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ABSTRACT

Introduction: Belimumab is a recombinant
human immunoglobulin G1k monoclonal
antibody indicated as an intravenous (IV)
10 mg/kg and subcutaneous (SC) 200-mg dose
for the treatment of systemic lupus erythe-
matosus (SLE). Belimumab 10 mg/kg IV has
been approved for the treatment of patients
with SLE in China. This phase 1 study investi-
gated the pharmacokinetics (PK), safety, and

tolerability of belimumab 200 mg SC and the
approved IV formulation in a healthy Chinese
population.
Methods: This was a 13-week open-label, ran-
domized, parallel-group study in healthy Chi-
nese volunteers. Eligible volunteers were
randomized (1:2) to receive a single dose of IV
or SC (via auto-injector) belimumab 200 mg. PK
and safety endpoints were evaluated using
descriptive statistics.
Results: Thirty-six healthy Chinese volunteers
were enrolled and all completed the study.
Concentration–time profiles were as expected
for both formulations. Overall, 130 adverse
events (AEs) were reported, with 28 AEs repor-
ted in 11 (91.7%) volunteers in the IV group
and 102 AEs in 24 (100%) volunteers in the SC
group. Of the 130 AEs, 104 (80.0%) were con-
sidered to be treatment-related (27 [20.8% of
total AEs] treatment-related AEs in the IV group;
77 [59.2% of total AEs] in the SC group).
Although the occurrence of AEs was higher in
the SC group, most volunteers (91.7%) experi-
enced AEs of mild intensity. The most fre-
quently reported AEs included injection site
pain (n = 19 [79.2%]) and oropharyngeal pain
(n = 5 [20.8%]) in the SC group, and positive
bacterial test, upper respiratory tract infection,
blood uric acid increase, white blood cell count
increase, asthenia, and diarrhea (n = 2 [16.7%],
each) in the IV group.
Conclusions: PK profiles of 200 mg SC and IV
belimumab administrations were similar to
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previous studies, and safety profiles were
acceptable, supporting the use of the SC dose in
Chinese patients with SLE.
Trial registration: NCT04136145.

PLAIN LANGUAGE SUMMARY

Systemic lupus erythematosus (SLE) is a long-
term autoimmune disease that affects patients’
quality of life. Belimumab is an antibody used
in several countries in combination with stan-
dard therapy to treat patients with SLE. Beli-
mumab can be given monthly either via a vein
(intravenous, IV) or weekly under the skin
(subcutaneous, SC). In China, only the IV beli-
mumab has been approved for the treatment of
patients with SLE. Therefore, we carried out a
study in healthy Chinese volunteers to compare
the concentration of a single dose of IV or SC
belimumab in the body over time, and to
investigate the safety of SC belimumab to assist
its approval in China. In our study, the con-
centration and safety of both administration
methods were similar; however, more volun-
teers from the SC treatment group had urinal-
ysis-related side effects compared with the IV
treatment group. All of these side effects were of
mild intensity and did not require treatment.
These results suggest that SC belimumab could
be used for the treatment of Chinese patients
with SLE.

Keywords: Belimumab; Intravenous; Monoclo-
nal antibody; Pharmacokinetics; Safety; Subcu-
taneous; Systemic lupus erythematosus

Key Summary Points

Why carry out this study?

Systemic lupus erythematosus (SLE) is a
chronic autoimmune disease having a 2–3
times higher prevalence and incidence
rate in Asian populations than in the
Caucasian population.

Belimumab, a recombinant
immunoglobulin G1k human
monoclonal antibody that binds and
neutralizes B-lymphocyte stimulator, is
approved for the treatment of SLE in
several countries via monthly intravenous
(IV) 10 mg/kg doses or weekly
subcutaneous (SC) 200-mg doses.
However, the belimumab 200 mg SC
formulation is not approved for the
treatment of SLE by the Chinese National
Medical Products Administration.

The current open-label, randomized,
single-dose, phase 1 study (GSK Study
209629; NCT04136145) was conducted to
investigate the pharmacokinetics (PK) and
safety of belimumab 200 mg SC (via auto-
injector) and the approved IV formulation
(200 mg) in 36 healthy Chinese
volunteers.

What was learned from the study?

