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AIMS
SB4 has been developed as a biosimilar of etanercept. The primary objective of the present study was to demonstrate the
pharmacokinetic (PK) equivalence between SB4 and European Union -sourced etanercept (EU-ETN), SB4 and United States-
sourced etanercept (US-ETN), and EU-ETN and US-ETN. The safety and immunogenicity were also compared between the
treatments.

METHODS
This was a single-blind, three-part, crossover study in 138 healthy male subjects. In each part, 46 subjects were randomized at a
1:1 ratio to receive a single 50mg subcutaneous dose of the treatments (part A: SB4 or EU-ETN; part B: SB4 or US-ETN; and part C:
EU-ETN or US-ETN) in period 1, followed by the crossover treatment in period 2 according to their assigned sequences. PK
equivalence between the treatments was determined using the standard equivalence margin of 80–125%.

RESULTS
The geometric least squares means ratios of AUCinf, AUClast and Cmax were 99.04%, 98.62% and 103.71% (part A: SB4 vs.
EU-ETN); 101.09%, 100.96% and 104.36% (part B: SB4 vs. US-ETN); and 100.51%, 101.27% and 103.29% (part C: EU-ETN
vs. US-ETN), respectively, and the corresponding 90% confidence intervals were completely contained within the limits of
80–125 %. The incidence of treatment-emergent adverse events was comparable, and the incidence of the antidrug anti-
bodies was lower in SB4 compared with the reference products.

CONCLUSIONS
The present study demonstrated PK equivalence between SB4 and EU-ETN, SB4 and US-ETN, and EU-ETN and US-ETN in healthy
male subjects. SB4 was well tolerated, with a lower immunogenicity profile and similar safety profile compared with those of the
reference products.
WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• A biosimilar is a biological medicine that is highly similar to another biological medicine that has already been authorized for use.
• Etanercept (Enbrel®) is a biological product originally approved for the treatment of rheumatoid arthritis, and biosimilar prod-
ucts to etanercept are in development by several pharmaceutical companies.

• A comparative PK study is an essential part of, and the first step to, a biosimilar clinical development programme.
© 2016 Samsung Bioepis Co., Ltd. British Journal of Clinical Pharmacology published by John Wiley & Sons LtdDOI:10.1111/bcp.12929
on behalf of British Pharmacological Society.
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Comparative PK study of SB4 with etanercept reference product (Enbrel®)
WHAT THIS STUDY ADDS
• SB4 has been developed as a biosimilar to etanercept by Samsung Bioepis Co., Ltd.
• SB4 was shown to be equivalent to the reference products (EU-sourced etanercept and US-sourced etanercept), in terms of PK
after single-dose administration in healthy subjects.

• SB4 was well tolerated, with a lower immunogenicity profile and similar safety profile compared with those of the reference
products.
Introduction
Etanercept (ETN; Enbrel®, Pfizer, New York, NY, USA) is a re-
combinant human tumour necrosis factor (TNF) receptor
(TNFR) p75Fc fusion protein [1]. It has been widely used in
clinical practice for approximately 15 years, with a well char-
acterized pharmacological, efficacy and safety profile [2–7].
Originally licensed for use in moderate-to-severe rheumatoid
arthritis (RA), the therapeutic indications have been ex-
tended stepwise and now comprise the treatment of patients
with polyarticular juvenile idiopathic arthritis, psoriatic ar-
thritis, ankylosing spondylitis, psoriasis and paediatric psori-
asis. Recently, ETN has also been approved for use in
nonradiographic axial spondyloarthritis by the European
Medicines Agency (EMA) [8].

A biosimilar is a biological medicinal product that is
highly similar to an already authorized original biological
medicinal product (reference medicinal product) in terms
of quality, safety and efficacy, based on a comprehensive
comparability exercise [9–11]. According to biosimilar
guidelines from the EMA and the US Food and Drug
Administration (FDA), nonclinical studies to evaluate the
structural characteristics, physicochemical properties,
in vitro biological activities and in vivo behaviour are
required before initiating clinical studies to compare the
efficacy, safety and pharmacokinetics (PK) of the biosimilar
with those of the reference product, to demonstrate
biosimilarity [9, 11].

