceeding to phase II multidose studies in autoimmune indications.
Patient population. Male or female nonpregnant patients ≥ 18 years of age
with a diagnosis of RA (meeting the American College of Rheumatology
1987 revised criteria for RA)10 of at least 6 months prior to screening were
eligible. There were no requirements for disease activity at baseline.
Patients were required to have been treated with MTX 7.5–25 mg/week
(oral, SC, or intramuscular) for at least 12 weeks prior to baseline with the
last 4 weeks at a stable dosage and route, and receiving folic acid ≥ 5
mg/week starting 4 weeks prior to baseline. Patients were also allowed to
be treated with stable doses of oral prednisolone or equivalent up to 10 mg
per day. Patients were required to have a body mass index < 35 kg/m2,
QTcB or QTcF < 450 ms, and a negative screening chest radiograph for
lung infection, including tuberculosis. Patients with previous exposure to
biologic cell-depleting antirheumatic therapies were excluded. In addition,
patients were required to wash out other DMARD therapy prior to baseline
as follows: cyclosporine, azathioprine, sulfasalazine, penicillamine, bucil-
lamine, hydroxychloroquine, chloroquine, at least 4 weeks; leflunomide,
gold therapy, at least 12 weeks; etanercept, at least 4 weeks; infliximab,
adalimumub, at least 8 weeks; abatacept, anakinra, at least 12 weeks.
Exclusion criteria included other concurrent rheumatic autoimmune
diseases and significant concurrent, uncontrolled medical conditions.
Laboratory exclusion criteria included hemoglobin < 5.6 mmol/l (9.0 g/dl),
CD19+ B cell count < 0.1 × 109/l, neutrophils < 2 × 109/l, platelet count <
100 × 109/l, serum IgG less than the lower limit of normal, serum alanine
aminotransferase (ALT) or aspartate aminotransferase (AST) > 3 times the
upper limit of normal (ULN), serum alkaline phosphatase > 2 × ULN, and
serum creatinine > 133 µmol/l (1.5 mg/dl). In addition, patients were
excluded if they had positive test results for human immunodeficiency
virus, JC virus, or hepatitis B or C virus at screening. 
Study assessments. Vital signs (heart rate, blood pressure, and temperature),
AE, and serious adverse events (SAE) were collected up to 24 weeks. Only
SAE were collected after 24 weeks. AE were coded according to the
Medical Dictionary for Regulatory Activities, vol. 14. AE reported during
the first week of dosing were reviewed by the sponsor and categorized as
study medication injection-related systemic reactions and included fatigue,
pyrexia, hyperhidrosis, flushing, flu-like symptoms, chills, nausea,
vomiting, blood pressure increase, dizziness, vertigo, and liver enzyme
increase. The 1-week period was selected based on the expected time to
maximum ofatumumab plasma concentration (Tmax) of 4–5 days. Chest
radiographs were performed at screening, if clinically indicated, and
12-lead electrocardiograms were obtained at screening and study Day 85.
Physical examinations were carried out at screening and baseline visits and
during the study.

Samples were collected for hematology, clinical chemistry, routine
urinalysis, pregnancy testing, plasma JC virus, and hepatitis B and C virus
serology, and anti-drug antibody testing throughout the study. Samples for
measurement of plasma ofatumumab concentrations were collected at
screening, baseline, 12 h, 24 h, 48 h, 72 h, 96 h, Days 6, 7, 8, 10, 15, 22,
and 29, then every 2 weeks until Week 12 and every 4 weeks until Week
24. Samples for measurement of peripheral lymphocytes were collected at
screening, baseline, 48 h, 72 h, 96 h, Days 6, 7, 8, 10, 15, 22, and 29, then
every 2 weeks until Week 12 and every 4 weeks until Week 24. If required,
further samples were collected every 12 weeks to monitor for recovery of
both B cell and immunoglobulin levels or for up to 2 years, whichever
period was shorter.

A 4-color MultiTest T cell, B cell, and natural killer cell (TBNK) assay
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(BD BioSciences) was carried out on whole blood to provide absolute
counts for subpopulations of lymphocytes (CD3, CD4, CD8, CD19). The
lower limit of quantification (LLQ) for CD19+ B cells was 5 cells/µl (0.005
GI/l). Buffy coats were prepared from matched samples using standard
methodology and an additional 6-color antibody panel (CD27
FITC/IgD-PE/CD19-PerCP-Cy5/CD10-PE Cy7/ CD38-APC, CD69-APC-Cy7)
was used to determine B cell subset phenotypes at baseline and Days 7, 15,
22, 43, and 85. Using quadrant gating of the CD19+ cells, the following
marker combinations were reported as percentages of CD19+ B cells and
as absolute counts based on the CD19 count from the TBNK panel:
CD27+IgD+, CD27+IgD-, CD27–IgD–, and CD27-IgD+. Further pheno-
typic analyses were performed (data not shown). 

