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Abstract
Objective We aimed to evaluate the similarity of BAT2206 to its originator, ustekinumab, including pharmacokinetic profiles, 
immunogenicity, and safety in healthy Chinese male subjects.
Methods This was a double-blinded, randomized, single-dose, parallel-group clinical trial, in which 270 healthy male subjects were 
enrolled to receive a single subcutaneous injection (45 mg) of either BAT2206 or ustekinumab (European Union or USA) at a 1:1:1 
ratio. The pairwise pharmacokinetic similarities and the safety and immunogenicity of both drugs were evaluated and compared.
Results The results showed that the 90% confidence interval of the geometric mean ratio for primary pharmacokinetic 
parameters (maximum plasma concentration and area under the plasma concentration–time curve from time zero to infin-
ity) among BAT2206 and ustekinumab (USA or European Union sourced) groups were all within the predefined equivalent 
interval of 80–125%. Furthermore, all the groups had similar incidences of treatment-emergent adverse events, in which 
the majority of cases belonged to Common Terminology Criteria for the Classification of Adverse Events Grade 1 or 2. 
Anti-drug antibodies were detected in 54 (20.1%) subjects, namely 24 (26.7%), 13 (14.8%), and 17 (18.9%) patients in the 
BAT2206, ustekinumab (European Union), and ustekinumab (USA) groups, respectively. In contrast, the incidences of posi-
tive neutralizing antibodies were similar among the three groups.
Conclusions Pharmacokinetic similarity between BAT2206 and ustekinumab (USA or European Union sourced) was con-
firmed. The three groups had similar safety profiles, and the investigational drugs were well tolerated by subjects.
Clinical Trial Registration This study was registered with ClinicalTrials.gov (NCT04371185).

 * Yanhua Ding 
 dingyanh@jlu.edu.cn

1 Phase I Clinical Research Center, First Hospital of Jilin 
University, No. 1, Xinmin Street, Changchun, Jilin, China

2 Nanguan District Maternal and Child Health and Family 
Planning Service Center of Changchun, Changchun, Jilin, 
China

3 Bio-Thera Solutions, Ltd., Guangzhou, Guangdong, China

Key Points 

Biosimilarity of BAT2206 and its originator usteki-
numab (European Union or USA licensed) in phar-
macokinetic profiles, safety, and immunogenicity was 
evaluated.

Pharmacokinetic similarity between BAT2206 and 
ustekinumab (USA or European Union sourced) was 
confirmed.

The incidence of anti-drug antibodies in the BAT2206 
group was higher than those in the other two groups, 
whereas the incidences of positive neutralizing antibod-
ies were similar among the three groups.

The three groups had similar safety profiles and the 
investigational drugs were well tolerated by subjects.
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1 Introduction

Psoriasis is a chronic, immune-mediated inflammatory skin 
disease [1]. About 2.5% of European individuals, 0.05–3% 
of African individuals, and 0.1–0.5% of Asian individuals 
experience psoriasis [2–4]. Psoriasis is not curable to date 
and seriously affects a patient’s quality of life, even physical 
and mental health. Interleukin (IL)-12 and IL-23 are over-
expressed in psoriasis plaques and are positively correlated 
with the severity of skin lesions [5]. Psoriatic arthritis is 
an inflammatory arthritis associated with psoriasis. About 
1.3–34.7% of patients with psoriasis develop psoriatic arthri-
tis. It has been shown in an animal model and clinical study 
that IL-12 and IL-23 are involved in symptom development 
and joint change of immune-related arthritis [6].

Ustekinumab  (Stelara®) is a fully humanized, IL-12/IL-23 
monoclonal antibody developed by Johnson & Johnson, Inc. 
Ustekinumab can disrupt the binding of IL-12 and IL-23 
to IL-12Rβ1 through binding to the p40 subunit shared by 
IL-12 and IL-23 with high affinity and specificity, leading to 
the inhibition of IL-12-induced and IL-23-induced signaling 
and the cytokine cascade [7]. Ustekinumab was approved in 
succession in Canada, the USA, the European Union (EU), 
and Japan in 2008. Its clinical applications are the treat-
ment of severe plaque psoriasis, active psoriatic arthritis, 
moderate-to-severe Crohn’s disease, and ulcerative colitis 
in adults. Currently, ustekinumab has been approved for the 
treatment of moderate-to-severe active Crohn’s disease and 
moderate-to-severe plaque psoriasis in China.