SB4 has been developed as a biosimilar to ETN by
Samsung Bioepis Co., Ltd, Incheon, Republic of Korea. An ex-
tensive characterization of structural, physiochemical and bi-
ological attributes of SB4 and ETN was conducted using 61
analytical methods. The similarity of quality between SB4
and ETN was evaluated based on the similarity range (mean
± kSD) that had been set with ETN or a head-to-head compar-
ison of analytical data. The characterization studies included
an extensive comparison of primary, secondary and tertiary
structure, purity and process-related impurities; glycan con-
tent and identity; and biological activities based on the
mechanism of action. These extensive characterization stud-
ies showed that SB4 has an identical primary amino acid se-
quence to ETN. In addition, SB4 and ETN showed similar
binding activities to TNF (TNF-α and lymphotoxin α3) and
similar potency, assessed by the TNF-α neutralization assay
using the nuclear factor-κB reporter gene. On the other hand,
the proportion of high molecular weight and misfolded spe-
cies was lower in SB4 than in ETN; however, these species
are believed to be inactive, and being usually in the form of
aggregates, potentially cause unfavorable effects. In the case
of the N-/O-glycosylation site, three N-glycosylation and 13
potential O-glycosylation sites of SB4 were identical to those
of ETN, and these identical glycosylation sites rendered total
sialic acid content highly similar to that of ETN. Some minor
differences in the relative content of N-glycan species and
charge heterogeneity were detected in SB4 compared with
ETN but they were not considered as significant for the bio-
logical function of ETN based on the demonstration of com-
parable TNF-α binding activity and TNF-α neutralization
activity to ETN (Cho et al., manuscript submitted) [12]. In ad-
dition, nonclinical studies, including a pharmacodynamic
comparison study in collagen antibody-induced arthritic
mice and a four-week repeated toxicity study in cynomolgus
monkeys, showed that SB4 and ETN had similar behaviour
in vivo [12].

Based on quality and nonclinical studies, clinical studies
were conducted to demonstrate PK and therapeutic equiva-
lence between SB4 and ETN. SB4 has been recently granted
marketing authorization in the European Union (EU) under
the trade name Benepali® and in the Republic of Korea under
the trade name Brenzys®. The present article provides the re-
sults of the first clinical study of SB4 designed to demonstrate
the PK equivalence of SB4 and its reference products in
healthy male subjects.
Methods

Study design
The study comprised three parts (parts A, B and C), in which
each part had a randomized, single-blind, two-period, two-
sequence, single-dose, crossover study design (Figure 1).
There was a 28-day washout period between drug administra-
tion in periods 1 and 2. The primary objective of the present
study was to demonstrate PK equivalence between SB4 and
EU-ETN (part A), between SB4 and US-ETN (part B) and be-
tween EU-ETN and US-ETN (part C). The secondary objectives
were to compare safety, tolerability and immunogenicity be-
tween the two treatments in each part.