Additional laboratory investigations included high- sensitivity
C-reactive protein (hsCRP); erythrocyte sedimentation rate (ESR); B
lymphocyte stimulator (BLyS/BAFF) and B lymphocyte chemokine (BLC;
Pathway Diagnostics); interleukin 6 (IL-6); IgA, IgG, IgM; complement
(CH50, C3, C4), IgM rheumatoid factor (IgM-RF), IgA-RF, and IgG-RF;
anticyclic citrullinated peptide antibody (anti-CCP); and serum amyloid A
(SAA; Quest Diagnostics). 
Study endpoints. The primary objective was to characterize the safety and
tolerability of a single SC dose of ofatumumab administered to patients
with RA by assessing the incidence and severity of AE, clinical laboratory
measures, and vital signs. 

A key secondary objective was to determine the minimum dose of
ofatumumab resulting in depletion of peripheral blood B lymphocytes ≥
95% from baseline or to below the LLQ, as measured by median change
from baseline at Week 4 and/or the median value across Weeks 2–4 (i.e.,
the median by group of the median values over Weeks 2–4 for each
individual patient). Secondary endpoints included start of and time to
repletion. Repletion, for patients who achieved the target depletion (i.e., ≥
95% from baseline or below the LLQ), was defined as return of B cells to
either baseline level or higher, or lower limit of normal, 0.110 GI/l (i.e., 110
cells/mm3), whichever was lower. Start of repletion for patients who
achieved the target depletion was defined as B cells returning to either <
95% depletion from baseline or ≥ 0.01 GI/l (i.e., 10 cells/mm3, 2 × LLQ),
whichever was higher, for 2 consecutive samples without further depletion.
Depletion and repopulation of B cell subpopulations (e.g., naive and
memory phenotypes) were included as exploratory endpoints.

Other secondary endpoints included PK measures, the incidence of
anti-drug antibodies, and biomarkers of disease activity and immune status.
Statistical analysis. The sample size was set based on feasibility and
adequacy of data to support the development of an initial PK/PD model of
CD19+ B cell depletion/repletion. There was no formal hypothesis testing.
Identification of a B cell-depleting single dose of ofatumumab was
achieved through use of summary statistics by dose level and visit. Three
populations were considered in the analysis: (1) the safety population: all
randomized patients who received the study drug; (2) the modified
intent-to-treat population (mITT): all patients in the safety population who
also had a baseline measurement and at least 1 posttreatment PD sample
analyzed; and (3) the PK population: all patients who received study drug
and had at least 1 PK sample analyzed. Data from placebo patients in all
cohorts were pooled for the final analyses. 

RESULTS
Disposition and characteristics of patients. A total of 121
patients were screened for this study, of whom 86 (71%)
were screen failures and 35 (29%) enrolled and were ran -
domized (Figure 1). The most common reason for screen
failure was CD19+ B cell count below the exclusion limit in
16/86 patients (19%). Of the 35 randomized patients, 27
(77%) were exposed to ofatumumab and 35 patients were
included in the safety and mITT populations. Seven of the

35 patients (20%) withdrew from the study prematurely
including 2 patients in the placebo group (1 because of an
AE of exacerbation of arthritis and 1 lost to followup), 1
patient in the 0.3 mg group (withdrew consent), and 4
patients in the 30 mg group (lack of efficacy, lost to
followup, withdrew consent, and study closed).

Baseline demographics and characteristics are provided
in Table 1. The majority of patients were female (89%) and
white (94%); the mean age was 53 years (range 22–78 yrs).
Sixty percent of all patients enrolled were RF-positive and
60% were anti-CCP-positive. 
Safety. Table 2 summarizes the most commonly reported
AE. The overall incidence of AE occurring during the
24-week study period was higher in the combined ofatu-
mumab group (24/27; 89%) compared with the placebo
group (5/8; 63%). The most commonly reported AE (i.e.,
those occurring in 3 or more patients in the combined ofatu-
mumab group) were headache, nausea, upper respiratory
tract infection, dizziness, hypertension, pyrexia, and RA
exacerbation. 