BAT2206 is a biosimilar drug to ustekinumab that was 
developed by Bio-Thera Solutions, Ltd. (Guangzhou, China). 
Using recombinant DNA technology, the expression plasmid 
of BAT2206 was constructed and expressed in a mamma-
lian Chinese hamster ovary cell system. The monoclonal 
cell bank of BAT2206 underwent full inspection in accord-
ance with the standard in Chinese pharmacopeia (2015). In a 
comparison evaluation on their structural characteristics and 
physicochemical properties using many analytical assays, 
BAT2206 was found to be highly similar to ustekinumab.

In a preclinical pharmacokinetic (PK) study using mon-
keys, the plasma exposure (area under the plasma concentra-
tion–time curve from time zero to 336 hours) and maximum 
plasma concentration (Cmax) of BAT2206 were considered 
to be bioequivalent to those of the reference drugs (EU and 
USA sourced) at the same dose, all of which were com-
mercially available. Additionally, in two mice models, mice 
injected with recombinant human IL-12 and the ear swell-
ing model induced by recombinant human IL-23, treatment 
with BAT2206 showed a similar anti-inflammatory effect as 
 Stelara® at the same dose (unpublished data).

A high similarity between BAT2206 and  Stelara® was 
found in all of these preclinical studies. To obtain marketing 

approval for BAT2206, the phase I trial was performed and 
the purpose of the trial was to investigate the PK similarity 
of BAT2206 and the originator ustekinumab (EU and USA 
sourced STELARA ®) in Chinese healthy male subjects after 
a subcutaneous single dose, focusing on their PK profile, 
safety, and immunogenicity, leading to the collection of 
evidence for the phase III clinical study on the efficacy and 
safety in the indicated patients.

2  Materials and Methods

The Ethics Committee of Jilin University First Hospital 
Clinical Research Institute in Changchun City (Jilin Prov-
ince, China) approved our protocol. All clinical procedures 
were performed in our hospital (Phase I Clinical Trial Unit, 
The First Hospital of Jilin University). This study was con-
ducted in agreement with the Declaration of Helsinki and 
the Guidelines for Good Clinical Practice. The registration 
number of this study is NCT04371185 (https:// www. clini 
caltr ials. gov/). All participants provided written informed 
consent for this study.

2.1  Drugs for Evaluation

BAT2206 injection (specification: 45 mg), a recombinant 
human IL-12 monoclonal antibody solution, was manu-
factured by Bio-Thera Solutions, Ltd. Reference drugs: 
EU-sourced ustekinumab and USA-sourced ustekinumab 
 (Stelara®; specification: 45 mg) were purchased from Jans-
sen-Cilag International NV (Schaffhausen, Switzerland) and 
Janssen Biotech, Inc. (Malvern, PA, USA), respectively. All 
subjects received BAT2206 or ustekinumab from a single 
lot.

2.2  Subjects

The eligibility of participants was healthy male individuals 
aged from 18 to 55 years with a body weight between 55 and 
85 kg and body mass index values between 18 and 28 kg/
m2. Subjects with the following conditions were excluded 
from this study: diagnosis of cardiovascular disease and dis-
eases of the central nervous system, liver, kidney, or other 
organs; abnormalities in vital signs, electrocardiograms, 
clinical laboratory tests (blood routine, biochemical test, 
thyroid function, antinuclear antibodies, C-reactive protein, 
rheumatoid factors), or chest X-ray image and ultrasonogra-
phy; active infections including acute and chronic infections 
and local infections, within 2 months before screening; had 
used ustekinumab (or its biosimilar) or any anti-IL-12/23, 
anti-IL-12, or anti-IL-23 agents or had received treatment 
with tumor necrosis factor-targeted or IL-17-targeted agents 
within 6 months prior to screening, or use of any biological 

https://www.clinicaltrials.gov/
https://www.clinicaltrials.gov/
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product or monoclonal antibody within 3 months prior to 
screening; has severe allergies caused by food or drugs; had 
taken alcohol or alcohol-containing drinks within 24 hours 
prior to assignment of a test drug; had positive results from 
the tuberculosis enzyme-linked immune SPOT test; or had 
hepatitis B virus, hepatitis C virus, or human immunodefi-
ciency virus.

2.3  Design of Study and Drug Administration

This was a randomized, double-blind, single-dose, parallel-
group clinical trial for the evaluation of the pharmacoki-
netics, immunogenicity, and safety of BAT2206 injection 
compared to ustekinumab (EU) or ustekinumab (USA) in 
Chinese healthy male subjects. For ustekinumab, the inter-
individual coefficient of variation of area under the plasma 
concentration–time curve from time zero to infinity (AUC 
0–inf) and Cmax did not exceed 36% [8, 9]. Given that the geo-
metric mean ratio (GMR) of AUC 0–inf and Cmax was equal 
to 0.95, we considered the power (1 – β) to be 90%, the 
individual coefficient of variation as 36%, and the one-sided 
test level α as 0.05. Thus, the 20% shedding rate was con-
sidered. Therefore, 270 subjects were enrolled (90 subjects 
for BAT2206, 90 subjects for ustekinumab [EU], and 90 
for ustekinumab [USA]). The participants were randomly 
assigned at a 1:1:1 ratio to receive either BAT2206, usteki-
numab (EU), or ustekinumab (USA) via a subcutaneous 
injection (45 mg/0.5 mL).