The subjects had to be between the ages of 18 and 55
years and to have a body mass index (BMI) between 20.0
and 29.9 kg m–2. Subjects were required to have normal
screening results for vital signs, physical examinations, clin-
ical laboratory tests and 12-lead electrocardiograms (ECGs).
Subjects with a history and/or current presence of clinically
significant atopic allergies, hypersensitivity or allergic reac-
tions to ETN, or with either active or latent tuberculosis
(TB) [assessed using the QuantiFERON®-TB Gold test
(QIAGEN, Venlo, the Netherlands)] and/or a history of TB,
and those with any other clinically significant disease were
excluded from the study. Subjects with a previous exposure
to ETN were also excluded.
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Figure 1
Three-part, two-period, two-sequence, single-dose, crossover study design. In each of parts A, B and C, 46 healthy male subjects were randomized
1:1 to receive a single 50 mg subcutaneous dose of the treatments [part A: SB4 or EU-ETN; part B: SB4 or US-ETN; part C: EU-ETN or US-ETN) in
period 1, followed by the crossover treatment in period 2, according to their assigned sequences. The study treatments were separated by a 28-
day washout period. PK, pharmacokinetic
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Subjects who met all of the inclusion/exclusion criteria
were hospitalized in the PAREXEL Early Phase Clinical Unit
(Berlin, Germany) on the day before the drug was adminis-
tered in period 1 and received one of investigational drugs
subcutaneously in the periumbilical area, according to their
sequence. The subjects were discharged on the sixth day af-
ter drug administration and required to visit the Clinical
Unit subsequently to assess the PK, safety and immunoge-
nicity up to 21 days after drug administration. During the
second period, subjects received the other drug, according
to their sequence. The schedule of the activities was the
same as in period 1.

A sample size of 32 completing subjects in each part of the
study would provide at least 90% power to detect a 20% dif-
ference in PK between the test and reference drug. This as-
sumed an intrasubject coefficient of variation (CV) of 25%
based upon previously generated PK data [13]. Thus, to allow
for the possibility of all randomized subjects not completing
the whole study period, a sample size of 38 subjects was cho-
sen, to ensure that we could measure PK parameters for at
least 32 subjects, for both periods.

The study was conducted in compliance with Good
Clinical Practice and the Declaration of Helsinki. The study
protocol and its amendments were approved by the
Independent Ethics Committee of Berlin. All of the partici-
pants provided written informed consent prior to any
study-related procedures. The study was registered at
ClinicalTrials.gov (NCT01865552).
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Pharmacokinetic evaluations
Blood samples for PK analysis were collected predose and at 6,
12, 24, 36, 48, 60, 72, 84, 96, 120, 144, 168, 216, 312 and 480
h after each treatment. The serum concentration was measured
by a validated enzyme-linked immunosorbent assay that detects
SB4 and reference products in the serum usingmousemonoclo-
nal human TNFRII/TNFRSF1B antibody and goat polyclonal hu-
man TNFRII/TNFRSF1B biotinylated antibody (R&D Systems,
Minneapolis, MN, USA). The lower limit of quantification of
the assay was 0.02 μg ml–1. The interbatch assay accuracy was
expressed as the percentage relative error for a quality control
sample (%) and ranged from �12.4% to 11.1%. The interbatch
assay precision was expressed as the relative standard deviation
(%) and ranged from 6.7% to 19.8%.

The concentration–time data were analysed with a
noncompartmental method, using WinNonlin® 6.2 (Pharsight
Corp., Mountain View, CA, USA). The maximum concentration
(Cmax) and time to Cmax (Tmax) were obtained directly from the
observed values. The terminal elimination rate constant (λz) was
estimated in the terminal phase by linear regression after loge-
transformation of the concentrations. The terminal half-life was
calculated as ln(2)/λz. The linear up/log down trapezoidal rule
was used to obtain the area under the concentration–time curve
from time zero to the last quantifiable concentration (AUClast).
AUC extrapolated to infinity (AUCinf) was calculated as AUClast

+Clast/λz,whereClast is the last quantifiable concentration. Appar-
ent clearance (CL/F) was calculated as the dose/AUCinf, and the
apparent volume of distribution (Vz/F) was estimated as CL/F/λz.

http://ClinicalTrials.gov
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The statistical analysis of the loge-transformed primary PK
parameters (AUCinf, AUClast and Cmax) was conducted using
analysis of variance (ANOVA), with SAS 9.2 (Statistical Analy-
sis System, SAS-Institute, Cary, NC, USA). Sequence, subject,
period and treatment were included in the ANOVA model as
fixed effects and the subject effect nested within the sequence
was tested as a random effect. The differences in least squares
means (LSMeans) of the loge-transformed primary PK param-
eters between SB4 and EU-ETN, SB4 and US-ETN, and EU-ETN
and US-ETN, and the corresponding 90% confidence inter-
vals (CIs) were determined. Back transformation provided
the ratio of geometric means and the related 90% CIs for
the original parameters. PK equivalence was demonstrated if
the 90% CI for the ratio of geometric LSMeans of the pairwise
comparison was within the predefined equivalence margin of
80–125% [14, 15].

