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Abstract

Background Pertuzumab is a humanized monoclonal antibody for the treatment of breast cancer. HLX11 is a biosimilar of
pertuzumab developed by Shanghai Henlius Biotech, Inc. We conducted a bioequivalence study for HLX11 and pertuzumab
(United States [US]-, European Union [EU]-, and China [CN]-approved products).

Objectives This study compared the biosimilarity in pharmacokinetics (PK), safety, and immunogenicity between HLX11
and reference pertuzumab (approved in the US, the EU, and CN) in healthy Chinese male participants after a single infusion
and further characterized the PK profile of HLX11.

Methods Eligible individuals were randomized 1:1:1:1 to receive a single dose of 420 mg HLX11, US-, EU-, or CN-
pertuzumab via intravenous infusion over 60 min. The primary endpoints were maximum serum drug concentration (C,,,,),
area under the serum concentration—-time curve (AUC) from time O to time of the last quantifiable concentration (AUC,, ),
and AUC from time O to infinity (AUC,,_,). PK bioequivalence was established if the 90% confidence intervals (CIs) of the
geometric mean ratios of the primary endpoints were between 80.0 and 125.0%. Secondary endpoints included other PK
parameters, safety, and immunogenicity.

Results A total of 160 participants were enrolled and randomly assigned to each group (n = 40 per group). The 90% ClIs of the
geometric mean ratios of the primary endpoints were all within the prespecified equivalence margins (HLX11 vs. pertuzumab
[US-, EU-, CN-approved products]: C,,,, 97.03-115.06%, 91.39-109.80%, 94.53-110.65%; AUC,_, 87.65-99.68%, 87.07—
100.79%, 86.29-101.09%; AUC,,_, 87.66-99.90%, 87.54-101.05%, 89.23—103.20%). The incidence of adverse drug reactions was
comparable across the four groups. The presence of anti-drug antibodies or neutralizing antibodies had no obvious effect on PK.
Conclusion The PK, safety, and immunogenicity of HLX11 were highly similar to those of reference pertuzumab (US-,
EU-, CN-approved products). The established bioequivalence supports further clinical trials of HLX11 in cancer treatment.
Trial Registration This study was registered with ClinicalTrials.gov (NCT04411550) and Chinadrugtrials.org.cn
(CTR20200618).

been increasing, with an estimated 2.3 million new cases
(11.7%) occurring in 2020 worldwide [2]. Amplification or
overexpression of human epidermal growth factor recep-
tor 2 (HER?2) is present in 15-20% of patients with breast

1 Introduction

Breast cancer is one of the most common cancers in female
patients, and has high morbidity and mortality rates [1].

In recent years, the annual incidence of breast cancer has
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cancer, and is known as HER2-positive breast cancer [3].
The amplification of the HER2 gene is an important fac-
tor for poor prognosis [4]. The introduction of anti-HER?2
therapy has significantly improved clinical outcomes for
patients with HER2-positive breast cancer, and HER2 is
recognized as one of the most common targets in breast
cancer therapy [5].
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This is the first-in-human clinical study of HLX11, a
biosimilar candidate of pertuzumab; HLX11 was found
to be pharmacokinetically bioequivalent to the refer-
ence pertuzumab (United States [US]-, European Union
[EU]-, and China [CN]-approved products).

The safety profile of HLX11 was similar to that of the
originator pertuzumab (US-, EU-, and CN-approved
products).

The overall incidences of anti-drug antibody and neutral-
izing antibody positivity were low and comparable to
the reference pertuzumab (US-, EU-, and CN-approved
products). Pharmacokinetic characteristics and the safety
profile of HLX11 were not influenced by the presence of
anti-drug antibodies.

Currently, several HER2-directed agents are approved for
clinical use in various settings. Pertuzumab (Perjeta®) and
trastuzumab are monoclonal antibodies used in the treat-
ment of HER2-positive breast cancer [6]. Pertuzumab, a
HER dimerization inhibitor, is the first humanized mono-
clonal antibody in a new class of drugs and is approved for
use in combination with trastuzumab as therapy in HER2-
positive patients [7]. Pertuzumab (Perjeta®) was approved
for marketing in the United States (US), the European Union
(EU), and China (CN) in 2012, 2015, and 2018, respectively
[7, 8]. Since pertuzumab binds to a different epitope than
trastuzumab, combination therapy with pertuzumab and
trastuzumab results in a more complete blockade of HER2
signalling than trastuzumab monotherapy. Clinical studies
have shown that the combination of these two HER2 inhibi-
tors has a good synergistic effect that significantly improves
clinical efficacy and prognosis [8].

