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ABSTRACT

Introduction: SB5 is an approved biosimilar of
adalimumab, a monoclonal anti-tumor necrosis
factor (anti-TNF) antibody. This study com-
pared pharmacokinetics (PK), safety, tolerabil-
ity, and immunogenicity between a new high-
concentration, low-volume, and citrate-free
formulation (40 mg/0.4 ml, SB5-HC) and the
current low-concentration formulation with
higher volume (40 mg/0.8 ml, SB5-LC) to eval-
uate the bioequivalence of the two
formulations.
Methods: This study was a randomized, single-
blind, two-arm, parallel-group, single-dose
study in healthy male subjects. Subjects were
randomized to receive either SB5-HC or SB5-LC
via subcutaneous injection using a pre-filled
syringe. Primary endpoints were the area under
the curve of the concentration–time curve from
zero to infinity (AUCinf) and maximum serum
concentration (Cmax). Bioequivalence was
achieved if the 90% confidence intervals (CIs)
for the ratios of the geometric least squares
mean (LSMean) of primary endpoints were

within the pre-defined bioequivalence margins
of 0.80–1.25. Secondary endpoints included
safety, tolerability, and immunogenicity.
Results: Subjects (n = 188) were randomized to
SB5-HC (n = 94) or SB5-LC (n = 94). Baseline
characteristics were comparable between the
two treatment groups. The mean values for
AUCinf and Cmax were similar between the SB5-
HC and SB5-LC groups. For the primary end-
points, the geometric LSMean ratios (90% CI)
for AUCinf and Cmax were 0.920 (0.8262–1.0239)
and 0.984 (0.9126–1.0604), respectively, plac-
ing the corresponding 90% CIs well within the
pre-defined bioequivalence margin of
0.80–1.25. All treatment-emergent adverse
events (TEAEs) were considered mild to moder-
ate and were reported for 44.7% and 51.1% of
subjects in the SB5-HC and SB5-LC groups,
respectively. Immunogenicity assessed by fre-
quency of occurrence of anti-drug antibodies
(ADAs) and neutralizing antibodies (NAbs) was
comparable between groups.
Conclusions: This bridging study demonstrated
PK equivalence and comparable safety and tol-
erability of subcutaneous injection of SB5 via
SB5-HC or SB5-LC.
Clinicaltrials.gov identifier: https://clinicaltrials.
gov/ct2/show/NCT04514796.
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Key Summary Points

SB5 is a biosimilar of adalimumab, a
monoclonal antibody used to treat
autoimmune inflammatory diseases
(rheumatoid arthritis, Crohn’s disease,
ulcerative colitis, plaque psoriasis, etc.).

This study investigated PK, safety,
tolerability, and immunogenicity of a
high-concentration, low-volume, citrate-
free formulation of SB5 (SB5-HC)
compared to a low-concentration, high-
volume formulation of SB5 (SB5-LC).

A total of 188 healthy male volunteers
were randomly assigned to two groups
that were either administered SB5-HC or
SB5-LC and monitored for 57 days to
assess PK, safety, tolerability, and
immunogenicity.

This study demonstrated the PK
equivalence and comparable safety,
tolerability, and immunogenicity of two
formulations (SB5-HC and SB5-LC) in
healthy male volunteers.

INTRODUCTION

Adalimumab (ADL) is a recombinant, fully
humanized monoclonal antibody that binds
specifically to the inflammatory cytokine tumor
necrosis factor (TNF), a major mediator of
inflammation playing a pivotal role in autoim-
mune diseases [1]. Binding of ADL to TNF neu-
tralizes the biological function of TNF. ADL is
approved for the treatment of rheumatoid
arthritis and several other inflammatory dis-
eases [1–3].