Almost all reported AE were judged by the investigators
to be mild or moderate in intensity, with the exception of
severe but nonserious events reported in 4 patients:
headache and nausea (1 patient in the 100 mg group),
pyrexia (1 patient in the 60 mg group), and RA exacerbation
(1 patient in the 30 mg group and 1 in the placebo group).

AE considered to be injection-related systemic reactions
were more frequent in the combined ofatumumab group
(13/27 patients; 48%) compared with the placebo group
(2/8; 25%) and highest in the 100 mg ofatumumab group
(3/3; 100%). The most common injection-related systemic
reactions were nausea, pyrexia or elevated body tem -
perature, dizziness, and headache, typically in combination
with another systemic reaction. These AE were of mild or
moderate intensity with the exception of severe pyrexia (1
patient in the 60 mg group) and severe nausea and headache
(1 patient in the 100 mg group). No rescue glucocorticoid
was given to manage these AE, although some patients
received additional doses of oral acetaminophen or antihis-
tamine. With the exception of liver function test elevations
recorded for 1 patient in the 30 mg group and 1 in the 100
mg group, injection-related systemic reactions resolved
within about 2 days of baseline. There was no clear
association between injection-related systemic reactions and
use of stable low-dose concomitant corticosteroids to treat
RA.

Recruitment into the 100 mg cohort was suspended
because of systemic reactions in all 3 ofatumumab-dosed
patients. These AE included for Patient 1: moderate
influenza-like illness within 1 h postdose and ALT and AST
elevation at 6 days postdose; for Patient 2: mild abdominal
pain, severe nausea, moderate vomiting, moderate chills,
mild dizziness, and severe headache, all within 12 h
postdose; and for Patient 3: mild headache, mild body
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temperature increase (37.5°C), and mild nausea, all
occurring on the day of dosing.

Three SAE (2 separate SAE of atrial fibrillation and 1
SAE of breast cancer) were reported for 1 patient in the 30 mg

group. None of the events was considered attributable to ofatu-
mumab by the investigator. No serious infection was reported.

Liver function test elevations were reported as AE in 2
patients on 2 occasions. One patient in the 30 mg group
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Figure 1. Patient disposition. AE: adverse event; f/u: followup; LOE: lack of efficacy; OFA: ofatumumab.

Table 1. Baseline rheumatoid arthritis patient characteristics.

Ofatumumab
Characteristic Placebo, 0.3 mg, 3 mg, 30 mg, 60 mg, 100 mg, Total,

n = 8 n = 4 n = 6 n = 8 n = 6 n = 3 n = 35

Age, yrs Mean 51.4 55.8 49.0 52.8 60.2 46.0 52.8
Range 31–71 34–69 22–72 30–63 53–78 38–53 22–78

Sex, n (%) Female 7 (88) 4 (100) 5 (83) 7 (88) 6 (100) 2 (67) 31 (89)
Race, n (%) Othera 1 (13) 0 0 1 (13) 0 0 2 (6)

White 7 (88) 4 (100) 6 (100) 7 (88) 6 (100) 3 (100) 33 (94)
BMI kg/m2 30.01 30.85 30.46 27.85 29.54 30.95 29.69

Mean SD 3.82 3.60 6.17 2.16 7.47 2.41 4.52
RF-positive, n (%) 7 (88) 1 (25) 3 (50) 6 (75) 2 (33) 2 (67) 21 (60)
Anti-CCP+ n (%) 4 (50) 2 (50) 3 (50) 7 (88) 3 (50) 2 (67) 21 (60)
MTX dose Mean (mg/wk) 16.25 16.25 15.42 15.00 10.83 14.17 —
Prednisolone Mean (mg/qd) 4.75 5.83 5.00 7.00 10.00 0 —

doseb n 4 3 1 5 2 0

a American Indian or Alaska native. b Summary of steroids for patients taking steroid (prednisolone equivalent).
Anti-CCP: anticyclic citrullinated peptide; RF: rheumatoid factor; BMI: body mass index; MTX: methotrexate.
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developed ALT and AST elevations of 3 × ULN and gamma
glutamyl transferase (GGT) 2.5 × ULN 6 days and eleva-
tions of ALT 3.8 × ULN, AST of 1.6 × ULN, and GGT 2.7
× ULN 70 days postdose. Lower MTX doses resolved both
events, and they were not considered related to ofatumumab
by the investigator. A patient in the 100 mg group developed
ALT and AST elevations 6 days after study drug adminis-
tration, reaching a maximum ALT of 3.1 × ULN and AST
2.8 × ULN 21 days postdose that resolved by temporarily
discontinuing MTX. MTX was restarted 38 days postdose
followed by an elevation of ALT 5 × ULN and AST 7 ×
ULN 41 days after dosing. MTX was discontinued and these
events resolved. Both events were considered related to
ofatumumab by the investigator.