The treatment of patients with HER2-positive breast
cancer is constantly evolving [9]. While new drugs and
treatment strategies are emerging, biological therapies, par-
ticularly pertuzumab, are likely to remain a cornerstone of
treatment [10]. Although pertuzumab and other biological
therapies offer substantial clinical benefits, they are costly,
which can limit their availability. Evidence suggests that per-
tuzumab and trastuzumab are underused worldwide [10].
Biosimilars are biological products that are highly similar
to the licenced reference biologic in analytical, preclini-
cal, and clinical properties [11]. Compared to the original
drugs, the development of biosimilars provides more cost-
effective alternatives to the originator due to lower costs and
improved treatment access, thus alleviating unmet clinical
needs [12].
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HLX11, a recombinant anti-HER2 domain II humanized
monoclonal antibody, is a pertuzumab biosimilar candidate
that was independently developed by Shanghai Henlius
Biotech, Inc. Similar to its branded originator, HLX11 is
composed of the variable region of a humanized murine-
derived anti-HER?2 antibody and the constant region of a
human IgG1 antibody, and it is a glycosylated monoclonal
antibody containing two 448-amino-acid heavy chains and
two 214-amino-acid light chains. Preclinical in vitro, in vivo,
and toxicity studies showed that HLX11 and EU-pertuzumab
were highly similar in efficacy and safety (data on file).

This phase 1 clinical trial is the first-in-human study of
HLX11, and mainly focused on HLX11 to evaluate its phar-
macokinetics (PK) profile, safety, and immunogenicity com-
pared to reference pertuzumab (approved in the US, EU, and
CN) after a single dose in healthy Chinese male participants.

2 Methods
2.1 Study Design and Treatment

This randomized, double-blind, four-arm, parallel phase 1
study was conducted between September 16, 2020, and Feb-
ruary 8, 2021, at the Phase 1 Clinical Trial Unit, the Second
Hospital of Anhui Medical University (Hefei, China). The
trial was registered at ClinicalTrials.gov (NCT04411550)
and Chinadrugtrials.org.cn (CTR20200618).

This single-dose study consisted of a 28-day screen-
ing period and a 99-day follow-up period. Upon comple-
tion of all screening procedures, eligible participants were
randomly assigned in a ratio of 1:1:1:1 to HLX11, US-
pertuzumab, EU-pertuzumab, and CN-pertuzumab groups
1 day before infusion. Detailed information on the study
drugs is provided in the Electronic Supplementary Mate-
rial (ESM Table S1). On day 1, participants were given a
single dose of 420 mg HLX11, US-pertuzumab, EU-per-
tuzumab, or CN-pertuzumab via intravenous infusion over
60 min (+ 10 min). To prevent infusion-related reactions
(IRRs), each participant was given 5 mg of dexamethasone
intravenously and 12.5 mg of promethazine hydrochloride
intramuscularly 30 min prior to receiving the study drug.
Any infusion-related adjustments that occurred during infu-
sion were documented in the original medical records. The
administration procedures of the four drugs were identical.

Participants were required to stay at the research centre,
and were supervised by the investigators from day 1 (1 day
before study drug administration) to day 5 (96 h after study
drug administration); during this period of time, the partici-
pants were prohibited from taking non-study drugs, exclud-
ing the prespecified premedication and any drugs needed for
the treatment of an adverse event (AE).
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Participants returned to the research centre for follow-up
on days 8, 15, 29, 50, 71, and 99 post-dose, mainly for the
collection of PK and anti-drug antibody (ADA) blood sam-
ples, routine laboratory examinations, including N-terminal
pro-brain natriuretic peptide (NT-proBNP), routine blood,
routine urine, and blood chemistry tests, and the collec-
tion of information on AEs and concomitant medications
according to the proposal. The major clinical and laboratory
assessments can be found in the Electronic Supplementary
Material (see “Clinical and Laboratory Assessments”).

The study was conducted in accordance with the princi-
ples of the Declaration of Helsinki, Good Clinical Practice
guidelines, and all local applicable regulations. The study
protocol and all amendments were approved by the Ethics
Committee of the Second Hospital of Anhui Medical Uni-
versity (SL-YW2019-099). All participants provided written
informed consent.