In a previous report on the population PK profiles using 
data from patients with psoriasis, body weight was found 
to be the most significant covariate factor that affects the 
clearance of ustekinumab. Additionally, in patients with 
Crohn’s disease and ulcerative colitis, body weight was the 
main covariate factor that affects the volume of distribution 
of ustekinumab. Therefore, body weight may have a signifi-
cant influence on PK parameters, according to an analysis 
by the Summary of Product Characteristics of  Stelara® [9]. 
Randomization was based on body weight stratification fac-
tors (weight ≥ 55 kg and < 65 kg, weight ≥ 65 kg and < 75 
kg, weight ≥ 75 kg and < 85 kg), which were assigned by a 
computer-generated randomization schedule. In this way, the 
comparable distribution of body weight in the three arms can 
be ensured, allowing for distinguishing the differences in PK 
profiles between the proposed drug and the reference drug. 
All the enrolled subjects received subcutaneous administra-
tion on day 1 and were then allowed to leave the clinical 
study site after completing the required safety monitoring for 
at least 9 days. After that, subjects were required to return 
to the clinical site for safety evaluations, and blood tests of 
PK profiles on days 10, 11, 13, 15, 22, 29, 43, 57, 71, 85, 99, 
and 113 (end of the study period).

2.4  Safety Evaluation

In this study, adverse events (AEs) were reported from initial 
drug administration to 113 days post-dose. The definition of 
AEs was according to the National Cancer Institute Com-
mon Terminology Criteria for the Classification of Adverse 
Events, version 5.0. Assessment of AEs included the follow-
ing characteristics: the degree of severity (mild, moderate, 
and severe), duration of symptom severity, AE-related clini-
cal outcomes, and association with the test drug. Additional 
parameters included physical examinations such as body 
temperature, sitting blood pressure, and heart rate, as well 
as electrocardiogram findings and clinical laboratory tests 
such as hematology, urinalysis, and biochemistry tests.

2.5  PK Assessment

To study the PK profile, the blood samples were collected 
at the following timepoints: 0 hours (pre-dose), 4 hours, 12 
hours, and 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 15, 22, 29, 43, 57, 
71, 85, 99, and 113 days post-dose. After 0.5 hour at room 
temperature, blood samples were centrifuged at 2000g at 4 
°C for 15 minutes. The serum samples were stored at − 60 
°C until subsequent measurement of the drug concentration 
by a validated enzyme-linked immunosorbent assay (Cov-
ance Inc., Shanghai, China). The lower limits of quantifica-
tion of the assay for serum BAT2206 or ustekinumab were 
50.0 ng/mL, and the calibration range was 50.0–1600 ng/
mL. The accuracy was − 2.5 to 3.2%, with the precision 
within the 3.9% coefficient of variation.

Pharmacokinetic evaluations included the following 
parameters: Cmax, time to Cmax, area under the plasma con-
centration–time curve from time 0 to 672 hours (AUC 0–672), 
AUC over the dosing interval (AUC 0–t), AUC 0–inf, elimina-
tion half-life, first-order rate constant of drug associated with 
the terminal portion of the curve, apparent clearance (CL/F), 
and apparent volume of distribution. The calculation of PK 
parameters was performed using WinNonlin software (ver-
sion 8.0; Pharsight Corporation, St. Louis, MO, USA) with 
the non-compartment model.

2.6  Immunogenicity Evaluation

Anti-drug antibody tests were performed at 0 hours (before 
drug administration) and on days 10, 15, 29, 57, 85, and 
113. If the subjects had positive ADA results, a neutralizing 
antibody (Nab) was detected. An electrochemiluminescence 
assay was used for the quantification of ADAs and Nab that 
reacted to BAT2206 or ustekinumab [10, 11]. Anti-drug 
antibodies and Nab were analyzed by Covance Inc.