The concentration–time profiles of
belimumab 200 mg IV and SC
demonstrated similar exposure after single
dosing in healthy Chinese volunteers.

Concentration–time profiles of
belimumab 200 mg SC and IV
administrations in healthy Chinese
volunteers were similar to previous
studies. Safety and tolerability profiles
were acceptable; however, a greater
proportion of volunteers from the SC
treatment group experienced urinalysis-
related AEs compared with the IV
treatment group. All urinalysis-related AEs
were of mild intensity and resolved
without treatment. These findings support
the use of the SC dose in Chinese patients
with SLE.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic
disease characterized by elevated levels of
autoantibodies and persistent autoimmune
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activation of B cells, which can lead to organ
damage [1–7]. SLE is associated with a broad
spectrum of clinical manifestations that may
substantially impact health-related quality of
life of patients with SLE [8, 9]. The incidence of
SLE per 100,000 person-years is 7.2–23.2 in the
USA [10, 11], 1.0–3.6 in Denmark [12], 3.0–4.9
in the UK [13–15], 2.5–2.8 in South Korea [16],
3.1–6.7 in Chinese populations [17, 18], and
3.0–8.4 in Taiwan [19, 20]. In terms of race, the
prevalence and incidence rates of SLE are
approximately 2–3 times higher in the Asian
population compared with the Caucasian pop-
ulation [21]. Additionally, patients of Asian
descent with SLE have been reported to experi-
ence more severe disease, a higher incidence of
renal involvement, and a higher proportion of
autoantibody positivity than non-Asian indi-
viduals with SLE [22].

The current treatment of SLE focuses on
targeting B cells and their stimulators owing to
their key role in the pathogenesis of the disease
[23, 24]. Belimumab is a recombinant human
immunoglobulin G1k monoclonal antibody
that binds to B-lymphocyte stimulator (BLyS),
neutralizing its activity [25]. The efficacy and
safety of belimumab have been shown in
patients with active SLE in several phase 2 and
phase 3 clinical trials [5, 7, 26–28]. The data
from these studies have also suggested that
belimumab may have a corticosteroid-sparing
effect [5, 7, 26, 27]. Monthly doses of intra-
venous (IV) belimumab 10 mg/kg or weekly
doses of subcutaneous (SC) belimumab 200 mg
are indicated for the treatment of SLE in addi-
tion to standard therapy in several countries
[25, 29–31]. Belimumab 10 mg/kg IV is
approved for the treatment of patients with SLE
in China [32, 33], however the efficacy and
safety of SC belimumab have not yet been
evaluated among Chinese patients. Therefore,
the current study was conducted to investigate
the pharmacokinetics (PK) and safety of beli-
mumab 200 mg SC and the approved IV for-
mulation in healthy Chinese volunteers. This
study was designed to demonstrate similar
exposure after single SC and IV dosing to sup-
port the approval of the belimumab 200 mg SC
formulation in China.

METHODS

Study design

This was an open-label, randomized, parallel-
group, single-dose, phase 1 study (GSK Study
209629; NCT04136145) in healthy Chinese
volunteers. This study was conducted between
October 28, 2019 and January 14, 2020 at the
Shanghai Public Health Clinical Center,
Shanghai. All eligible volunteers were random-
ized (1:2) to receive a single dose of either beli-
mumab 200 mg IV or belimumab 200 mg SC. A
parallel design was selected as the terminal half-
life of belimumab is longer than 2 weeks
(18 days) based on the previous population PK
analysis [34]. The randomization was stratified
based on body weight (\65 kg and C 65 kg). A
total of 250 ml IV dose was infused over 1 h and
the SC dose was administered via an auto-in-
jector device into the front of the thigh within
15 s. As shown in Fig. 1, the total study duration
including screening was approximately
13 weeks, with the final assessments taken on
day 71 post-dosing.

The study was approved by the ethics com-
mittee of Shanghai Public Health Clinical Cen-
ter (2019-E035-03), and conducted in
accordance with the International Council on
Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use,
Good Clinical Practice ethical principles, and
the Declaration of Helsinki. Written informed
consent was obtained from each volunteer prior
to the performance of any study-specific proce-
dures. The informed consent form provided a
detailed description of the safety risks, includ-
ing possible serious adverse reactions or risks,
common adverse reactions, and effects on
pregnancy.