2.2 Eligibility Criteria

Healthy Chinese males aged 18—45 years with a body mass
index (BMI) of 19-26 kg/m” were eligible for the study. Left
ventricular ejection fraction measured by echocardiography
needed to be in the normal range (> 55%) within 14 days
before randomization. Participants were excluded if they had
any serious clinical disease or a history of drug abuse, used
any monoclonal antibody within 6 months before receiving
the study drug, or donated blood within 3 months before
receiving study treatment. Full inclusion and exclusion cri-
teria can be found in the Electronic Supplementary Material
(see “Inclusion and Exclusion criteria”).

2.3 Randomization and Blinding

A randomization table was generated by an independent
randomization biostatistician using SAS software (v9.2 or
higher; SAS Institute Inc., Cary, North Carolina, US); a
block randomization method with variable block sizes was
applied. The investigator or a qualified designee assigned
a random number to each participant in the order of enrol-
ment, and the participant was then assigned to the treatment
group by the random number.

In the study, a randomized, double-blind design was
used to ensure that the investigator, relevant study person-
nel, and participants were blinded to the study grouping.
Since the investigational drug and the control drug could not
be similar in terms of internal packaging, double-blinding
was achieved by dividing the researcher into unblinded and
blinded groups. The unblinded group was primarily respon-
sible for the management of the investigational drug and dis-
pensing the investigational drug based on the randomization
results. The other group, the blinded group, was primarily
responsible for infusing the prepared study drug infusion

solution and performing safety monitoring and blood sam-
ple collection. The unblinded group was not to disclose any
information regarding treatment assignment to participants,
their families, or others, including study physicians and
related study researchers.

2.4 Pharmacokinetic Assessments

All randomized participants who received the designated
study drug and had no major protocol deviation affecting the
calculation of major PK parameters were included in the PK
analysis set (PKS). Blood samples for PK assessment were
collected before infusion, immediately after the end of infu-
sion (0 h), and at 1.5 h, 3 h, 24 h (day 2), 48 h (day 3), 96 h
(day 5), 168 h (day 8), 336 h (day 15), 672 h (day 29), 1176 h
(day 50), 1680 h (day 71), and 2352 h (day 99) post-infusion.
A 3.5-mL sample of whole blood was collected at each time
point above. The serum concentrations of the study drugs
were measured by a validated enzyme-linked immunosorb-
ent assay (ELISA) at WuXi AppTec Co., Ltd. (Shanghai,
China). The lower limit of quantification (LLOQ) was 200
ng/mL, and concentrations less than the LLOQ were set to
zero. PK analyses were performed using WinNonlin v8.3.1
software (Certara, Princeton, New Jersey, US) with a non-
compartmental analysis model.

The primary endpoints of this study were maximum
serum drug concentration (C,,,,,), area under the serum con-
centration—time curve from time O to time of the last quan-
tifiable concentration (AUC,,_,), and area under the serum
concentration—time curve from time 0 to infinity (AUC,,_).
Secondary PK endpoints included time to reach maximum
serum drug concentration (7},,,,), elimination half-life (1),
terminal elimination rate constant (),), total clearance (CL),
apparent volume of distribution during terminal phase (V,),
and mean residence time (MRT).

2.5 Safety Assessment

All randomized participants who received the designated
study drug were included in the safety set (SS). All AEs that
occurred between the time of signing the informed consent
form and the end of the follow-up period were recorded. AEs
were coded according to Medical Dictionary for Regulatory
Activities (MedDRA) Version 23.0 or above. The severity of
AEs was graded per the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI CTCAE)
Version 5.0. In causality assessments, all AEs were catego-
rized as adverse drug reactions (ADRs; AEs related to the
study drug) except for those definitely unrelated or unlikely
related to the study drug. AEs of special interest (AESIs) in
this study included cardiotoxicity (for frequency and time
points of ECGs, NT-proBNP measurements, and echocardio-
grams see the Electronic Supplementary Material, “Clinical
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and Laboratory Assessments”), IRRs, and hypersensitivity
or immediate hypersensitivity.