SB5 is a biosimilar with ADL as the active
substance [4]. It is approved in the European
Union (EU) (ImraldiTM) and the United States of
America (US) (HadlimaTM) for indications such
as rheumatoid arthritis, juvenile idiopathic
arthritis, psoriatic arthritis, axial spondylitis

(ankylosing spondylitis [AS], axial spondy-
loarthritis without radiographic evidence of AS;
in US, only AS is approved), Crohn’s disease,
ulcerative colitis, and plaque psoriasis. In line
with the reference product (Humira�, a regis-
tered trademark of AbbVie Inc., North Chicago,
IL, USA), SB5 was developed as a 40 mg/0.8 ml
formulation for subcutaneous injection (SB5-
LC). A primary phase I clinical study in 189
healthy subjects established pharmacokinetic
(PK) equivalence and comparable safety and
immunogenicity profiles between single 40 mg
doses of SB5-LC and its EU-sourced and US-
sourced reference ADL [5]. A consecutive phase I
study in 190 healthy subjects demonstrated
bioequivalence, including comparable safety
and tolerability, of single 40-mg doses of SB5-LC
administered with an autoinjector and a pre-
filled syringe, respectively [6].

A phase III clinical study in 544 patients with
moderate-to-severe active rheumatoid arthritis
despite methotrexate therapy demonstrated
equivalent efficacy between SB5-LC and the
reference ADL (both 40 mg subcutaneously
every other week) with regard to the primary
endpoint (American College of Rheumatology
20% improvement criteria, ACR20) and other
efficacy endpoints [7]. ACR20 response rates at
week 24 were 72.4% and 72.2% in SB5-LC and
the reference ADL, respectively. Efficacy, safety,
and immunogenicity remained comparable up
to week 52 [8]. Also, among patients who swit-
ched from reference ADL to SB5-LC after week
24 or continued to receive reference ADL, the
ACR20, ACR50 and ACR70 response rates, as
well as safety profiles and the incidence of anti-
drug antibodies (ADAs), were comparable up to
week 52.

A new formulation of the reference ADL has
been approved with a reduced volume and
higher concentration (40 mg/0.4 ml) than the
prior formulation (40 mg/0.8 ml) and six excip-
ients including citric acid being removed [2, 3].
Accordingly, a high-concentration, low-volume,
citrate-free formulation of SB5 (SB5-HC) has
been newly developed as a part of life cycle
management to accommodate the reference
ADL formulation. The current study aimed to
demonstrate the PK equivalence and comparable
safety, tolerability, and immunogenicity of
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subcutaneous SB5-HC (40 mg/0.4 ml) and SB5-
LC (40 mg/0.8 ml) formulation in healthy male
subjects.

METHODS

Study Population

The study population comprised healthy male
subjects. Key inclusion criteria were age of
18–55 years, body weight of 65.0–90.0 kg, and a
body mass index (BMI) of 20.0–29.9 kg/m2 at
screening and baseline (day 1). In addition,
eligible subjects were to show no clinically rel-
evant abnormalities in 12-lead electrocardio-
gram (ECG), vital signs, physical examination,
and clinical laboratory tests at screening and
baseline. Key exclusion criteria were a diagnosis
of active or latent tuberculosis, previous treat-
ment with ADL, and known or suspected clini-
cally relevant drug hypersensitivity to ADL or to
any of the excipients.

Study Design

This was a randomized, single-blind, two-arm,
parallel-group, single-dose study performed at
Parexel Early Phase Clinical Unit, Berlin, Ger-
many, between August 2020 and May 2021
(clinicaltrials.gov identifier NCT04514796). The
final study protocol was approved by the local
Independent Ethics Committee (IEC; Ethics
committee of the state of Berlin, State Office of
Health and Social Affairs, Berlin, Germany, ref-
erence number 20/0178). This study was con-
ducted in accordance with the Declaration of
Helsinki (1996) and is consistent with the
International Council for Harmonization Good
Clinical Practice guidelines and applicable local
regulatory requirements and laws. Written
informed consent was obtained from each sub-
ject before enrolment. The consent form was
reviewed and approved by the IEC prior to use.

Eligible subjects were randomized in a 1:1
ratio to receive a single 40-mg dose of either
SB5-HC or SB5-LC, subcutaneously injected
with a pre-filled syringe in the left or right upper
abdominal quadrant of the periumbilical area

on day 1. Subjects were observed for 57 days
during which PK, safety, tolerability, and
immunogenicity measurements were per-
formed. Primary endpoints were the area under
the concentration–time curve from time zero to
infinity (AUCinf) and maximum serum concen-
tration (Cmax). Secondary PK endpoints inclu-
ded area under the concentration–time curve
from time zero to the last quantifiable concen-
tration (AUClast), time to Cmax (Tmax), apparent
volume of distribution during the terminal
phase (Vz/F), terminal rate constant (kz), termi-
nal half-life (t1/2), apparent total body clearance
(CL/F), and percentage of AUCinf due to
extrapolation from time of last measurable
concentration (Tlast) to infinity (%AUCextrap).
The safety endpoints were adverse events (AEs)
and serious AEs (SAEs), clinical laboratory val-
ues, 12-lead ECG, vital signs, physical exami-
nation, and injection site assessment.
Immunogenicity endpoints were the incidence
of ADAs and neutralizing antibodies (NAbs) to
ADL.