This electrochemiluminescence method was designed 
to detect the presence of anti- BAT2206, as well as the 
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neutralizing antibodies of ustekinumab (USA) and usteki-
numab (EU) in human serum. The control sample was pre-
pared by adding an anti-BAT2206 positive control antibody 
to the mixed human serum. Samples were subjected to acid 
treatment and incubated with Sulfo tag-labeled BAT2206/
ustekinumab (USA)/ustekinumab (EU) to form the com-
plexes. After incubation, the antibody complex was added to 
the MSD plate coated with Pp40-Fc fusion protein. Pp40-Fc 
protein on the plate-bound to Sulfo Tag-labeled BAT2206/
ustekinumab (USA)/ustekinumab (EU) would generate an 
electrochemiluminescence response. The plate was washed 
to remove any non-specific bound complexes; then a read-
ing buffer (2X) was added to each well of the plate. The 
plate was read on the MSD Quickplex 120 or equivalent. 
The binding of free Sulfo tag-labeled BAT2206 to the Pp40-
Fc protein could generate a maximal luminescent signal, 
meanwhile, the intensity of the signal will decrease in the 
presence of Nab.

2.7  Statistical Analyses

The serum concentration versus time profile of three drugs 
(BAT2206, ustekinumab [EU], or ustekinumab [USA]) 
was determined by calculations using WinNonlin software 
with the non-compartment model. SAS Enterprise Guide 
9.4 software was used for data analysis. Analysis of vari-
ance was used to compare the differences in PK parameters 
between the two drugs, including primary PK parameters 
(Cmax and AUC 0–inf) and secondary PK parameters (AUC 0–t, 
AUC 0–672 h), after logarithmic transformation. In the model, 
the experimental groups were used as fixed effects, whereas 
body weight stratification (weight ≥ 55 kg and < 65 kg, 
weight ≥ 65 kg and < 75 kg, weight ≥ 75 kg and < 85 kg) 
was used as covariables. The standard bioequivalence mar-
gin was used for setting the criteria of PK similarity. The 
PK similarity of BAT2206 and its reference ustekinumab 
(EU or USA) could be determined by evaluating the mean 
log-transformed value of the 90% confidence interval (CI) 
for the GMR of test/reference. If the ratio of the values of 
two drugs was close, within the range of 0.8–1.25, the pair-
wise PK similarity of BAT2206 with ustekinumab (EU or 
USA) could be considered, according to the Guidelines for 
Bioequivalence Studies of Generic Products [12].

3  Results

3.1  Demographics

A total of 270 healthy male subjects were enrolled in the 
study, of whom 266 (98.5%) completed the study, in the 
treatment groups of BAT2206 (n = 90), ustekinumab (EU) 
(n = 88), and ustekinumab (USA) (n = 88) (Fig. 1). The 

summary of the demographic characteristics with the base-
line is shown in Table 1. Age, height, and body mass index 
were similar across treatment groups. The number of sub-
jects in the same weight stratification was evenly distributed 
among the groups.

3.2  Assessment of Drug Tolerability

All subjects dosed were included in the safety analysis. 
There were no deaths, serious AEs, or discontinuations due 
to treatment-emergent AEs (TEAEs). A total of 425 clinical 
TEAEs were reported in 186 (69.1%) subjects with medi-
cation administration, including 63 (70.0%) subjects in the 
BAT2206 group, 63 (70.8%) subjects in the ustekinumab 
(EU) group, and 60 (66.7%) subjects in the ustekinumab 
(USA) group. The TEAE incidence was similar among the 
three treatment groups. Among all TEAEs, only 13 were 
Grade 3 or above (Common Terminology Criteria for the 
Classification of Adverse Events version 5.0), which were 
observed in ten (3.7%) subjects, including three (3.3%) sub-
jects in the BAT2206 group, three (3.4%) in the ustekinumab 
(EU) group, and four (4.4%) in the ustekinumab (USA) 
group. Among the 13 cases, two cases of hypertriglyceri-
demia were drug related and were reported in two subjects 
(one in the BAT2206 group and the other in the usteki-
numab (EU) group). The most frequently (≥ 5%) occurring 
drug-related TEAEs in any of the three groups (BAT2206 
vs ustekinumab [EU] vs ustekinumab [USA]) were hyper-
triglyceridemia (11.1% vs 11.2% vs 7.8%), hyperglycemia 
(5.6% vs 3.4% vs 4.4%), elevated alanine aminotransferase 
(7.8% vs 5.6% vs 6.7%), elevated neutrophil count (5.6% vs 
2.2% vs 3.3%), decreased neutrophil count (5.6% vs 2.2% 
vs 3.3%), elevated white blood cell count (5.6% vs 3.4% vs 
4.4%), elevated hemobilirubin (5.6% vs 12.4% vs 5.6%), and 
hematuria (7.8% vs 1.1% vs 2.2%). The most common AEs 
(> 5%) are shown in Table 2.