2.6 Immunogenicity Assessment

Blood samples for immunogenicity assessments were col-
lected from all participants before infusion and at 336 h (day
15), 1176 h (day 50), and 2352 h (day 99) post-infusion.
ADA s and neutralizing antibodies (NAbs) were detected by
validated electrochemiluminescence immunoassays at WuXi
AppTec Co., Ltd. Samples with ADA positivity were further
tested for the presence or absence of NAbs using validated
assays. The titre of positive ADA samples was also evalu-
ated. Methodological validation was strictly implemented in
accordance with guidelines [13]. The detailed methodologi-
cal validation results can be found in the Electronic Supple-
mentary Material (ESM Table S2).

2.7 Administration Dosages and Sample Size

According to the biosimilar guidelines, after high similarity
between the investigational drug and the reference products
has been confirmed through preclinical trials, the therapeutic
dose of the reference products can be used for biosimilarity
studies without the necessity of determining the therapeutic
dose of the investigational drug through a maximum tox-
icity dose assessment study [14]. The 420 mg dose is the
current clinical dose of the original drug, pertuzumab, and
has been reported to have a manageable safety profile in
healthy participants, with no serious or unintended toxicity
observed [15, 16].

Regarding the variation coefficient of the main PK param-
eters of pertuzumab in healthy participants, which was
approximately 20.0% [16], using Bonferroni adjustment,
the true mean ratio was 0.95, and the combined power was
80.0% (the power of the comparison between groups was
97.0%). The equivalent interval for the primary endpoint was
80.0-125.0%, and a = 0.05 (two one-sided, ¢ test). Thirty-
four valuable participants were needed in each group. Con-
sidering the possible withdrawal rate was approximately
20%, the number of samples in each group was set to 40,
and a total of 160 participants were enrolled.

2.8 Statistical Analysis

Statistical analysis was conducted using SAS v9.4 for Win-
dows. PK equivalence was established if 90% confidence
intervals (CIs) for the ratios of the geometric means for C,,,,

AUC,_,, and AUC,__, were within the range 80.0-125.0%.
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3 Results
3.1 Participant Disposition and Characteristics

A total of 394 participants were selected for this phase 1
clinical trial, and 234 participants were excluded due to
screen failure. The 160 eligible participants were rand-
omized 1:1:1:1 to the HLX11, US-pertuzumab, EU-pertu-
zumab, and CN-pertuzumab groups (n = 40 per group). All
eligible participants received the designated study treatment
and were included in the PKS and the SS. One participant
from the CN-pertuzumab group discontinued the study due
to poor compliance (Fig. 1). Among 160 adults who received
an injection, all were aged 18—45 years and weighed no less
than 50 kg, and their BMIs were within the range of 19-26.
The baseline characteristics were well balanced among the
four groups, and the detailed demographics and baseline
characteristics are shown in Table 1.

3.2 Pharmacokinetics Results

Serum drug concentration was detected by ELISA, which
was fitted to form the average plasma drug concentration
curve of HLX11 and the other three reference products
(Fig. 2A). The logarithmic transformation of the curve is
shown in Fig. 2B. At the same time, the plasma drug concen-
tration of each participant in the four groups was fitted (see
Electronic Supplementary Material ESM Figures SIA-D).
It can be seen from the mean serum concentration—time
profiles that after a single intravenous infusion of HLX11
and the three reference products, the profiles of each treat-
ment group basically coincided, the mean serum concentra-
tion—time profiles of the study drugs basically coincided,
and the serum concentrations were similar over time. There
was no significant difference in blood concentration between
the four groups after administration, which showed the high
similarity of the time course of drug concentrations.

A summary of serum PK parameters is shown in Table 2.
After a single intravenous infusion of the four study drugs,
the exposure level of the study drugs was comparable. Sta-
tistics show that for the primary evaluation parameters, the
arithmetic means of the C,,, of HLX11, US-pertuzumab,
EU-pertuzumab, and CN-pertuzumab were 189.39, 178.28,
189.63, and 182.45 pg/mL, respectively; the arithmetic
means of AUC,,_, were 49925.9, 52876.8, 53220.2, and
53824.1 h pg/mL, respectively; and the arithmetic means of
AUC,_, were 51259.2, 54308.4, 54390.0, and 53299.9 h pg/
mL, respectively. The main PK parameters above were simi-
lar among the four groups.