Safety evaluations
All adverse events (AEs) recorded during the course of the
study were coded according to the Medical Dictionary for
Regulatory Activities (Version 15.1). The safety assessments
included clinical laboratory tests, 12-lead ECGs, vital signs
and physical examinations.

Immunogenicity evaluations
Blood samples for detecting antidrug antibodies (ADA) and
the neutralizing antibodies (NAb) were collected only at
predose in period 1 (day 1, baseline) and predose in period 2
(day 29) to investigate the development of ADA against the
first treatment administered in period 1. As it may have been
difficult to identify which product caused an ADA detected
after period 2, no additional blood samples were collected
during the study. The samples were analysed by Covance Lab-
oratories Ltd (Harrogate, UK).

The samples for immunogenicity evaluation were
analysed following an approach using validated tiered
electrochemiluminescent (ECL) immunoassays; these in-
volved an initial screen, in which samples were assessed for
the presence of ADA, followed by a confirmation assay, which
Table 1
Demographic characteristics of the subjects (mean ± SD)

Part A

Subjects (n) 46

Age (years) 39 ± 10.2

Race (n)

White 46

Black or African American 0

Other 0

Height (cm) 181 ± 6

Weight (kg) 79.5 ± 8.5

BMI (kg m–2) 24.4 ± 2.3

SD, standard deviation; BMI, body mass index
determined whether a positive sample in screening reacted
specifically with the free drug. The ECL method is a bridging
ligand binding assay, using labelled versions of SB4, to mini-
mize bioanalytical bias associated with interassay variability
and the possibility of inconsistent false-positive/false-
negative results due to the labelling of multiple antigens (to
minimize preparing biotinylated and ruthenylated forms of
both SB4 and ETN) and to detect ADAs to the neo-epitope of
SB4.

A validated cell-based assay was used to determine
whether ADA-positive samples had a neutralizing activity.
Results

Subject disposition
A total of 138 male subjects were enrolled in the study. The
average age, height, weight and BMI of the subjects were sim-
ilar across the three parts of the study. The majority of the
subjects were white (Table 1). The demographics were also
comparable between the sequences in each part (Table S1).

Of the 138 subjects, six subjects discontinued the study
before the start of period 2 (part A: one subject; part B: one
subject; part C: four subjects). Among them, only two sub-
jects discontinued the study because of treatment-emergent
AEs (TEAEs) related to the treatments in part C: one reported
oral herpes ofmoderate severity after EU-ETN administration,
and the other had a clinically significant increase in alanine
transaminase (ALT) after EU-ETN administration. The other
four subjects discontinued owing to TEAEs not related to
the treatments (nasopharyngitis, a tooth abscess and a
ligament rupture) or subject noncompliance (because the
subject consumed excessive quantities of alcohol during the
study). There was no subject discontinuation during period
2 (Figure 2).

PK results
Of the 132 subjects who completed the study, three individ-
uals in part A and one in part B were excluded from the PK
Part B Part C Total

46 46 138

40 ± 9.5 41 ± 9.9 40 ± 9.8

45 44 135

0 1 1

1 1 2

178 ± 7 179 ± 7 179 ± 7

77.8 ± 7.3 78.7 ± 7.8 78.7 ± 7.9

24.5 ± 2.3 24.6 ± 2.2 24.5 ± 2.3
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Figure 2
Summary of subject disposition. All enrolled subjects were included in the safety analysis. Among them, subjects who completed both period 1
and period 2 were included in the PK analysis. ALT, alanine transaminase
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analysis owing to baseline concentrations of greater than 5%
of Cmax in period 2 following the guidelines of bioequiva-
lence studies [14, 16]. The exclusion of these subjects was ex-
pected to have no significant impact on the results because
individual PK parameters were distributed around their me-
dian values in period 2.