No patient in the study tested positive for antidrug
antibody up to 169 days postdose. 

Pharmacokinetics. A summary of plasma PK measures is
provided in Table 3. A single SC dose of ofatumumab at 0.3
mg or 3 mg resulted in plasma ofatumumab concentrations
near or below the LLQ (15 ng/ml). After a single SC dose of
30 mg, 60 mg, or 100 mg, ofatumumab was slowly
absorbed, with median Tmax values ranging from 4.02 to
4.49 days. Ofatumumab elimination mean half-life values
ranged from 5.20 to 6.83 days. Mean maximum concen-
tration, area under the plasma concentration curve (AUC)
from administration to last observed concentration at t, and
AUC0-∞ values for ofatumumab increased with increases in
dose from 30 mg to 100 mg. The increase was not consis-
tently dose-proportional, possibly based on the small
number of patients studied at the higher doses.
Pharmacodynamics. Median CD19+ B cell counts over time
are presented in Figure 2 and indicate an increasing level of
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Table 2. Common adverse events reported by ≥ 2 patients on treatment. Data are n (%).

Ofatumumab
Event Placebo, 0.3 mg, 3 mg, 30 mg, 60 mg, 100 mg, Total,

n = 8 n = 4 n = 6 n = 8 n = 6 n = 3 n = 27

Any event 5 (63) 4 (100) 5 (83) 8 (100) 4 (67) 3 (100) 24 (89)
Headache 3 (38) 1 (25) 0 5 (63) 0 2 (67) 8 (30)
Nausea 1 (13) 0 1 (17) 3 (38) 0 2 (67) 6 (22)
Upper respiratory 1 (13) 3 (75) 0 1 (13) 0 1 (33) 5 (19)

tract infection
Dizziness 0 0 0 2 (25) 0 1 (33) 3 (11)
Hypertension 0 1 (25) 1 (17) 1 (13) 0 0 3 (11)
Pyrexia 0 0 1 (17) 1 (13) 1 (17) 0 3 (11)
RA 1 (13) 0 0 3 (38) 0 0 3 (11)
Abdominal pain 0 1 (25) 0 1 (13) 0 0 2 (7)

(upper)
Hyperhidrosis 0 1 (25) 0 1 (13) 0 0 2 (7)
Influenza-like 0 1 (25) 0 0 0 1 (33) 2 (7)

symptoms
Laryngitis 0 0 1 (17) 0 0 1 (33) 2 (7)
Urinary tract infection 0 1 (25) 0 1 (13) 0 0 2 (7)
Viral infection 0 2 (50) 0 0 0 0 2 (7)

RA: rheumatoid arthritis.

Table 3. Summary of subcutaneous ofatumumab pharmacokinetic measures.

Ofatumumab
0.3 mg, 3 mg, 30 mg, 60 mg, 100 mg,
n = 4 n = 6 n = 8 n = 6 n = 3

Cmaxa (ng/ml) 20.0 18.4 827 1519 3405
(NA)c (3.1)d (93.3) (865) (77.2)

Tmaxb (days) 0.497 98.0 4.49 4.49 4.02
(0.50–0.50)c (55.96–140.00)d (2.01–7.00) (1.00–6.98) (4.00–5.02)

AUC (0–∞)a NA NA 7919 38014 50603
(ng/day/ml) (NA)e (NA)e (168)f (142)f (35.5)

Half-lifea (days) NA NA 5.20 5.64 6.83
(NA)e (NA)e (63.0)f (80.0)f (45.8)

a Geometric mean (% CVb); b median (range); c n = 1; d n = 2; e n = 0 (summary statistics not calculated); f n = 4.
NA: not applicable; Cmax: maximum concentration; AUC: area under the plasma concentration curve; Tmax:
maximum ofatumumab plasma concentration.

 www.jrheum.orgDownloaded on April 8, 2024 from 

http://www.jrheum.org/


CD19+ B cell depletion from the 0.3 mg to the 30 mg group,
with profound CD19+ B cell depletion in all 3 higher dose
cohorts. Reductions in median CD19+ counts were
observed at the first postdosing assessment (about 48 h). 