3.3  PK Analysis

As shown in Fig. 2, the mean serum concentration–time pro-
file between the BAT2206 and ustekinumab groups (EU/
USA) exhibited a similar trend. Pharmacokinetic parame-
ters including Cmax, AUC 0–t, and AUC 0–inf were comparable 
among the three treatment groups, median time to Cmax was 
6–7 days after dosing, and similar values of CL/F and appar-
ent volume of distribution were found. Other PK parameters 
(AUC 0–672h, elimination half-life, first-order rate constant of 
drug associated with the terminal portion of the curve, and 
CL/F) were not significantly different between the two drugs 
(p > 0.05; Table 3). Assessment of the PK profiles between 
the two drugs is shown in Table 4. For the primary PK 
parameters, Cmax and AUC 0–inf, after a single subcutaneous 
of BAT2206 or ustekinumab (EU or USA), the 90% CIs for 
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the ratios of GMs were constrained within 0.80–1.25, sup-
porting the pairwise bioequivalence between the two drugs.

3.4  Assessment of Drug Immunogenicity

The lower detectable limit of the ADA assay used in the 
study was 4.97 ng/mL for the screen test and 5.47 ng/mL 
for the confirmation test. Overall, 54 (20.1%) subjects had 
positive results from the ADA test. Among them, 24 sub-
jects (26.7%) were in the BAT2206 group, while 13 sub-
jects (14.8%) were in the ustekinumab (EU) group, and 17 
(18.9%) were in the ustekinumab (USA) group. Only one 
subject (S0606) in the EU-sourced ustekinumab group was 
ADA positive at baseline, and the others were ADA posi-
tive after dosing. The median time of the first detection of 
ADA positivity in the BAT2206, ustekinumab (EU), and 

ustekinumab (USA) groups was around 85, 57, and 57 days 
post-injection, respectively. The number of NAb-positive 
subjects in the BAT2206, ustekinumab (EU), and usteki-
numab (USA) groups was eight (8.9%), five (5.7%), and six 
(6.7%), respectively. A descriptive summary of the effects of 
positive ADA on PK parameters is shown in Table 5. There 
were more ADA-positive subjects in the BAT2206 group 
than in the ustekinumab group. Furthermore, there was no 
significant difference in mean serum concentration–time 
curves for the ADA-positive and total participants among 
the three treatment groups (Fig. 3). If the ADA-positive and 
ADA-negative subjects were included in the analysis, the 
90% CIs for Cmax and AUC 0–inf were within 0.8–1.25. Anti-
drug antibody-positive subjects were excluded for the sen-
sitivity analysis. The results showed that after the exclusion 
of ADA-positive subjects, the 90% CIs for Cmax and AUC 

Fig. 1  Scheme for the clinical 
trial with the reasons for prema-
ture withdrawal before dosing. 
EU European Union, US USA

Table 1  Summary of subjects’ demographic characteristics (data are presented as mean ± standard deviation)

BMI body mass index, EU European Union

Characteristic (units) BAT2206 (N = 90) Ustekinumab (EU) (N = 
90)

Ustekinumab (USA) (N 
= 90)

Total (N = 270)

Sex Male Male Male Male
Age (years) 39.0 ± 9.8 39.2 ± 10.0 39.4 ± 10.3 39.2 ± 9.9
Weight (kg) 67.1 ± 7.6 66.8 ± 6.8 66.5 ± 7.5 66.8 ±7.3
Height (cm) 169.3 ± 6.1 168.6 ± 5.2 168.3 ± 5.3 168.7 ± 5.6
BMI (kg/m2) 23.5 ± 2.5 23.5 ± 2.2 23.5 ± 2.4 23.5 ± 2.4



94 M. Wu et al.

0–inf were still within 0.8–1.25, which is an acceptable range 
of PK similarity.

4  Discussion

This is a parallel, randomized, phase I clinical trial evalu-
ating the PK profiles between BAT2206 and its reference 
drug ustekinumab (EU) and ustekinumab (USA), which 
was conducted with a single subcutaneous injection 
(45 mg). Analyses of primary PK parameters (Cmax and 
AUC 0–inf) in the three treatment groups (BAT2206 and 

ustekinumab [EU and USA]) revealed that the 90% CIs for 
the GMRs were constrained within the range of 0.80–1.25, 
matching the predetermined PK bioequivalence range.