Study participants

Eligible participants were healthy Chinese vol-
unteers between 18 and 45 years of age, with a
body weight of at least 45 kg for females and
50 kg for males, with a body mass index
between 19.0 and 26.0 kg/m2, and non-smokers
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or ex-smokers (if they had ceased smoking for at
least 6 months prior to initiation of this study).

Main exclusion criteria included current or
chronic history of liver disease or known hep-
atic or biliary abnormalities (except for Gilbert’s
syndrome or asymptomatic gallstones), history
of malignant neoplasm within the last 5 years
(except for adequately treated basal or squa-
mous cell cancers of the skin or carcinoma
in situ of the uterine cervix), and B-cell–targeted
therapy at any time. Complete exclusion crite-
ria are listed in the Supplementary Materials.

Female volunteers of child-bearing potential
were eligible to participate in this study if they
agreed to use a highly effective method of
contraception consistently and correctly (a list
of contraceptive methods is provided in Sup-
plementary Table 1). Female volunteers were
only included after a confirmed menstrual per-
iod and a negative highly sensitive serum
pregnancy test performed and assayed at
day - 1. Additional urine pregnancy testing
was required at screening, day 29, day 57, and
day 71 and whenever a menstrual cycle was
missed or when pregnancy was suspected.
Pregnancy within 16 weeks after day 71 were
assessed with home kits and volunteers could
report the results via their phone to the site.

Study endpoints

The primary endpoint of this study was to
characterize the PK profile of belimumab
200 mg after IV and SC administration via auto-
injector in healthy Chinese volunteers. For this
purpose, blood samples were collected at regular
intervals from volunteers in both treatment
groups. For the IV belimumab treatment group,
blood samples were collected at: pre-dose,
- 0.5, 0, 1, 6, 24, 48, 72, 96, 168, 336, 504, 672,
1008, 1344, and 1680 h relative to the time of
dosing. The - 0.5-h time point was 30 min after
the start of the IV infusion and 0-h time point
was the end of the hour-long IV infusion. For
the SC belimumab treatment group, blood
samples were collected at: pre-dose, 6, 24, 48,
72, 96, 120, 144, 168, 240, 336, 504, 672, 1008,
1344, and 1680 h relative to the time of dosing.
Belimumab serum concentrations were mea-
sured using a MESO QuickPlex SQ 120 with a
validated electrochemiluminescence analytical
method by Meso Scale Discovery analysis,
which had lower and upper limits of quantifi-
cation of 100 ng/ml and 12,800 ng/ml, respec-
tively. Quality control (QC) samples
(containing belimumab at three different con-
centrations and stored with study samples) were
analyzed with each batch of samples against
separately prepared calibration standards. To be

Fig. 1 Study design. IV intravenous, SC subcutaneous

1714 Rheumatol Ther (2021) 8:1711–1724



considered acceptable, no more than one-third
of the QC results were to deviate from the
nominal concentration by more than ± 20%,
and at least half of the results from each QC
concentration were to be within ± 20% of
nominal concentration. All analytical runs met
predefined run acceptance criteria. Mean (stan-
dard deviation [SD]) concentration–time by
treatment group were plotted on both linear
and semi-log scales.

The key secondary endpoint was safety and
tolerability, assessed by monitoring of adverse
events (AEs), injection site reactions, clinical
laboratory tests, electrocardiogram (ECG), and
vital signs. AEs were collected from the start of
treatment until the follow-up visit on day 71.

Statistical analysis

No formal sample size sensitivity analysis was
performed. The sample size was determined
based on a minimum required sample size of 20,
as per the Chinese Regulatory Guidance for a
phase 1 clinical trial [35]. Therefore, the initial
aim was to evaluate 20 volunteers in the SC
belimumab treatment group but to adjust the
sample size for the IV belimumab treatment
group to ten due to the lower variability
observed for IV belimumab in previous clinical
trials. However, the sample size was increased to
36, assuming a dropout rate of 20%, to obtain at
least 20 evaluable volunteers in the SC group
and ten evaluable volunteers in the IV group.
The safety population was defined as all ran-
domized volunteers who received one dose of
study treatment and the PK population was
defined as all volunteers from the safety popu-
lation for whom C 1 evaluable PK sample was
obtained and analyzed. No power calculations
were performed; therefore PK and safety end-
points were evaluated using descriptive statis-
tics. AEs were coded using the Medical
Dictionary for Regulatory Activities (MedDRA)
and summarized by system organ class (SOC)
and preferred term. The number and percentage
of volunteers with any AEs occurring on or after
treatment were summarized by treatment
group. The AEs related to injection site reactions
were summarized for SC group only.