The target ≥ 95% CD19+ B cell median depletion was
achieved in the 30 mg, 60 mg, and 100 mg groups at the Day
29 timepoint (Table 4). Based on individual B cell counts,
1/6 patients in the 3 mg group, 7/8 in the 30 mg group, and
all patients in the 60 mg and 100 mg groups achieved the
target CD19+ B cell depletion. A secondary assessment of
depletion showed that 13 of the 17 patients who met the
CD19+ B cell target depletion achieved this because of a B
cell count below the LLQ (data not shown). Of the 17
patients in the 3 mg, 30 mg, 60 mg, and 100 mg groups who
achieved the target depletion, 14 started to replete during the
study period, at 43 days to 341 days; 11 reached the
repletion criterion at 113 days to 657 days (Table 4).

Baseline phenotype subset results were available for
14/17 ofatumumab B cell-depleted patients, 12 of whom had
the naive phenotype (CD19+CD27-IgD+) as the pre -
dominant population at baseline. Further phenotyping of
this subset showed that the majority of these cells were also
CD38+CD10- (mature naive). Memory and naive B cell
phenotype subsets were available for 16 ofatu -
mumab-treated patients with postdose analyses up to 85
days postdose. All phenotypes were depleted following

ofatumumab dosing, with absolute number of
CD27+IgD-memory cells reduced (< 2 cells/µl) for a
prolonged period in most depleted patients. Start of
repletion was characterized by emergence of mainly naive
phenotype (CD27-IgD+; data not shown). 

There was no notable pattern for change in median
systemic markers IL-6, SAA, BLC, RF, ESR, or hsCRP over
time in any of the groups. For BLyS, median predose serum
levels ranged from 842 to 1482 pg/ml across the dose
groups. At 29 days postdose, the median levels had
increased to 1984–3428 pg/ml in the B cell- depleted dose
groups of 30, 60, and 100 mg. 

DISCUSSION
Although new therapies are increasingly available, a signifi -
cant unmet medical need continues for patients with RA
who have had inadequate response to prior treatments and
require safe and effective therapy using a different
mechanism of action, such as B cell depletion. Rituximab is
presently the only approved, B cell-depleting mAb for
patients with RA. However, rituximab treatment, given as 2
IV infusions 2 weeks apart, requires IV premedication,
including glucocorticoids, and several hours of infusion
time, presenting a burden to patients and those involved in
the administration of patients’ treatment11. In addition to
providing better convenience to patients, SC administration

6 The Journal of Rheumatology 2013; 40:7; doi:10.3899/jrheum.121118
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Figure 2. Median CD19+ B cell count over time (modified intent-to-treat population). One patient included in the 0.3 mg group received an actual dose
between 0.3 and 0.5 mg. Extended safety followup visits (Days 201–208) for nonrepleted patients only are displayed as nominal study days. OFA: ofatu-
mumab; PLA: placebo; SC: subcutaneous.
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at a lower dose and slower rate of absorption, leading to less
rapid B cell depletion, may result in better tolerability and
less need for premedication, as has been seen with another
lymphocyte-depleting monoclonal antibody, alemtuzumab12. 

The safety information collected during our study
suggests that SC administration of ofatumumab at doses up
to 60 mg can be tolerated with use of oral antihistamine and
acetaminophen premedication, and without oral or IV gluco-
corticoid premedication. Although nonserious systemic
injection reactions were observed more frequently in the
ofatumumab-treated patients compared with placebo, they
were mostly mild or moderate in intensity and manageable
with use of additional oral acetaminophen or antihistamine.

For the lower doses, 0.3 mg and 3 mg, most of the
administered ofatumumab was likely cleared through
target-mediated CD20 binding in the lymphatic system
where the drug is likely to first present. Consequently, ofatu-
mumab was undetectable in plasma after a single low dose
of 0.3 mg and 3 mg, and the absolute bioavailability of about
10% appears lower than might be typical for a mAb. At 30
mg and above, bioavailability and the overall PK profile
were consistent with other subcutaneously administered
antibodies13. Repeated doses of < 30 mg in the presence of
B cell depletion would be expected to increase exposure,
and absolute bioavailability would increase accordingly.