The incidence of ADA in the BAT2206 group was higher 
than those in the other two groups, whereas the incidences 
of positive NAb were similar among the three groups. The 
detection of antibody formation is highly dependent on the 
sensitivity and specificity of the assay. Additionally, the 
observed incidence of antibody (including Nab) positivity 
in an assay may be influenced by several factors, including 
assay methodology, sample handling, the timing of sample 
collection, concomitant medications, and underlying disease 

Table 2  Incidence of TEAEs reported by ≥ 5% of subjects in any treatment group (data are presented as n (%)

EU European Union, N number of TEAEs, n% incidence of subjects reporting TEAEs, TEAE treatment-emergent adverse event

TEAE BAT2206 injection (n 
= 90)
n (%)

Ustekinumab (EU) (n 
= 89)
n (%)

Ustekinumab (USA) (n 
= 90)
n (%)

Total (n = 269)
n (%)

Increased alanine aminotransferase 10 (11.1) 8 (9.0) 7 (7.8) 25 (9.3)
Increased aspartate aminotransferase 7 (7.8) 6 (6.7) 4 (4.4) 17 (6.3)
Increased blood bilirubin 7 (7.8) 11 (12.4) 5 (5.6) 23 (8.6)
Decreased neutrophil count 5 (5.6) 2 (2.2) 4 (4.4) 11 (4.1)
Increased neutrophil count 5 (5.6) 3 (3.4) 4 (4.4) 12 (4.5)
Increased white blood cell count 5 (5.6) 3 (3.4) 4 (4.4) 12 (4.5)
Increased blood creatine phosphokinase 3 (3.3) 7 (7.9) 3 (3.3) 13 (4.8)
Hypertriglyceridemia 15 (16.7) 17 (19.1) 11 (12.2) 43 (16.0)
Hyperglycemia 9 (10.0) 7 (7.9) 11 (12.2) 27 (10.0)
Hyperuricemia 8 (8.9) 6 (6.7) 8 (8.9) 22 (8.2)
Hematuria 10 (11.1) 4 (4.5) 6 (6.7) 20 (7.4)
Proteinuria 5 (5.6) 6 (6.7) 4 (4.4) 15 (5.6)

Fig. 2  Mean serum concentra-
tion–time profiles after a single 
45-mg subcutaneous admin-
istration of BAT2206, usteki-
numab (European Union [EU]) 
and ustekinumab (USA [US]). 
h hours
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[9]. After being treated with ustekinumab, approximately 
6–12.4% of the patients with psoriasis and psoriatic arthri-
tis and 2.9% or 4.6% of the patients with Crohn’s disease 
or ulcerative colitis may develop antibodies against usteki-
numab [9]. Based on the information as mentioned above, it 
may not be reasonable to directly compare the incidence of 
ADA among the groups or with the reference data. Never-
theless, the immunogenicity of BAT2206 and ustekinumab 
is to be further evaluated in a comparative study of efficacy.

Regarding the association of the development of anti-
bodies against ustekinumab with safety and pharma-
cokinetics, no significant influence of positive ADA was 

found on safety, and only very small differences in PK 
profiles were observed between ADA-positive and ADA-
negative subjects. As shown in Fig. 3, there was a differ-
ence in the mean plasma concentration [ng/mL] (mean ± 
SD)–time curves of ADA-positive/ADA-negative/all sub-
jects between the BAT2206 injection group and the usteki-
numab (EU and USA) group. The mean plasma concentra-
tion–time curves of ADA-positive subjects, ADA-negative 
subjects, and all subjects were highly similar among the 
three treatment groups. In addition, at the end of curves, 
plasma concentrations of ADA-positive subjects tended 
to be slightly lower than those of ADA-negative subjects 

Table 3  Summary of the pharmacokinetic parameters after a single 45-mg subcutaneous administration of the test drug BAT2206 and reference 
drug ustekinumab (EU licensed or USA licensed)

Data are shown as mean ± standard deviation (% coefficient of variation), except Tmax and t1/2, which are median (minimum–maximum)
AUC 0–inf area under the plasma concentration–time curve from time zero to infinity, AUC 0–672h area under the plasma concentration–time curve 
from time zero to 672 hours, AUC 0–t area under the plasma concentration–time curve over the dosing interval, CL/F apparent clearance, Cmax 
maximum plasma concentration, EU European Union, t1/2 elimination half-life, Tmax time to maximum plasma concentration, λz apparent termi-
nal elimination rate constant, Vz/F apparent volume of distribution
a Cmax, AUC 0–t, AUC 0–672h, and  Tmax contain data from 90 subjects, and other parameters contain data from 88 subjects

Parameter (unit) BAT2206 (n = 90) Ustekinumab (EU) (n = 88) Ustekinumab (USA) (n 
= 88 or  90a)