RESULTS

Participant disposition and baseline
demographics

A total of 171 volunteers were screened, of
which 36 (21.1%) were enrolled in the study.
Reasons for screening failure included 131
(76.6%) volunteers not meeting the inclusion/
exclusion criteria, one (0.6%) volunteer was
failed based on investigator discretion, and
three (1.8%) withdrew consent. Of the 36 vol-
unteers enrolled in this study, 12 were ran-
domized to the IV group and 24 to the SC
group. All 36 volunteers completed the study.
The baseline demographics were similar across
both IV and SC belimumab groups (Table 1).
The mean age of the volunteers was 28.7 years
and majority (81%) were male.

Pharmacokinetic results

Mean (SD) concentration/time profiles of beli-
mumab were obtained for belimumab 200 mg

Table 1 Baseline demographics (safety population)

Belimumab
200 mg IV
n = 12

Belimumab
200 mg SC
n = 24

Agea, years, mean

(SD)

27.9 (3.99) 29.1 (6.44)

Sex, n (%)

Female 3 (25.0) 4 (16.7)

Male 9 (75.0) 20 (83.3)

BMI, kg/m2,

mean (SD)

22.4 (1.89) 22.1 (1.69)

Height, cm, mean

(SD)

166.7 (7.68) 167.8 (6.52)

Weight, kg, mean

(SD)

62.7 (9.06) 62.6 (7.09)

BMI body mass index, IV intravenous, SC subcutaneous,
SD standard deviation
a Age is imputed when full date of birth is not provided
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IV and belimumab 200 mg SC (Fig. 2). In the IV
group, the mean (SD) serum belimumab con-
centration increased from 0 (0.0) ng/ml pre-
dose to 64,474.6 (9167.2) ng/ml at 1 h (day 1)
post-dose. The concentration then progressively
decreased to 10,115.7 (2290.0) ng/ml at 672 h
(day 29) and to 1916.6 (936.5) ng/ml at 1680 h
(day 71) post-dose (Table 2). In the SC group,
the mean (SD) serum belimumab concentration
increased from 0 (0.0) ng/ml pre-dose to 963.8
(875.5) ng/ml at 6 h (day 1) post-dose, and
reached the peak of 17,262.9 (3702.0) ng/ml at
240 h (day 11). The concentration then pro-
gressively decreased to 7551.1 (2836.1) ng/ml at
672 h (day 29) and to 1365.7 (931.5) ng/ml at
1680 h (day 71) post-dose (Table 2).

Safety results

A total of 130 AEs were reported in this study,
with 28 (21.5%) AEs reported in 11 (91.7%)
volunteers in the IV group and 102 (78.5%) AEs
reported in 24 (100%) volunteers in the SC
group. The AEs were of mild (95.4%, n = 124/
130) or moderate (4.6%, n = 6/130) severity.

The most frequently reported AEs in the IV
group included diarrhea, asthenia, upper respi-
ratory tract infection, positive bacterial test,
blood uric acid increase, and white blood cell
(WBC) count increase (16.7% each; Table 3).
The most frequently reported AEs in the SC
group included injection site pain (79.2%),
oropharyngeal pain (20.8%), mouth ulceration
(16.7%), positive bacterial test (16.7%), neu-
trophil count decrease (16.7%), and occult
blood positive (16.7%; Table 3). Most of the AEs
(85.4%) resolved during the study.