Profound and prolonged B cell depletion was demon -
strated with single ofatumumab doses of 30 mg, 60 mg, and
100 mg. The proportion of patients achieving the target
depletion was consistent with that found in studies where
anti-CD20 antibodies were administered intravenously8,9.
The duration of depletion to levels under 5 cells/µl ranged
from 22 days to > 85 days, giving evidence of start of
repletion in some patients earlier than would be expected

with IV administration, which may be of clinical advantage
for patients who develop infections. However, most patients
did not start to replete until at least Day 43, suggesting that
monthly SC dosing may be sufficient to maintain depletion
in the periphery. The phenotype at baseline and of the
repleting cells was predominantly naive B cells, a pattern
that is also consistent with data found from IV dosing of
other anti-CD20 antibodies14,15,16. It has been reported by
Moller, et al14 that the sustained depletion of CD27+IgD–
class switched memory B cells is associated with a good
clinical response to treatment with rituximab. SC adminis-
tration of ofatumumab in the current study resulted in
depletion of these switched memory B cells at Day 85. 

The increase in BLyS observed with B cell depletion in
the 30 mg, 60 mg, and 100 mg groups is consistent with its
functions as a B cell survival factor and has been observed
with rituximab-treated patients with RA17. Because our
study was done with a small number of patients with RA
enrolled without prespecified disease activity (e.g., elevated
tender and swollen joints counts, CRP, and ESR), the lack of
effect on other markers of immune status and disease
activity is not unexpected.

Other anti-CD20 agents have been studied in patients
with RA, including SBI-087, an agent composed of
single-chain polypeptides, one-half to one-third the size of
monoclonal antibodies, capable of using Fc-mediated
functions. Preliminary results of a phase I study in patients
with RA showed that single SC SBI-087 doses of 100 mg,
200 mg, or 300 mg, doses higher than required with SC
ofatumumab, were needed to achieve B cell depletion. Fever
and chills occurred following SBI-087 injection, requiring
premedication and postmedication, including oral cortico -
steroids18. Further preliminary results from a phase II study
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Table 4. Summary of pharmacodynamic measures: CD19+ B cells (median and median percentage change from baseline).

Ofatumumab
Measures Placebo, 0.3 mg, 3 mg, 30 mg, 60 mg, 100 mg,

n = 8 n = 4 n = 6 n = 8 n = 6 n = 3

Mean baselinea (GI/l) 0.201 0.178 0.172 0.213 0.341 0.234
Day 1 predose, n 8 4 6 7 5 2
Median day 1 predose (GI/l) 0.141 0.144 0.1545 0.202 0.315 0.182
Day 29, n 8 3 6 8 4 2
Median % change 3.206 –48.322 –73.147 –98.828 –99.024 –98.418
Minimum % change –96.95 –63.31 –97.02 –99.27 –99.39 –98.99
Max % change 39.94 –29.57 –2.99 –82.96 –97.18 –97.84
Patients achieving target depletion 
No. achieving target depletion (%) 1 (13)b 0 1 (17) 7 (88) 6 (100) 3 (100)
No. achieving target depletion who 1 (100) 0 1 (100) 4 (57) 6 (100) 3 (100)

started to replete (%)
Median time in days to start of repletion 43 0 43 72.5 99 85

from target depletion (range) (43–112) (57–341) (56–112)
Median time in days to repletion from 43 0 337 590 266.5 280

target depletion (range) (253–657) (113–607) (170–421)

a Baseline is Day 1 predose value or the screening value if the Day 1 predose is missing. b Placebo patient had unexplained target depletion at Day 29 and
met repletion criterion at Day 43.
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in patients with RA indicated that SBI-087 at the highest
dosing regimen tested, 200 mg SC, administered at 0, 15
days, and 12 weeks, showed some efficacy at 16 weeks
when compared to placebo19. These results support the
possibility that ofatumumab, at low SC B cell-depleting
doses, will demonstrate efficacy on repeat administration in
present and future studies.

In our study of patients with RA taking stable doses of
MTX, to our knowledge the first clinical investigation with
SC ofatumumab, low doses of 30 mg, 60 mg, or 100 mg
resulted in profound and prolonged peripheral B cell
depletion. The observed repletion in some patients suggests
that repeat dosing may be required to obtain optimal B cell
depletion and the desired therapeutic response. Single doses
up to 60 mg were tolerated without glucocorticoid premedi-
cation. Because of fewer B cells available for lysis, repeat
dosing is likely to result in fewer systemic reactions. SC
ofatumumab 30 mg or 60 mg as the initial dose may
therefore provide a tolerated method of achieving controlled
B cell depletion. The results of our study have generated the
data that allowed progression of repeat dosing of SC ofatu-
mumab in multiple sclerosis and also support investigation
of repeat dosing in patients with active RA. 
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