The results of the PK similarity for each pairwise com-
parison of the primary PK endpoint (C,,,., AUC,_,, AUC
0-o) between HLX11 and the three reference pertuzumab
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Fig.1 Study design and patient flow diagram. CN China, EU European Union, /CF Informed Consent Form, PK pharmacokinetic, PKS PK
analysis set, SS safety set, US United States

Table 1 Baseline demographic characteristics

Characteristic HLX11 (n =40) US-pertuzumab (n = EU-pertuzumab CN-pertuzumab Overall (N = 160)
40) (n=40) (n=40)

Age (years) Mean (SD) 28.7 (6.39) 29.5 (6.09) 29.4 (5.88) 27.7 (6.21) 28.8 (6.13)

Height (cm) Mean (SD) 173.10 (5.99) 171.51 (6.44) 169.18 (7.23) 172.49 (6.06) 171.57 (6.56)

Weight (kg) Mean (SD)  68.10 (7.886) 65.52 (7.037) 64.25 (7.364) 65.00 (7.174) 65.72 (7.445)

BMI (kg/m?) Mean (SD)  22.69 (2.039) 22.24 (1.698) 22.41 (1.632) 21.80 (1.551) 22.28 (1.754)

BMI body mass index, CN China, EU European Union, SD standard deviation, US United States

mg HLX11 and pertuzumab (US-, EU-, and CN-approved
products), the 90% Cls of the geometric mean ratios (GMRs)

products are summarized in Table 3. From the results, it
can be seen that after a single intravenous infusion of 420
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Fig.2 The mean serum concentration (mean + SD)-time profiles

by treatment (linear and semilogarithmic scale) (PKS). A The mean
serum concentration—time profiles (linear scale), mean (+ SD). B The
mean serum concentration—time profiles (semilogarithmic scale). CN
China, EU European Union, PK pharmacokinetic, PKS PK analysis
set, SD standard deviation, US United States

of the primary PK parameters (C,,,,, AUC,_,, AUC,_.)
ranged from 86.29 to 115.06%, all within the range of
80.0-125.00%, and analysis of variance indicated that treat-
ment had no statistically significant effect on the primary PK
parameters (Table 3).

For the secondary PK parameters, the statistical results
showed that the #,, of each treatment group was very close,
at 316.089, 330.392, 310.725, and 307.217 h. The CL of the
four groups was 0.0085, 0.0079, 0.0080, and 0.0081 L/h,
respectively, and the A, were 0.0023, 0.0022, 0.0023, and
0.0024 1/h, respectively. Other PK parameters, such as Vz
and MRT, were all comparable across the four treatment
groups (Table 2). For the secondary PK endpoint (7,,,,),
the results showed that the median values of the secondary
PK parameter (T},,,) between each pair of groups were all
4.150 h, and there was no significant difference between
each pairwise comparison group (Table 4).
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3.3 Safety Results

The AEs occurring during the study were all treatment-emer-
gent adverse events (TEAEs) during the treatment period,
and no AEs occurred at screening. The incidence and sever-
ity of TEAEs were essentially comparable among HLX11
and the three reference products. TEAEs were reported in a
total of 153 participants (95.6%), including 39 participants
(97.5%) in the HLX11 group, 39 participants (97.5%) in
the US-pertuzumab group, 39 (97.5%) participants in the
EU-pertuzumab group, and 36 participants (90.0%) in the
CN-pertuzumab group. Most of the TEAEs were grade 1 or
2 (Table 5). A total of four participants (2.5%) had grade 3
TEAE:S, of which two participants had transient blood tri-
glycerides increased, one in the HLX11 group and one in
the EU-pertuzumab group each, which may not be related to
the study drugs, and the other two participants experienced
drug-related AEs, with one participant experiencing duode-
nal ulcer in the US-pertuzumab group and one participant
experiencing transient proteinuria in the CN-pertuzumab
group. No participants had grade 4 or grade 5 TEAEs. In all
eligible participants, the most frequently reported TEAEs by
preferred term (PT) were leucocytosis (54.4%), proteinuria
(36.9%), hypertriglyceridaemia (30.6%), urinary tract infec-
tion (28.1%), diarrhoea (26.3%), mouth ulceration (18.8%),
and hyperuricaemia (15.6%) (Table 6).

ADRs were reported in 145 participants (90.6%). Of
these, ADRs were reported in 35 participants (87.5%) in
the HLX11 group, 37 participants (92.5%) in the US-per-
tuzumab group, 37 participants (92.5%) in the EU-pertu-
zumab group, and 36 participants (90.0%) in the CN-per-
tuzumab group. The incidence of ADRs was essentially
similar between HLX11 and pertuzumab (US-, EU-, and
CN-approved products). By PT, the most common ADRs
included leucocytosis (54.4%), proteinuria (36.9%), urinary
tract infection (28.1%), diarrhoea (26.3%), mouth ulcera-
tion (18.8%), increased neutrophil count (13.1%), and rash
(11.3%) (Table 7). For the common ADRs, the incidence
was similar in the HLX11 group and the three reference
groups.