The mean serum concentration–time profiles were super-
imposable between the two treatments in each part of the
study (Figure 3).
Figure 3
Mean (SD) serum concentration of etanercept after single 50 mg subcutane
and (C) EU-ETN vs. US-ETN in part C. SD, standard deviation
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The mean values of the PK parameters, including AUCinf,
AUClast, Cmax, Tmax, Vz/F, half-life and CL/F, were similar be-
tween the two treatments in each part (Table 2). The geomet-
ric LSMeans ratios (90%CI) for AUCinf, AUClast and Cmax were
99.04% (94.71–103.58%), 98.62% (94.17–103.28%) and
103.71% (98.46–109.25%) between SB4 and EU-ETN in part
A; 101.09% (95.75–106.73%), 100.96% (95.37–106.87%)
and 104.36% (97.74–111.41%) between SB4 and US-ETN in
part B; and 100.51% (91.48–110.42%), 101.27% (92.34–
ous dose of (A) SB4 or EU-ETN in part A; (B) SB4 or US-ETN in part B;



Table 2
Summary statistics of the pharmacokinetic parameters (mean ± SD)

Part A Part B Part C

SB4 EU-ETN SB4 US-ETN EU-ETN US-ETN

Subject (n) 42 42 44 44 42 42

AUCinf (μg h ml–1) 769 ± 244 772 ± 226 835 ± 243 810 ± 196 790 ± 274 768 ± 238

AUClast (μg h ml–1) 728 ± 235 734 ± 220 789 ± 232 765 ± 185 752 ± 259 728 ± 230

Cmax (μg ml–1) 3.61 ± 1.43 3.44 ± 1.24 3.87 ± 1.33 3.61 ± 1.03 3.72 ± 1.54 3.58 ± 1.48

Tmax (h)† 72 (36–146) 72 (36–144) 72 (24–144) 60 (36–120) 60 (24–144) 60 (24–120)

Vz/F (l) 11.2 ± 4.7 10.5 ± 4.7 10.3 ± 4.7 9.6 ± 2.9 10.1 ± 4.9 10.5 ± 4.5

t½ (h) 106 ± 12 100 ± 16 106 ± 9 101 ± 17 95 ± 18 100 ± 19

CL/F (ml h–1) 72.9 ± 27.5 71.5 ± 24.8 67.0 ± 27.8 65.7 ± 17.6 77.3 ± 54.1 71.3 ± 22.4

Four subjects (three subjects in part A and one subject in part B) were excluded owing to a carry-over effect. AUCinf, area under the concentration–
time curve from time zero extrapolated to infinity; AUClast, area under the concentration–time curve from time zero to the last quantifiable con-
centration; Cmax, maximum concentration; Tmax, time to reach Cmax;CL/F, apparent clearance; t½, terminal half-life; US-ETN, Vz/F, apparent volume
of distribution; SD, standard deviation. †Median (Min-Max).
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111.06%) and 103.29% (94.70–112.66%) between EU-ETN
and US-ETN in part C. The corresponding 90% CIs
were completely contained within the equivalence margin
of 80–125% (Table 3).

Safety results
Data from all 138 subjects enrolled in the study were evalu-
ated for safety. TEAEs, regardless of causality, were reported
from 41 (44.6%), 33 (35.9%) and 34 (37.0%) subjects treated
by SB4, EU-ETN, and US-ETN, respectively (Table 4). In
each part, the proportions of subjects who experienced
the TEAEs were also comparable between the treatments
(Table S2). The majority of the TEAEs reported were mild or
moderate in severity, except for two cases of severe diarrhoea
after EU-ETN administration and a severe ligament rupture
after US-ETN administration. Those severe TEAEs were con-
sidered by the investigator to be unrelated to the treatment.