Cmax (µg/mL) 5.6 ±1.7 (30.5) 5.7 ± 1.6 (27.6) 5.8 ± 1.5 (26.6)
AUC 0–inf (h* µg/mL) 4629 ± 1255 (27.1) 4716 ± 1344 (28.5) 4571 ± 1156 (25.3)
AUC 0–t (h* µg/mL) 4500 ± 1195 (26.6) 4578 ± 1207 (26.4) 4403 ± 1168 (26.5)
AUC 0–672h (h* µg/mL) 2657 ± 664 (25.0) 2693 ± 617 (22.9) 2684 ± 617 (23.0)
Tmax (h) 147 (48, 337) 144 (96, 337) 168 (12.0, 336)
t1/2 (h) 459 ± 94 (20.5) 470 ± 104 (22.1) 444 ± 98.4 (22.2)
λz (1/h) 0.0016 ± 0.0003 (20.7) 0.0016 ± 0.0004 (23.5) 0.0017 ± 0.0005 (30.5)
CL/F (mL/h) 10.5 ± 3.1 (29.5) 10.2 ± 2.6 (25.8) 10.5 ± 2.8 (26.8)
Vz/F (mL) 6755 ± 1780 (26.3) 6684 ± 1407 (21.1) 6566 ± 1659 (25.3)

Table 4  Statistical comparison of pharmacokinetic parameters between BAT2206 and ustekinumab (EU or USA)

AUC 0–inf area under the plasma concentration–time curve from time zero to infinity, CI confidence interval, Cmax maximum plasma concentra-
tion, EU European Union

Parameter (unit) Pair n Geometric 
means

Geometric 
mean ratio

90% CI Power (%)

Cmax (µg/mL) BAT2206 vs ustekinumab (EU) 90 5.35 97.44 90.64–104.75 99.76
88 5.50

AUC 0–inf (h*µg/mL) BAT2206 vs ustekinumab (EU) 90 4462 97.90 91.63–104.59 99.96
88 4558

Cmax (µg/mL) BAT2206 vs ustekinumab (USA) 90 5.35 96.01 89.32–103.19 99.41
90 5.58

AUC 0–inf (h*µg/mL) BAT2206 vs ustekinumab (USA) 90 4462 100.78 94.34–107.65 99.99
88 4428

Cmax (µg/mL) Ustekinumab (EU) vs ustekinumab (USA) 88 5.50 98.53 92.04–105.47 99.96
90 5.58

AUC 0–inf (h*µg/mL) Ustekinumab (EU) vs ustekinumab (USA) 88 4558 102.94 96.56–109.75 99.96
88 4428
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and all subjects in the three treatment groups. The pri-
mary PK parameters of ADA-positive/ADA-negative/all 
subjects were comparable (Table 5). A sensitivity analysis 
excluding the ADA-positive subjects further demonstrated 
that BAT2206 and ustekinumab (USA) and ustekinumab 
(EU) were still pairwise similar, indicating that positive 
ADA had little effect on the primary PK parameters (data 
not shown). In all three groups, the elimination half-life of 
the ADA-positive subjects was slightly lower than that of 
ADA-negative subjects and all subjects, and the first-order 
rate constant of drug associated with the terminal portion 
of the curve and CL/F were slightly higher than those of 
ADA-negative subjects and all subjects, indicating that the 
terminal elimination of ADA-positive subjects was slightly 
faster. The primary PK parameters of ADA-positive/ADA-
negative/all subjects were comparable, and positive ADA 
had little effect on the primary PK parameters.

Anti-drug antibody positivity had no significant impact 
on safety, and no subjects had clinically significant hyper-
sensitivity, severe hypersensitivity, rapid anaphylaxis, or 
injection site-related reactions as a result of ADA. The inci-
dence of ADA in the BAT2206 injection group was higher 
than that in the other two groups, and the first detection 
time was longer, which needs to be further evaluated in the 
efficacy comparison study.

Twenty-nine subjects withdrew prematurely (n = 4) or 
missed visits (n = 25). The sensitivity analysis of the PK 
similarity was conducted, after the removal of AUC 0–t, 

AUC 0–inf, and AUC 0–67 2h data of the above-mentioned sub-
jects. The pairwise comparisons for GMR among the three 
treatment groups showed that 90% CIs were all within the 
equivalent interval (80.00–125.00), demonstrating that the 
BAT2206 injection was still pharmacokinetically similar to 
ustekinumab (EU sourced and US sourced) after excluding 
the above data.