Most of the ADRs were grade 1-2 in severity, except for
the following cases: in one participant in the US-Pertuzumab
group, the duodenal ulcer was grade 3, and in one participant
in the CN-Pertuzumab group, the proteinuria was grade 3
(Table 8). Overall ADR severity assessments were generally
similar between HLX11 and the other three reference prod-
ucts. No AESIs or TEAE: led to the discontinuation of study
drugs, and no deaths were reported in any treatment group
due to TEAESs. At the end of the study, most of the adverse
reactions were recovered or improved. Thus, the safety of
HLX11 and the other three reference products is similar,
and all have good safety.
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Table2 Serum PK parameters after a single dose infusion of 420 mg HLX11 and pertuzumab (US, EU, and CN-approved)

PK parameter (unit) Mean + SD (CV%)

n  HLX11 (N =40) n  US-pertuzumab n  EU-pertuzumab n  CN-pertuzumab (N = 40)
(N =40) (N =40)
Crax (Hg/mL) 40 189.39 + 53.5994 40 178.28 +45.8143 40 189.63 + 55.5370 40 182.45 +34.1514 (18.72)
(28.30) (25.70) (29.29)
AUC, (hpg/mL) 40 49925.9 +9771.448 40 52876.8 +7125.275 40 53220.2 + 10238.04 39 53824.1 + 14108.88
(19.57) (13.48) (19.24) (26.21)
AUC,_, (hpg/mL) 40 51259.2 +9929.16 40 54308.4 +7775.226 40 54390.0 + 10192.88 38 53299.9 + 9927.872
(19.37) (14.32) (18.74) (18.63)
T,0x () 40 4.150 (1.17,25.15) 40 4.150 (1.17,49.15) 40 4.150 (1.17,25.15) 40 4.150 (1.17, 672.92)
%AUC,, (%) 40 2.6177 + 1.8257 (69.74) 40 2.4966 + 1.9055 (76.32) 40 2.2331 + 1.6591 (74.30) 39 2.7872 + 4.6360 (166.33)
A, (1/h) 40 0.0023 +0.0004 (17.39) 40 0.0022 + 0.0006 (27.27) 40 0.0023 + 0.0005 (21.74) 38 0.0024 + 0.0006 (25.00)
t, (h) 40 316.089 + 52.2015 40 330.392 + 69.3940 40 310.725 + 56.6082 38 307.217 + 68.4140
(16.51) (21.00) (18.22) (22.27)
CL (L/h) 40 0.0085 +0.0017 (20.00) 40 0.0079 +0.0012 (15.19) 40 0.0080 + 0.0015 (18.75) 38 0.0081 + 0.0015 (18.52)
V, L) 40 3.8198 +0.7071 (18.51) 40 3.7026 + 0.6628 (17.90) 40 3.5940 + 0.9730 (27.07) 38 3.5359 + 0.7009 (19.82)
MRT (h) 40 459.365 + 66.0719 40 501.507 + 69.8857 40 476.889 + 57.5458 38 471.921 + 68.5419
(14.38) (13.94) (12.07) (14.52)

Mean + SD was used to describe most parameters; 7,

‘nax Was expressed as median (min, max). CV% = SD/mean; it reflects the inter-individual
variability

%AUCex percentage of AUC,,_, obtained by extrapolation, Az terminal elimination rate constant, AUC,_, the AUC of the analyte in the plasma
over the time interval from time zero to the last measurable concentration, AUC,,_,, area under the serum concentration—time curve from time 0
to infinity, CL total clearance, C,,,, the maximum observed drug concentration in the plasma, CN China, CV% coefficient of variation, EU Euro-
pean Union, MRT mean residence time, PK pharmacokinetic, SD standard deviation, T,,,, time to reach maximum serum concentration,t,, elimi-

nation half-life, US United States, V_ volume of distribution during terminal phase