The number of subjects who experienced TEAEs related to
SB4 treatment was 29 (31.5%), to EU-ETN treatment was 25
(27.2%) and to US-ETN treatment was 27 (29.3%). The
most common treatment–related TEAE across the treatments
(17 subjects) was headache. There were no serious AEs (SAEs)
or deaths reported during the study.

Vital signs, physical examination, clinical laboratory tests
and 12-lead ECG results did not show significant changes
over time that might be considered related to the treatments.

Immunogenicity results
In part A, three subjects were confirmed to be positive for ADA
after EU-ETN administration. Among them, only one subject
had a positive result for NAb. In part B, four subjects were con-
firmed positive for ADA after US-ETN administration, and none
of the subjects had a positive result for NAb. In part C, four sub-
jects were confirmed positive for ADA after EU-ETN administra-
tion, and six subjects after US-ETN administration. None of the
subjects in part C had a positive result for NAb.
Discussion
Comparative PK studies are considered to be essential for
demonstrating biosimilarity between the biosimilar and the
reference product. The study design depends on various
factors, including the clinical context, safety and PK charac-
teristics of the product. Generally, from a PK perspective, a
single-dose crossover study with full characterization of the
PK profile in a sufficiently sensitive and homogeneous popu-
lation is recommended [9].

The present study was a single-dose, three-part, 2 × 2
crossover study to compare three products in healthy male
subjects. The crossover design allowed each subject to receive
both treatments, so that a comparison between the two treat-
ments could be made on the same subject. This crossover de-
sign therefore required fewer subjects than a parallel study
design to prove PK equivalence. Although the Williams
design, which consists of three treatments and three periods
(3 × 3) in six sequences, is an ideal choice when there are
more than two treatments in a bioequivalence study [17],
the design may not be appropriate for biological products be-
cause of their relatively longer half-life compared with chem-
ical products. The half-life of ETN has been reported as
approximately 70 h, with range from 7 h to 300 h [8]. Usually,
the length of the washout period between the drug adminis-
trations should be more than five half-lives of the drug. The
maintenance of subject compliance with the protocol-
specified controlled conditions (e.g. schedule of in-house
and ambulant visit, and restrictions on alcohol and physical
exercise) becamemore difficult with increased study duration
[18]. Thus, three 2 × 2 crossover studies were more appropri-
ate than one 3 × 3 crossover study to compare three biological
products in a pairwise manner. Healthy male subjects were
considered to be a more homogeneous population than RA
patients with various disease-related factors and taking con-
comitant medications that might influence the PK profiles
of the products. This selected population was expected to
Br J Clin Pharmacol (2016) 82 64–73 69



Table 3
Statistical comparison of primary pharmacokinetic parameters between the test and reference products

Treatment Geometric LSMeans Ratio (%) Intra-CV (%) 90% CI (%) (lower; upper)

Part A: SB4 vs. EU-ETN (n = 42)

AUCinf (μg h ml–1) SB4 729 99.04 12.22 94.71; 103.58

EU-ETN 736

AUClast (μg h ml–1) SB4 689 98.62 12.60 94.17; 103.28

EU-ETN 698

Cmax (μg ml–1) SB4 3.32 103.71 14.21 98.46; 109.25

EU-ETN 3.20

Part B: SB4 vs. US-ETN (n = 44)

AUCinf (μg h ml–1) SB4 794 101.09 15.22 95.75; 106.73

US-ETN 786

AUClast (μg h ml–1) SB4 750 100.96 15.97 95.37; 106.87

US-ETN 742

Cmax (μg ml–1) SB4 3.61 104.36 18.41 97.74; 111.41

US-ETN 3.46

Part C: EU-ETN vs. US-ETN (n = 42)