Overall, 80% of total AEs were considered by
the investigator to be treatment-related; treat-
ment-related events were reported in 83.3% of
volunteers in the IV group and 91.7% of vol-
unteers in the SC group (Table 3). The most
frequently reported treatment-related AEs in the
IV group included diarrhea, positive bacterial
test, blood uric acid increase, WBC count
increase, upper respiratory tract infection, and
asthenia (16.7% each; Table 3). The most fre-
quently reported treatment-related AEs in the
SC group included oropharyngeal pain (20.8%),
mouth ulceration, positive bacterial test,

Fig. 2 Mean (? SD) belimumab concentration–time
plots for the belimumab 200 mg IV and SC treatment
groups (a linear and b semi-log; PK population; IV,

n = 12; SC, n = 24). IV intravenous, PK pharmacoki-
netic, SC subcutaneous, SD standard deviation
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Table 2 Serum belimumab concentration–time data (ng/ml; PK population)

Planned relative
time

Belimumab 200 mg IV
n = 12

Planned relative
time

Belimumab 200 mg SC
n = 24

Mean (SD) Median (min., max.) Mean (SD) Median (min., max.)

Pre-dose 0.0 (0.0) 0.0 (0, 0) Pre-dose 0.0 (0.0) 0.0 (0, 0)

30 min start IV

(day 1)

26,567.4

(3602.7)

27,245.6 (20,616,

30,897)

6 h (day 1) 963.8 (875.5) 742.5 (114, 4093)

0 h (day 1) 63,403.2

(6104.6)

64,504.5 (50,656,

71,552)

24 h (day 2) 6255.4

(4255.2)

4905.6 (1010,

16,708)

1 h (day 1) 64,474.6

(9167.2)

66,965.3 (49,492,

78,162)

48 h (day 3) 11,838.9

(5838.5)

11,345.7 (2657,

25,531)

6 h (day 1) 57,450.1

(7804.5)

59,956.6 (41,827,

66,979)

72 h (day 4) 14,501.9

(6105.5)

14,577.8 (4272,

30,932)

24 h (day 2) 50,284.8

(4898.9)

49,343.0 (40,915,

57,468)

96 h (day 5) 16,682.3

(6038.3)

17,409.5 (5769,

30,496)

48 h (day 3) 40,738.2

(6858.4)

42,234.0 (25,116,

48,412)

120 h (day 6) 16,131.3

(6055.2)

16,393.1 (6194,

31,172)

72 h (day 4) 32,845.9

(9835.9)

34,844.2 (17,184,

47,450)

144 h (day 7) 16,752.1

(5184.2)

17,763.1 (8253,

27,535)

96 h (day 5) 30,995.0

(6472.1)

31,302.9 (17,096,

40,586)

168 h (day 8) 16,825.5

(5096.0)

17,720.6 (7924,

28,291)

168 h (day 8) 23,850.3

(3898.4)

24,244.0 (14,678,

29,171)

240 h (day 11) 17,262.9

(3702.0)

17,417.3 (10,274,

26,221)

336 h (day 15) 15,930.7

(3859.5)

15,385.3 (9234,

21,845)

336 h (day 15) 14,724.2

(3519.9)

14,354.4 (7061,

22,925)

504 h (day 22) 11,291.5

(3860.4)

11,739.8 (4192,

16,073)

504 h (day 22) 11,235.9

(2928.1)

11,206.5 (5036,

19,113)

672 h (day 29) 10,115.7

(2290.0)

9867.8 (7110,

14,351)

672 h (day 29) 7551.1

(2836.1)

7460.2 (2774,

15,352)

1008 h (day 43) 5838.3

(1868.9)

5573.4 (3288, 8705) 1008 h (day 43) 4720.3

(1827.4)

4745.4 (1330, 9297)

1344 h (day 57) 3146.7

(1275.2)

2979.6 (1806, 5546) 1344 h (day 57) 2651.6

(1345.4)

2605.3 (595, 6866)

1680 h (day 71) 1916.6 (936.5) 1603.9 (825, 3375) 1680 h (day 71) 1365.7 (931.5) 1300.2 (284, 4730)

IV intravenous, PK pharmacokinetic, SC subcutaneous, SD standard deviation
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neutrophil count decrease, and occult blood
positive (16.7% each; Table 3).

There were 20 injection site reactions repor-
ted in 79.2% of volunteers in the SC group. The
most frequently reported injection site reaction
was injection site pain (79.2%). No deaths,
serious AEs (SAEs), or AEs leading to with-
drawals were reported during this study.