3.4 Immunogenicity Results

On day 15 and day 50, no participants tested positive for
ADAs, and the occurrence time for ADA positivity was
1680 h (day 70) to 2352 h (day 99) in all four groups. On
day 99, the incidence of ADA positivity for the HLX11,
US-pertuzumab, EU-pertuzumab, and CN-pertuzumab treat-
ment groups was 62.50% (25/40), 37.50% (15/40), 37.50%
(15/40), and 37.50% (15/40), respectively. The overall inci-
dences of NADb positivity after infusion of HLX11, US-per-
tuzumab, EU-pertuzumab, and CN-pertuzumab were low
and comparable across groups, which were 0, 2.50% (1/40),
7.50% (3/40), and 2.50% (1/40), respectively (Table 9). One
participant in the EU-pertuzumab group tested positive for
ADA at baseline prior to study drug administration and neg-
ative for remaining visits, which was categorized as negative
for overall ADA status. Because this participant did not test
positive at any time after receiving the study drug, no test
for NAbs was performed.

To detect the effect of immunogenicity on serum concen-
tration, the mean drug serum concentration—time profiles on
the linear and semilogarithmic scale were plotted according
to the ADA/NAD (Fig. 3A-D). It can be seen that immuno-
genicity had no effect on the plasma concentration in the
different treatment groups.

To detect the effect of immunogenicity on PK param-
eters, PK parameters were summarized according to ADA
results (Table 10). As shown from the results, after a single
intravenous infusion of HLX11, US-pertuzumab, EU-pertu-
zumab, or CN-pertuzumab, the difference in mean values of
AUC,_.,, AUC_, and C,,,, were all less than 10% between
ADA-positive participants and ADA-negative participants,
and other PK parameters were comparable. The PK charac-
teristics and the safety profile of the study drugs were not
influenced by the ADA (Table 10).

4 Discussion

HLX11, a biosimilar candidate for pertuzumab, displayed
comparable PK, safety, and immunogenicity profiles to
US-pertuzumab in preclinical findings (data on file), which
supported its clinical application potential. This trial is
the first-in-human study of HLX11 and mainly focused on
HLX11 to evaluate the PK profile, safety, and immunogenic-
ity compared to the originator pertuzumab (US-, EU-, and
CN-approved products) in healthy Chinese adult males.
Referring to guidelines and other study documents, healthy
male participants should be able to provide the most homog-
enous population for sensitive comparisons of the PKs of
HLX11 and pertuzumab, and at the same time, to reduce
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Table 3 Analyses for PK similarity of each pairwise comparison-primary PK endpoints (AUC,,_.,, AUC_,, and C

max)

PK parameter (unit) 7T vs. R GeoLSM TIR ratio (%) 90% CI of T/R ratio Inter-individual Power (%)
(%) variability (%)
n T n R
AUC, , (hpg/mL) HLXII vs. US-pertu- 40 50297.1 40 53745.1 93.58 (87.66, 99.90) 17.69 99.65
zumab
HLX11 vs. EU-pertu- 40 50297.1 40 53478.1 94.05 (87.54, 101.05) 19.47 99.29
zumab
HLX11 vs. CN-pertu- 40 50297.1 38 524152 95.96 (89.23, 103.20) 19.46 99.79
zumab
US-pertuzumab vs. 40 53745.1 40 53478.1 100.50 (94.40, 106.99) 16.94 >99.99
EU-pertuzumab
CN-pertuzumab vs. 38 524152 40 53478.1 98.01 (91.37, 105.13) 18.75 99.98
EU-pertuzumab
CN-pertuzumab vs. 38 52415.2 40 53745.1 97.53 (91.56, 103.88) 16.86 >99.99
US-pertuzumab
AUC, , (hpg/mL) HLXI11 vs. US-pertu- 40 48972.0 40 523935 93.47 (87.65, 99.68) 17.40 99.68
zumab
HLX11 vs. EU-pertu- 40 48972.0 40 522764 93.68 (87.07, 100.79) 19.84 98.91
zumab
HLX11 vs. CN-pertu- 40 48972.0 39 52432.5 93.40 (86.29, 101.09) 21.36 97.49
zumab
US-pertuzumab vs. 40 523935 40 52276.4 100.22 (94.17, 106.67) 16.86 >99.99
EU-pertuzumab
CN-pertuzumab vs. 39 524325 40 52276.4 100.30 (92.82, 108.38) 20.91 99.95
EU-pertuzumab
CN-pertuzumab vs. 39 524325 40 52393.5 100.07 (93.40, 107.22) 18.57 >99.99
US-pertuzumab
Croax (Hg/mL) HLX11 vs. US-pertu- 40 183.64 40 173.81 105.66 (97.03, 115.06) 23.20 97.63
zumab
HLX11 vs. EU-pertu- 40 183.64 40 183.33 100.17 (91.39, 109.80) 25.03 99.39
zumab
HLX11 vs. CN-pertu- 40 183.64 40 179.56 102.27 (94.53, 110.65) 21.39 99.83
zumab
US-pertuzumab vs. 40 173.81 40 183.33 94.80 (86.84, 103.49) 23.89 97.28
EU-pertuzumab
CN-pertuzumab vs. 40 179.56 40 183.33 97.95 (90.29, 106.25) 22.13 99.76
EU-pertuzumab
CN-pertuzumab vs. 40 179.56 40 173.81 103.31 (95.95,111.24) 20.06 99.86