AUCinf (μg h ml–1) EU-ETN 735 100.51 26.00 91.48; 110.42

US-ETN 732

AUClast (μg h ml–1) EU-ETN 701 101.27 25.49 92.34; 111.06

US-ETN 692

Cmax (μg ml–1) EU-ETN 3.41 103.29 23.94 94.70; 112.66

US-ETN 3.30

Four subjects (three subjects in part A and one subject in part B) were excluded owing to carry-over effect. AUCinf, area under the concentration–time
curve from time zero extrapolated to infinity; AUClast, area under the concentration–time curve from time zero to the last quantifiable concentration;
CI, confidence interval; Cmax, maximum concentration; LSMeans, least squares means; Intra-CV, intrasubject coefficient of variation.
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reduce variability that was unrelated to differences between
the products, thereby simplifying the interpretation of PK
equivalence. This study design and target population were
consulted with both the EMA and FDA prior to the start of
the study.

The PK results of the present study can be extrapolated to
the female population because no clinically relevant differ-
ence in the CL of ETN was found between men and women
in a population modelling study [19]. The treatment dose
(50 mg) used in the present study is the highest labelled dose
recommended in the respective guideline [14]. Dose propor-
tionality of ETN for 10 mg, 25 mg, and 50 mg doses has been
shown in healthy volunteers [20]. Comparable exposure be-
tween 25 mg twice weekly and 50 mg once weekly dosing
was also demonstrated after a single dose and at steady state
[13, 21, 22]. Therefore, similar PK profiles were expected be-
tween SB4 and ETN with a different dosing schedule.

SB4 and the two reference products exhibited similar PK
profiles, showing slow absorption from the site of subcutane-
ous injection (average range of Tmax: 70–75 h) and slow
70 Br J Clin Pharmacol (2016) 82 64–73
elimination (average range of half-life: 95–106 h), which is
in line with known PK characteristics of ETN [23, 24]. PK
equivalence in terms of AUCinf, AUClast, and Cmax was suc-
cessfully demonstrated for all pairwise comparisons in parts
A, B and C. The intrasubject variability, which is product de-
pendent, in PK parameters was 12–14% between SB4 and
EU-ETN, 15–18% between SB4 and US-ETN, and 24–26% be-
tween EU-ETN and US-ETN (Table 3). These data imply that
the differences in PK between SB4 and either of the two refer-
ence products are smaller than those between the EU-sourced
and US-sourced reference products.

In the present study, there was one test product, SB4, and
two reference products, EU-ETN and US-ETN. The regulatory
agencies require data that directly compare the proposed
product with the regulatory approved or licensed reference
product [9, 11]. The comparisons between SB4 and EU-ETN
from part A and between SB4 and US-ETN in part B were car-
ried out to meet the EMA and FDA requirements, respectively.
Additionally, the comparison between EU-ETN and US-ETN
in part C was evaluated to provide scientific justification for



Table 4
Treatment-emergent adverse events, regardless of causality, that oc-
curred in ≥5% of subjects in any treatment

SB4 EU-ETN US-ETN

Subjects (n) 92 92 92

Subjects with any TEAEs,
n (%)

41 (44.6) 33 (35.9) 34 (37.0)

Infections and infestations,
n (%)

Nasopharyngitis 7 (7.6) 4 (4.3) 3 (3.3)

Nervous system disorders,
n (%)

Dizziness 0 (0.0) 1 (1.1) 3 (3.3)

Headache 7 (7.6) 6 (6.5) 7 (7.6)

General disorders and
administration site conditions, n (%)

Injection site reaction 5 (5.4) 4 (4.3) 6 (6.5)

Musculoskeletal and
connective tissue disorders, n (%)

Back pain 2 (2.2) 0 (0.0) 3 (3.3)

SB4, summary for subjects receiving SB4 from part A and part B;
EU-ETN, summary for subjects receiving EU-ETN from part A and
part C; US-ETN, summary for subjects receiving US-ETN from part
B and part C; TEAE, treatment-emergent adverse event. Dizziness
and back pain occurred more frequent than 5% in one of the
three study parts (see also Table S2).
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the use of EU-ETN, which is not licensed in the USA as the ac-
tive comparator in the clinical phase III study. These three
pairwise comparisons between the products were conducted
directly in each separate study. Ring et al. proposed indirect
comparison analysis using the bridging method to determine
the bioequivalence of formulations not tested within the
same clinical trial [25]. In fact, this method provides similar
90% CIs for all comparisons with the results presented in
Table 3 (see also Table S3).