A total of 17 clinical chemistry-related AEs
were reported in ten (27.8%) volunteers: two
(16.7%) volunteers in the IV group and eight
(33.3%) in the SC group (Table 4). Hematology-
related AEs were reported in seven volunteers
(19.4%): three (25.0%) volunteers in the IV
group, and four (16.7%) volunteers in the SC
group (Table 4). Urinalysis-related AEs were
reported in nine (37.5%) volunteers in the SC
group and none in the IV group (Table 4). Four
clinically significant AEs of decreased
immunoglobulin M (IgM;\0.4 g/L) levels were
reported in one volunteer in the IV group and
three (12.5%) volunteers in the SC group
(Table 4). All clinically relevant chemistry-re-
lated AEs were mild in severity, and most were
considered by the investigator as related to
belimumab and were resolved without treat-
ment. Clinically significant abnormality in ECG
parameters was reported in two volunteers in
the SC group on day 71 (follow-up visit). The

Table 3 Summary of AEs by SOC (safety population)

Number of volunteers (%)a

Belimumab
200 mg IV
n = 12

Belimumab
200 mg SC
n = 24

Adverse events 11 (91.7) 24 (100.0)

AE preferred terms

occurring in[ 10%

volunteers:

Injection site pain 0 (0.0) 19 (79.2)

Asthenia 2 (16.7) 0 (0.0)

Oropharyngeal pain 1 (8.3) 5 (20.8)

Mouth ulceration 1 (8.3) 4 (16.7)

Diarrhea 2 (16.7) 0 (0.0)

Positive bacterial test 2 (16.7) 4 (16.7)

Neutrophil count decrease 0 (0.0) 4 (16.7)

Occult blood positive 0 (0.0) 4 (16.7)

Blood IgM decrease 1 (8.3) 3 (12.5)

Blood uric acid increase 2 (16.7) 3 (12.5)

WBC count increase 2 (16.7) 0 (0.0)

Upper respiratory tract

infection

2 (16.7) 3 (12.5)

Hematuria 0 (0.0) 3 (12.5)

Treatment-related AEs 10 (83.3) 22 (91.7)

Treatment-related AEs

preferred terms occurring

in[ 10% volunteers

Oropharyngeal pain 1 (8.3) 5 (20.8)

Mouth ulceration 1 (8.3) 4 (16.7)

Diarrhea 2 (16.7) 0 (0.0)

Positive bacterial test 2 (16.7) 4 (16.7)

Neutrophil count decrease 0 (0.0) 4 (16.7)

Occult blood positive 0 (0.0) 4 (16.7)

Blood IgM decrease 1 (8.3) 3 (12.5)

Blood uric acid increase 2 (16.7) 3 (12.5)

WBC count increase 2 (16.7) 0 (0.0)

Table 3 continued

Number of volunteers (%)a

Belimumab
200 mg IV
n = 12

Belimumab
200 mg SC
n = 24

Upper respiratory tract

infection

2 (16.7) 3 (12.5)

Hematuria 0 (0.0) 3 (12.5)

Asthenia 2 (16.7) 0 (0.0)

AE adverse event, IgM immunoglobulin M, IV intra-
venous, SC subcutaneous, SOC system organ class, WBC
white blood cell
a Volunteers could be counted in multiple AEs
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Table 4 AEs related to the clinical laboratory evaluations, ECG, and vital signs by SOC (safety population)