The assessment of the safety of the three drugs revealed 
that there were no severe AEs in all three treatment groups, 
indicating good tolerance of those three drugs in healthy 
Chinese subjects. Two Grade 3 AEs of hypertriglyceridemia 
were reported in two subjects (one in the BAT2206 group 
and the other in the EU ustekinumab group). They were 
considered drug related by the investigators, but long-term 
hospitalization or a high-fat diet outside the hospital cannot 
be ruled out because they may be the cause. A few TEAEs 
related to infection and infestations were also reported, such 
as upper respiratory tract infection, urinary tract infection, 
and body tinea. Incidences of those symptoms were lower 
than 5%. For example, there were a total of seven cases of 
upper respiratory tract infection, including two cases in 
the BAT2206 group, two cases in the ustekinumab (EU) 
group, and three cases in the ustekinumab (USA) group. 
The incidence of upper respiratory tract infection was 2.6%. 
Therefore, the incidences of TEAEs related to infection were 
considered low.

Because of coronavirus disease 2019, 47 subjects had 92 
visits missing or out of the window from days 43 to 113. 

Table 5  Descriptive summary of effects of positive ADA on PK parameters (data are presented as mean ± standard deviation (% coefficient of 
variation)

ADA anti-drug antibody, AUC  area under the plasma drug concentration–time curve from time zero to infinity, AUC 0–t area under the plasma 
drug concentration–time curve over the dosing interval, Cmax maximum plasma concentration, PK pharmacokinetic
a Cmax and AUC 0–t contain data from 90 subjects, and AUC 0–inf contains data from 88 subjects

PK parameters PK values according to ADA status

ADA+ ADA− All subjects

BAT2206
n 24 66 90
 Cmax (µg/mL) 5.6 ± 1.7(29.8) 5.6 ± 1.7 (31.0) 5.6 ± 1.7 (30.5)
 AUC 0–inf (h*µg/mL) 4347 ± 1141 (26.2) 4732 ± 1287 (27.2) 4629 ± 1255 (27.1)
 AUC 0–t (h*µg/mL) 4259 ± 1138 (26.7) 4588 ± 1212 (26.4) 4500 ± 1195 (26.6)

Ustekinumab (EU)
n 13 75 88
 Cmax (µg/mL) 5.5 ± 1.2 (22.7) 5.7 ± 1.6 (28.3) 5.7 ± 1.6 (27.6)
 AUC 0–inf (h*µg/mL) 4332 ± 1100 (25.4) 4782 ± 1377 (28.8) 4716 ± 1344 (28.5)
 AUC 0–t (h*µg/mL) 4267 ± 1082 (25.4) 4631 ± 1227 (26.5) 4578 ± 1207 (26.4)

Ustekinumab (USA)
n 17 71 or 73 88 or  90a

 Cmax (µg/mL) 5.9 ± 1.9 (33.0) 5.8 ± 1.4 (24.6) 5.8 ± 1.5 (26.3)
 AUC 0–inf (h*µg/mL) 4492 ± 1688 (37.6) 4590 ± 1005 (21.9) 4571 ± 1156 (25.3)
 AUC 0–t (h*µg/mL) 4414 ± 1673 (37.9) 4400 ± 1031 (23.4) 4403 ± 1168 (26.5)
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This was not considered a significant protocol deviation and 
did not affect the trial conclusion.

One limitation of our study was that it only included male 
subjects. However, the PK differences between test drugs 
and reference drugs are better reflected by using a single 
sex to minimize the effects of physiological differences on 
the results. Additionally, because of the small sample size 
in each group and only a single dose used in this study for 

a short period of observation, the immunogenicity of the 
treatment with the corresponding drugs may not be fully 
detected. Therefore, the immunogenicity of BAT2206 and 
ustekinumab will be further evaluated in a subsequent com-
parison study of efficacy.

Fig. 3  Mean serum concen-
tration (mean ± standard 
deviation)–time curves in 
anti-drug antibody (ADA)-
positive subjects/ADA-negative 
subjects/all subjects (linear and 
log-linear data are presented 
in the left-handed and right-
handed panels, respectively). 
A BAT2206 injection versus 
ustekinumab (European Union). 
B BAT2206 injection versus 
ustekinumab (USA). C Usteki-
numab (European Union) versus 
ustekinumab (USA). h hours
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5  Conclusions

Our study confirmed the similar PK characteristics of a 
45-mg single subcutaneous injection of BAT2206 in Chinese 
healthy subjects, compared with ustekinumab (EU or USA 
sourced). The incidence of ADA in the BAT2206 group 
was higher than those in the other two groups, whereas the 
incidences of positive NAb were similar among the three 
groups, and no significant influence of positive ADA on 
safety or pharmacokinetics was observed. The three groups 
had similar safety profiles, low immunogenicity, and all 
were well tolerated by the healthy Chinese male subjects, 
suggesting that BAT2206 is a high-potential biosimilar of 
ustekinumab in clinical application.
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