Pharmacokinetic Evaluation

Blood samples for PK analysis were collected at
0 (pre-dose), 24, 48, 96, 120, 144, 168, 216, 264,
336, 408, 504, 600, 696, 840, 1008, and
1344 hours (h) post-dose. Subjects were dis-
charged on day 2 with the rest of study period
consisting of outpatient visits. Serum concen-
trations of ADL were measured using a validated
enzyme-linked immunosorbent assay (ELISA)
specific for the detection and quantification of
ADL. The lower limit of quantitation was
0.05 lg/ml, and the upper limit of quantitation
was 1.50 lg/ml. Intra- and inter-assay precision
and accuracy displayed a percent coefficient of
variation (CV%) of 6.6% and 14.8%, respec-
tively. The primary endpoint AUCinf was cal-
culated as AUClast plus last observed
concentration (Ct) divided by kz. Linear regres-
sion after log-transformation using the last
three (or more) non-zero concentrations was
used to calculate kz. Terminal half-life (t1/2) was
calculated by ln(2)/kz.
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Safety Evaluation

All reported terms for AEs were coded using the
Medical Dictionary for Regulatory Activities
(MedDRA�) version 23.0. Specifically, injection
sites were assessed for redness, bruising, swel-
ling, itching, and pain using a numeric rating
scale from 0 to 3 (0 = none, 1 = mild,
2 = moderate, 3 = severe). The total score was
the sum of these points, ranging from 0 to 15. If
an injection site reaction reached a total score
sum C 2, it was recorded as an AE. The injection
site assessment was conducted at six time points
(pre-dose, immediately post-dose, 15 minutes
(min) post-dose, 24 h, 48 h, and 96 h post-
dose). For the pain evaluation during injection
site assessment, a visual analogue scale (VAS;
0 mm = no pain; 100 mm = intolerable pain)
was used and the readouts were categorized as
no pain (scale\10 mm), mild pain (scale C 10
to\50 mm), moderate pain (scale C 50
to\70 mm), and severe pain (scale C 70 mm)
with pain defined to interfere with life if VAS
was C 50 mm [9–11].

Immunogenicity Evaluation

Blood samples for immunogenicity were col-
lected on day 1 (pre-dose), day 26, and day 57 to
detect ADAs and NAbs to ADL. The samples for
immunogenicity were analyzed using the Meso
Scale Discovery� platform (Rockville, MD, USA)
with acid dissociation to release any ADAs
complexed with free drug.

Statistical Methods

The original sample size of 232 subjects to
achieve 90% power at a 5% dropout rate was
reduced to 188 subjects to achieve 85% power at
a 1% dropout rate. This change was imple-
mented as a protocol amendment during the
COVID-19 pandemic in accordance with local
conditions. A sample size of 93 completing
subjects per treatment group provided 85%
power to detect a 20% difference in PK between
the test and reference investigational product
based on the assumption of 5% difference in
true geometric means between test and

reference group and inter-subject percent coef-
ficient of variation (CV%) of 46%. Considering
AUCinf and Cmax as the primary endpoints for
this clinical study, 41% inter-subject CV% was
used as a conservative approach, based on
known variability of PK parameters in previous
studies involving SB5-LC [5, 6]. An additional
5% uncertainty was added to account for the
different concentration of the new formulation
SB5-HC. Sample size was calculated in respect to
two one-sided t tests, each at 5% significance
level.

The safety set consisted of all subjects who
received the study drug, and the PK analysis set
consisted of all subjects who were included in
the safety set and had at least one PK sample
analyzed without any major protocol deviation
that has an impact on PK analysis.