Clinically relevant AEs Belimumab 200 mg IV
n = 12

Belimumab 200 mg SC
n = 24

n (%)a No. of AEs n (%)a No. of AEs

Clinical chemistry 2 (16.7) 4 8 (33.3) 13

ALT[ 50 IU/l 0 (0.0) 0 2 (8.3) 3

AST[ 40 IU/l 0 (0.0) 0 1 (4.2) 1

Blood bilirubin[ 20.5 lmol/l 1 (8.3) 1 1 (4.2) 2

Blood creatinine[ 73 lmol/l 1 (8.3) 1 0 (0.0) 0

Blood glucose[ 6.1 mmol/l 0 (0.0) 0 1 (4.2) 1

Blood triglycerides[ 1.69 mmol/l 0 (0.0) 0 1 (4.2) 1

Blood uric acid[ 350 lmol/l 2 (16.7) 2 3 (12.5) 3

GGT[ 60 IU/l 0 (0.0) 0 1 (4.2) 2

Hematology 3 (25.0) 4 4 (16.7) 9

Hematocrit\ 0.35, unit: fraction of 1 0 (0.0) 0 1 (4.2) 1

Hb\ 115 g/l 1 (8.3) 1 2 (8.3) 4

Neutrophil count\ 1.8 9 109/l 0 (0.0) 0 4 (16.7) 4

Neutrophil count[ 6.3 9 109/l 1 (8.3) 1 0 (0.0) 0

WBC count[ 9.5 9 109/l 2 (16.7) 2 0 (0.0) 0

Urinalysis 0 (0.0) 0 9 (37.5) 11

Hematuria 0 (0.0) 0 3 (12.5) 3

Occult blood positive 0 (0.0) 0 4 (16.7) 5

Urine ketone bodies present 0 (0.0) 0 2 (8.3) 2

Glucose urine present 0 (0.0) 0 1 (4.2) 1

Immunoglobulin 1 (8.3) 1 3 (12.5) 3

Blood IgM\ 0.4 g/l 1 (8.3) 1 3 (12.5) 3

ECG and vital signs 0 (0.0) 0 2 (8.3) 3

T wave abnormal 0 (0.0) 0 2 (8.3) 2

Heart rate increased 0 (0.0) 0 1 (4.2) 1

AE adverse event, ALT alanine aminotransferase, AST aspartate aminotransferase, ECG electrocardiogram, GGT gamma-
glutamyl transferase, Hb hemoglobin, IgM immunoglobulin M, IU international unit, IV intravenous, SC subcutaneous,
SOC system organ class, WBC white blood cells
a Volunteer could be counted in multiple AEs related to clinical laboratory evaluations, ECG, or vital signs
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events in both volunteers were of mild intensity
and were considered by the investigator as
possibly not related to belimumab. No treat-
ment-related or clinically relevant changes in
vital sign values were observed.

DISCUSSION

The current phase 1 study investigated the PK
(concentration–time profile) and safety of beli-
mumab administered as a single IV or SC
200-mg doses in healthy Chinese volunteers.
This is the first study to investigate SC beli-
mumab in a Chinese population.

The SC belimumab injection exhibited
slower absorption compared with the IV infu-
sion. The maximum serum belimumab con-
centrations were observed at the completion of
IV infusion (1 h after the start of infusion) and
11 days after SC injection. This is expected with
high molecular weight monoclonal antibodies
absorbed via the lymphatic system [36, 37]. The
maximum serum concentration of belimumab
after SC administration was approximately 70%
lower than that after IV administration. How-
ever, both belimumab formulations were
cleared in the same length of time after
administration (71 days), which indicates that
the administration method does not affect the
elimination of belimumab.

The belimumab concentration–time profiles
observed in this study are in agreement with
those observed in a previous post hoc modeling
and simulation analysis comparing belimumab
200–240 mg IV and 200 mg SC administration
in US and Japanese populations [38]. In this
post hoc analysis conducted by Yapa et al., the
peak of the mean serum belimumab concen-
tration for the single-dose IV formulation was
observed on day 1 at approximately 70,000 ng/
ml in the US and 40,000 ng/ml in Japanese
populations, and for the single-dose SC formu-
lation, the peak was observed at day 4 at
approximately 20,000 ng/ml in both popula-
tions [38]. Similarly, in the current study, the
mean serum belimumab concentration peak for
the IV formulation was also observed at day 1 at
64,474.6 ng/ml; however, for the SC formula-
tion, the peak was observed slightly later, at day

11 at 17,262.9 ng/ml. Irrespective of the for-
mulation, belimumab was eliminated by day
71, which is consistent with previously reported
belimumab results [38]. The belimumab 200 mg
IV and SC concentration–time profiles of the
current study are also similar to that obtained in
a single-dose PK study with belimumab 200 mg
IV (day 1 [peak]: * 65,000 ng/ml; day
21: * 18,000 ng/ml; day 71: * 4400 ng/ml)
and SC (day 7 [peak]: * 25,000 ng/ml; day
29: * 17,000 ng/ml; day 71: * 4000 ng/ml)
performed in healthy Japanese volunteers [36].