All three treatments were generally well tolerated, with no
SAEs or deaths reported during the study. The majority of the
TEAEs were well distributed between the treatments. The
most common TEAE across all treatments was headache,
which was consistent with previously reported comparative
PK studies in healthy subjects [13, 23]. Five subjects
discontinued the study owing to TEAEs. Among them, two
subjects experienced TEAEs related to the treatments.
One of these reported moderate oral herpes on day 23 after
EU-ETN administration in period 1. The oral herpes was
resolved 14 days after onset of the TEAE without any
rescue medication. The other subject reported a clinically
significant increase in ALT values to 160.7 U l–1 (normal
range: 0–50 U l–1) on day 21 after EU-ETN administration in
period 1. This increase in ALT returned to the normal value
(40 U l–1) 12 days later. Infections are very common adverse
events after using ETN [8]. However, nasopharyngitis and
tooth abscess were assessed by investigator to be unrelated
to the treatment. Nasopharyngitis was reported on day 26
by a subject receiving SB4 in period 1. The subject experienced
an elevated C-reactive protein level of 12.17 mg l–1 (normal
range 0–5 mg l–1). Although the investigator considered that
the AE was not related to the treatment, the subject was
discontinued as his C-reactive protein level did not meet the
predefined criteria for the second dose. The tooth abscesswas re-
ported by a subject receiving US-ETN. The subject experienced
inflammatory facial swelling andwaswithdrawn from the study
according to predefined subject dropout criteria. He had
undergone tooth implant surgery on the left side of the jaw
about 2 months earlier but had not provided this history at
screening. The investigator considered that the event was not
caused by the treatment but by his medical history. The liga-
ment rupture was reported by a subject receiving US-ETN. He
had played soccer during the washout period and experienced
torsion of the knee. He had had to start heparin therapy and
use a crutch owing to his injury. The investigator considered
that the event was not related to the treatment, and that his
further participation in the study was not appropriate.

Immunogenicity was evaluated predose and at day 29 after
the first treatment. No subjects who received SB4 developed
ADA but 15.6% of subjects who received EU-ETN (P = 0.006
for SB4 vs. EU-ETN) and 22.7% of subjects who received US-
ETN (P < 0.001 for SB4 vs. US-ETN) developed ADA across the
parts. Although a single-dose study in a limited number of
healthy subjects was not enough to evaluate the immunogenic-
ity between SB4 and ETN, the low incidence of ADA following
administration of SB4 was consistent with the long-term immu-
nogenicity results in RA patients, in whom the incidence of
ADA following multiple doses was 0.7% in the SB4 treatment
group and 13.1% in ETN treatment group over a 24-week period
(P < 0.001) [26]. There are product-specific factors that known
to affect immunogenicity, such as product origin (foreign or
human), product aggregates, impurities, glycosylation, formula-
tion and the container closure system [27–33]. Among these,
factors contributing to the lower immunogenicity profile of
SB4 compared with ETN should be investigated in future stud-
ies. Additional subgroup analysis of PK using ANOVA, and of
the type and frequency of AEs reported in a subset of subjects
with negative ADA results showed that there was no marked
impact of immunogenicity on PK and safety in the present
study (data not shown).

The present clinical phase I study demonstrated PK equiva-
lence between SB4 and ETN in healthy male subjects. In addi-
tion, SB4 was well tolerated, with a lower immunogenicity
profile. The safety profile of SB4 was comparable with that of
ETN. The clinical phase III study to demonstrate similarity in
efficacy, safety, immunogenicity and PK between SB4 and ETN
in RA patients was also completed successfully [26]. Based on
the results of the data in healthy male subjects and RA patients,
SB4 has been approved as the first ETN biosimilar in the EU
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