Statistical analyses of primary endpoints
were based on an analysis of variance (ANOVA)
model with treatment as fixed effect. The dif-
ference in geometric least squares means
(LSMeans) of primary endpoints between the
SB5-HC and SB5-LC group and the associated
90% confidence intervals (CIs) for the ratio of
the geometric LSMeans were determined. Back
transformation provided the ratio of geometric
LSMeans and 90% CIs for these ratios. Equiva-
lence of the primary endpoints was determined
if the 90% CI for the ratio of geometric LSMeans
of the SB5-HC to SB5-LC group was within the
acceptance interval of 0.80–1.25. A subgroup
analysis was conducted to investigate impact of
post-dose ADA status on PK parameters. The
post-dose ADA status was defined as positive for
subjects with at least one ADA positive test post-
baseline, and defined as negative for subjects
without any ADA positive test post-baseline. PK
parameters were calculated using Phoenix�

WinNonlin� version 8.2 (Certara, Palo Alto, CA,
USA).

RESULTS

Subject Disposition and Baseline
Characteristics

A total of 411 subjects were screened, of whom
188 received a single dose of study drug (SB5-
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LC, n = 94; SB5-HC, n = 94) (Fig. 1). Mean age
was 38.4 years (range, 18–55 years) and baseline
characteristics were comparable between the
treatment groups (Table 1). All randomized
subjects completed the study. One subject in
the SB5-HC group was excluded from the PK
analysis set for major protocol deviation (i.e.,
not being withdrawn in the event of confirmed
COVID-19).

Pharmacokinetic Evaluation

The mean serum concentration–time profiles
were superimposable between SB5-LC and SB5-
HC (Fig. 2) and the mean values and ranges of
PK parameters were comparable between treat-
ments (Table 2). Maximum serum concentra-
tions (Cmax) were reached between 24 and 410 h
after injection. The 90% CIs of the geometric
LSMean ratios for AUCinf, Cmax, and AUClast

were fully contained within the pre-defined

bioequivalence margin of 0.80–1.25 (Table 3).
The geometric LSMean ratios (90% CI) of the
primary endpoints AUCinf and Cmax for SB5-HC
compared with SB5-LC were 0.920
(0.8262–1.0239) and 0.984 (0.9126–1.0604),
respectively.

For one subject in the SB5-LC group, only
Cmax, Tmax, and AUClast were included in the PK
analysis as the regression slope, necessary to
determine the remaining parameters, could not
be reliably estimated because most of the mea-
sured serum concentrations were below the
lower limit of quantification during the elimi-
nation phase.

Safety Evaluation

The proportion of subjects who experienced a
treatment-emergent adverse event (TEAE) was
comparable between the SB5-HC and SB5-LC
groups (42 subjects [44.7%] and 48 subjects

Fig. 1 CONSORT Subject disposition. One subject in the
SB5-HC group was excluded from the PK analysis set for a
major protocol deviation (i.e., for not being withdrawn in

the event of confirmed COVID-19). PK = pharmacoki-
netic; SB5-HC = 40 mg/0.4 ml SB5 in a pre-filled syringe;
SB5-LC = 40 mg/0.8 ml SB5 in a pre-filled syringe
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[51.1%], respectively; Table 4). All TEAEs were
mild or moderate in severity and no TEAE led to
study discontinuation. There were no SAEs
reported. The most frequently reported TEAE in
both treatment groups was headache (10.6% in
the SB5-HC and 12.8% in the SB5-LC group,
Table 4). The proportion of subjects who expe-
rienced TEAEs considered to be related to the
study drug was 18.1% in the SB5-HC and 29.8%
in the SB5-LC group. The most frequently

reported TEAEs in any treatment group consid-
ered to be related to the study drug were

Table 1 Demographics and other baseline characteristics (randomized set)

Characteristics SB5-HC
N = 94

SB5-LC
N = 94

Total
N = 188

Gender [n (%)]

Male 94 (100%) 94 (100%) 188 (100%)

Age [years]

Mean ± SD 38.6 ± 9.91 38.2 ± 10.50 38.4 ± 10.19

Median 39.0 38.0 39.0

Min–max 18–55 19–55 18–55

Height* [cm]

Mean ± SD 179.0 ± 5.50 179.4 ± 6.31 179.2 ± 5.90

Median 179.0 179.0 179.0

Min–max 164–194 169–197 164–197

Weight� [kg]