Although most volunteers (91.7% from the
IV group and 100% from the SC group) experi-
enced an AE in the current study, most were of
mild severity and resolved without treatment.
No SAEs AEs leading to withdrawals, or deaths
were reported throughout the duration of this
study, which is in agreement with the safety
results observed in previous SC belimumab
studies in healthy volunteers [36, 39]. The most
frequently reported AE in the SC group of this
study was injection site pain, which was also
one of the most frequently reported AEs in
previous belimumab studies in healthy US and
Japanese volunteers [36, 39]. All injection site
pain AEs reported in the current study and all
but one in the US study were of mild intensity
[39]. In a previous phase 3 SC belimumab study
in patients with SLE (BLISS-SC; ClinicalTri-
als.gov NCT01484496), 81% of patients experi-
enced C 1 AE [27]. This proportion was lower
than in the current study, in which 100% of
healthy volunteers in the SC group experienced
an AE. The most frequently reported AE in the
BLISS-SC study was infections and infestations
[27], which were also the most frequently
reported treatment-related AEs in the current
study. In addition, only 6.1% of belimumab
patients in BLISS-SC experienced local injection
site reactions [27], compared with 79.2% of
volunteers in the current study. Furthermore,
while 10.8% of patients with SLE in the BLISS-
SC study experienced SAEs [27], no SAEs were
reported in the healthy Chinese volunteers in
the current study.

Neutropenia occurred in four volunteers
receiving belimumab 200 mg SC in this study.
While two of the cases were considered by the
investigator as possibly not related to
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belimumab, the neutropenia in two volunteers
was deemed by the investigator as treatment-
related. All cases were mild in intensity and
resolved without treatment.

There was a decrease in blood IgM levels
reported in one volunteer receiving belimumab
200 mg IV and three volunteers receiving beli-
mumab 200 mg SC. IgM autoantibodies consti-
tute a protective barrier to viral and bacterial
infections, and their induced decrease following
belimumab administration could suggest possi-
ble immunosuppression. Immunoglobulin
abnormalities have been reported to be a fre-
quent occurrence in patients receiving B-cell
therapy and therefore immunoglobulin levels
should be monitored throughout B-cell therapy
[40].

Despite a higher proportion of volunteers
receiving belimumab 200 mg SC (37.5%, n = 9/
24) experiencing urinalysis-related AEs com-
pared with those receiving belimumab 200 mg
IV (0.0%, n = 0/12), 9/11 (81.8% of total uri-
nalysis-related AEs) of the events (three hema-
turia, five occult blood positive, and one urine
ketone bodies present) were considered treat-
ment-related, all were mild in intensity and all
were resolved without treatment. Combined
with the small size of the treatment groups and
the fact that urinalysis-related AEs were of mild
intensity and generally resolved without treat-
ment by end of the study, the difference in
urinalysis-related AEs between treatment groups
were not considered to be clinically significant.

In addition to acceptable PK and safety pro-
files, belimumab 200 mg SC may be preferable
to the IV route of belimumab administration in
China, since IV administration, in general,
poses several disadvantages for patients includ-
ing substantial travel time to clinics, infusion
time, time for post-infusion monitoring, and
substantial financial expenses related to clinical
supplies and personnel [27]. In addition, the
recommended dose of IV belimumab for the
treatment of SLE is 10 mg/kg once every 4 weeks
[29–31], rather than the 200 mg administered in
this study. Therefore, the lower dose of beli-
mumab 200 mg IV in this study may have
minimized the proportion of AEs experienced
and may not be comparable in safety evaluation

to the recommended belimumab 10 mg/kg IV
dose administered every 4 weeks.

This study has a few limitations including a
single-dose design, and lack of statistical com-
parisons, which precludes a full assessment of
the PK and long-term safety of SC belimumab in
Chinese volunteers. Additionally, this phase 1
study was conducted in young (mean age
28.7 years), healthy, predominantly male (81%)
volunteers, which may not be generalizable to
the wider patient population with SLE.

CONCLUSIONS

In conclusion, concentration–time profiles of
belimumab 200 mg SC and IV administrations
in healthy Chinese volunteers were similar to
previous studies in the USA and Japan. Safety
and tolerability profiles were acceptable.
Although a greater proportion of volunteers
from the SC treatment group experienced uri-
nalysis-related AEs compared with the IV treat-
ment group, all were of mild intensity and
resolved without treatment. These findings
support the use of the SC dose in Chinese
patients with SLE.
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