Mean ± SD 78.79 ± 6.236 78.73 ± 7.085 78.76 ± 6.657

Median 78.85 78.90 78.85

Min–max 65.4–89.9 65.0–90.0 65.0–90.0

BMI� [kg/m2]

Mean ± SD 24.62 ± 2.126 24.49 ± 2.181 24.56 ± 2.149

Median 24.45 24.50 24.50

Min–max 20.4–29.7 20.0–29.6 20.0–29.7

Race [n (%)]

White 87 (92.6%) 92 (97.9%) 179 (95.2%)

Asian 3 (3.2%) 0 (0.0%) 3 (1.6%)

Other 4 (4.3%) 2 (2.1%) 6 (3.2%)

BMI body mass index, Max maximum, Min minimum, Mean arithmetic mean, SB5-HC 40 mg/0.4 ml SB5 in a pre-filled
syringe, SB5-LC 40 mg/0.8 ml SB5 in a pre-filled syringe, SD standard deviation
*At screening; �on day -1

c

Fig. 2 Mean adalimumab serum concentrations versus
nominal times on a linear and a semi-logarithmic scale (PK
analysis set). Mean serum concentrations versus nominal
times on linear (top graph) and semi-logarithmic scale
(bottom graph) of SB5-HC (40 mg/0.4 ml) and SB5-LC
(40 mg/0.8 ml)
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Table 2 Summary of pharmacokinetic parameters (PK analysis set)

Parameter [unit] SB5-HC

N = 93

SB5-LC

N = 94

AUCinf [h�lg/ml]

n 93 93

Mean ± SD 2883.1 ± 1253.66 3091.8 ± 1215.27

Cmax [lg/ml]

n 93 94

Mean ± SD 4.294 ± 1.3863 4.333 ± 1.3441

AUClast [h�lg/ml]

n 93 94

Mean ± SD 2469.2 ± 833.48 2614.7 ± 836.40

Tmax [h]

n 93 94

Median (min–max) 142.417 (23.95–410.17) 142.825 (24.02–336.45)

Vz/F [ml]

n 93 93

Mean ± SD 6898.4 ± 2980.40 6968.6 ± 2916.46

kz [1/h]

n 93 93

Mean ± SD 0.00299 ± 0.001874 0.00296 ± 0.002634

t1/2 [h]

n 93 93

Mean ± SD 357.93 ± 245.776 387.11 ± 241.941

CL/F [ml/h]

n 93 93

Mean ± SD 17.031 ± 8.8104 15.535 ± 7.9656

%AUCextrap [%]

n 93 93

Mean ± SD 10.650 ± 11.0632 11.599 ± 10.6826

AUCinf area under the concentration–time curve (AUC) from time zero to infinity, AUClast AUC from time zero to the last quantifiable

concentration, CL/F apparent total body clearance, Cmax maximum serum concentration, max maximum, Mean arithmetic mean, min

minimum, N number of subjects in the PK analysis set, n number of subjects who contributed to summary statistics, SB5-HC 40 mg/0.4 ml

SB5 in pre-filled syringe, SB5-LC 40 mg/0.8 ml SB5 in pre-filled syringe, SD standard deviation, t1/2 terminal half-life, Tmax time to reach

Cmax, Vz/F apparent volume of distribution during the terminal phase, kz terminal rate constant, %AUCextrap percentage of AUCinf due to

extrapolation from time of last measurable concentration (Tlast) to infinity. One subject in the SB5-HC group was excluded from the PK

analysis set due to major protocol deviations. For one subject in the SB5-LC group only Cmax, Tmax, and AUClast were included in the PK

analysis as the regression slope could not be reliably estimated due to observations being below the lower limit of quantification during the

elimination phase
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injection site reaction (score of C 2 according to
the rating scale), headache, and nausea. The
incidence of injection site reactions in the SB5-
HC group was lower than that in the SB5-LC
group (four subjects [4.3%] vs. ten subjects
[10.6%]). The mean VAS scores immediately
after injection were 3.1 ± 4.98 mm in the SB5-
HC group and 9.2 ± 12.98 mm in the SB5-LC
group. The mean VAS scores 15 min after

injection were 0.5 ± 1.34 mm in the SB5-HC
group and 1.7 ± 3.55 mm in the SB5-LC group
(Supplementary Table 1). Laboratory data, vital
signs, and ECG parameters did not show clini-
cally relevant changes that might be considered
related to the study drug over time.

The overall incidence of subjects with post-
dose ADAs to ADL was comparable between the
two groups (Table 5), 93.6% of subjects in the

Table 3 Statistical comparison of primary and key secondary pharmacokinetic parameters between SB5-HC and SB5-LC
(PK analysis set)

Parameter [unit] Treatment N n Geo-LSMean Ratio SB5-HC/SB5-LC 90% CI of Ratio

AUCinf [h�lg/ml] SB5-HC 93 93 2616.1 0.920 0.8262; 1.0239

SB5-LC 94 93 2844.3

Cmax [lg/ml] SB5-HC 93 93 4.1 0.984 0.9126; 1.0604

SB5-LC 94 94 4.1

AUClast [h�lg/ml] SB5-HC 93 93 2317.5 0.942 0.8604; 1.0310

SB5-LC 94 94 2460.6

AUCinf area under the concentration–time curve (AUC) from time zero to infinity, AUClast AUC from time zero to last
quantifiable concentration, CI confidence interval, Cmax maximum serum concentration, Geo geometric, LSMean least
squares mean, N number of subjects in the PK analysis set, n number of subjects who contributed to summary statistics,
SB5-HC 40 mg/0.4 ml SB5 in a pre-filled syringe, SB5-LC 40 mg/0.8 ml SB5 in a pre-filled syringe

Table 4 Safety profile (safety set)

Safety parameter SB5-HC
N = 94
n (%)

SB5-LC
N = 94
n (%)

Total
N = 188
n (%)

Any TEAE 42 (44.7) 48 (51.1) 90 (47.9)

Related TEAE 17 (18.1) 28 (29.8) 45 (23.9)

Any SAE 0 0 0

Any TEAE leading to discontinuation 0 0 0

TEAEs occurring in[ 5% of subjects in any treatment group (preferred term)

Headache 10 (10.6) 12 (12.8) 22 (11.7)

Injection site reaction 4 (4.3) 10 (10.6) 14 (7.4)

Back pain 1 (1.1) 5 (5.3) 6 (3.2)

Nausea 0 (0.0) 5 (5.3) 5 (2.7)

N number of subjects in the safety set, n number of subjects with event, SAE serious adverse event, SB5-HC 40 mg/0.4 ml
SB5 in a pre-filled syringe, SB5-LC 40 mg/0.8 ml SB5 in a pre-filled syringe, TEAE treatment-emergent adverse event
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SB5-HC group and 94.7% of subjects in the SB5-
LC group tested positive for the presence of
ADAs post-dose. The overall incidence of sub-
jects with post-dose NAbs to ADL among those
who had a positive ADA result was comparable
between the SB5-HC and SB5-LC formulations
(75.0 and 67.4%, respectively; Table 5). A sub-
group analysis by post-dose ADA status showed
no impact of ADA positivity on the equivalence
of SB5-HC and SB5-LC. PK parameters such as
AUCinf, AUClast, Cmax, CL/F and t1/2 were com-
parable between the two treatment groups
within each ADA-positive and ADA-negative
subgroups (Supplementary Table 2).

DISCUSSION

This randomized, single-blinded, two-arm, par-
allel-group bridging study was designed to

demonstrate PK equivalence between SB5-HC
and SB5-LC in healthy male subjects. All par-
ticipants received a single subcutaneous injec-
tion of 40 mg ADL as either higher
concentration (40 mg/0.4 ml, SB5-HC) or lower
concentration (40 mg/0.8 ml, SB5-LC) formula-
tion of ADL. The study results demonstrated
that the two formulations showed comparable
PK characteristics. In addition, safety and
immunogenicity profiles were also comparable
between both groups.

For the primary endpoints AUCinf and Cmax,
the 90% CI for the ratio of geometric LSMean of
SB5-HC and SB5-LC were within the pre-defined
bioequivalence margins of 0.80 to 1.25, indi-
cating that the two treatments were bioequiva-
lent. All remaining PK parameters were
comparable between both treatment groups,
consistent with the previous phase I PK studies
of SB5-LC which demonstrated PK equivalence
of SB5-LC to both EU-sourced and US-sourced
reference ADL [5].

In this study, a single dose of SB5-HC or SB5-
LC administered to healthy male subjects
showed comparable safety and tolerability
between the treatment groups. The proportion
of subjects who experienced TEAEs was com-
parable between the SB5-HC and SB5-LC
groups. The most frequently reported TEAEs
considered to be related to the study drug were
injection site reaction, headache, and nausea,
which all resolved spontaneously by the end of
the study visit. No severe TEAEs were reported
and no subjects discontinued because of a TEAE.
Furthermore, no safety concerns were found
based on clinical laboratory evaluations, vital
signs, and 12-lead ECGs.

The incidence and severity of injection site
reactions were low in both the SB5-HC and SB5-
LC group throughout the study while lower
incidence was found in the SB5-HC compared
to the SB5-LC group. In terms of pain VAS
intensity, the largest difference was found
immediately after injection when the highest
intensity was measured in both groups. Those
reactions mostly diminished in both groups
after 15 min (Supplement 1). Factors known to
contribute to subcutaneous injection site reac-
tions can be grouped into product-related and
patient-related factors (e.g., low body weight or

Table 5 Incidence of ADAs and incidence of NAbs

Parameter
Time
point

SB5-HC
N = 94
n/n’ (%)

SB5-LC
N = 94
n/n’ (%)

Total
N = 188
n/n’ (%)

ADA-positive result

Baseline 5/94 (5.3) 4/94 (4.3) 9/188 (4.8)

Day 26 81/94 (86.2) 83/94 (88.3) 164/188 (87.2)

Day

57/EOS

83/93 (89.2) 86/94 (91.5) 169/187 (90.4)

Post-dose 88/94 (93.6) 89/94 (94.7) 177/188 (94.1)

NAb-positive result

Baseline 0/5 (0.0) 0/4 (0.0) 0/9 (0.0)

Day 26 28/81 (34.6) 23/83 (27.7) 51/164 (31.1)

Day

57/EOS

65/83 (78.3) 59/86 (68.6) 124/169 (73.4)

Post-dose 66/88 (75.0) 60/89 (67.4) 126/177 (71.2)

ADA = anti-drug antibody; EOS = end of study; N =
number of subjects in the Safety Set; n0 = number of
subjects with available assessment at each time point and
category; n = number of subjects within the category; NAb
= neutralizing antibody; SB5-HC = 40 mg/0.4 mL SB5 in
pre-filled syringe; SB5-LC = 40 mg/0.8 mL SB5 in pre-
filled syringe. Percentages were based on n0
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needle phobia) [12]. The product-related factors
include the formulation (ingredients, pH, or
buffers), injection volume, needle gauge size, or
type of device. Although the amount of the
active ingredient is the same (i.e., 40 mg ADL),
SB5-HC is different from SB5-LC by means of
50% reduced injection volume (i.e., 40 vs.
80 ml) and excipients (e.g., citrate-free). With
high injection volume and certain excipients
being potential triggers of injection site pain
[13–15], the lower volume and difference in the
formulation may be the reason for the reduc-
tion of injection site related reactions.

The reduction of injection-site reactions and
pain may positively affect treatment adherence
in patients with chronic conditions who require
repeated dosing [16]. Currently, the recom-
mended subcutaneous dosage of ADL for adult
patients with rheumatoid arthritis, psoriatic
arthritis, or ankylosing spondylitis is 40 mg
administered every other week [2, 3]. As previ-
ous reports showed that reduced injection site
pain, achieved by low-volume or citrate-free
formulations and other means, significantly
increased patients’ compliance [17, 18], a newly
developed, low-volume and citrate-free formu-
lation of SB5 (SB5-HC) may contribute to a
better patient adherence to treatment.

Limitations of the present study include
factors related to the study population. Only
healthy male subjects were selected because
they were considered to be a more homoge-
neous and represent a sensitive population to
compare PK characteristics than patients with
various disease-related factors [19].

CONCLUSIONS

A newly developed, high-concentration, low-
volume, citrate-free formulation of SB5 (SB5-
HC) demonstrated PK bioequivalence with
comparable safety and immunogenicity char-
acteristics to the low-concentration, high-vol-
ume formulation of SB5 (SB5-LC) in healthy
male subjects.
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