US-pertuzumab

AUC,_, the AUC of the analyte in the plasma over the time interval from time zero to the last measurable concentration, AUC,,_, area under the
serum concentration—time curve from time O to infinity, CI confidence interval, C,,,, the maximum observed drug concentration in the plasma,
CN China, EU European Union, GeoLSM geometric least square mean, PK pharmacokinetic, R reference, T test, US United States, vs. versus

the occurrence of ADA in women as much as possible, we
chose males as participants in this study [17]. We found that
the four drugs were bioequivalent and had similar immuno-
genicity and safety profiles.

HLX11 and pertuzumab (US-, EU-, and CN-approved
products) had similar serum drug concentrations versus time
profiles. According to the bioequivalence evaluation trial of
pertuzumab biosimilars, the PK profile of HLX11 obtained
in this study was similar to that of other pertuzumab biosimi-
lars reported in healthy adults [18]. A study on pertuzumab
injection (a biosimilar of pertuzumab produced by Chia Tai
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Tianqging Pharmaceutical Group Co., Ltd) showed that under
the 90% CIs, the GMRs of the primary PK parameters of
AUC,_,, C,.«» and AUC,,__, for pertuzumab and the origina-
tor of pertuzumab (produced by Roche Pharma AG) were
100.42%, 96.71%, and 101.47%, respectively, and the 90%
CIs were all within 80-125%, meeting the bioequivalence
standards [19]. In this study, the results demonstrated that
the four study drugs had similar mean C,,,, AUC,_,, and
AUC,_,, values. The GMRs of the primary PK parameters
(Cpax» AUC,,_,, AUC,,_) for HLX11 and pertuzumab (US-,

EU-, and CN-approved products) ranged from 93.40% to
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Table 4 PK similarity analysis: secondary PK endpoint (7,,,) (PKS)

PK parameter (unit) Tvs.R Median P value

n T n R

T o) HLX11 vs. US-pertuzumab 40 4.15 40 4.15 0.9756
HLX11 vs. EU-pertuzumab 40 4.15 40 4.15 0.7533
HLX11 vs. CN-pertuzumab 40 4.15 40 4.15 0.9028
US-pertuzumab vs. EU-pertuzumab 40 4.15 40 4.15 0.7517
CN-pertuzumab vs. EU-pertuzumab 40 4.15 40 4.15 0.6352
CN-pertuzumab vs. US-pertuzumab 40 4.15 40 4.15 0.8534

T'ax Was expressed as median (min, max)

CN China, EU European Union, PK pharmacokinetic, PKS PK analysis set, R reference, T test, T,

tion, US United States, vs. versus

‘e tiMeE to reach maximum serum concentra-

Table 5 Overview of treatment-emergent adverse events (safety population, N = 160)

HLX11 (N = 40) US-per- EU-per- CN-per- Total (N = 160)
tuzumab tuzumab tuzumab
(N =40) (N =40) (N =40)

Overall 39 (97.5) 39 (97.5) 39(97.5) 36 (90.0) 153 (95.6)
Predose adverse events, n (%) 0 0 0 0 0
During treatment period, n (%)

TEAEs?* 39 (97.5) 39 (97.5) 39(97.5) 36 (90.0) 153 (95.6)

TEAE:s leading to withdrawal 0 0 0 0 0

TEAE:s leading to infusion interrupted 0 0 0 0 0

TEAE:s resulting in death 0 0 0 0 0

AESI®, 1 (%) 0 0 0 0 0

Serious TEAEs 0 12.5) 0 0 1(0.6)
Maximum CTCAE grade for any TEAEs®

Grade 1 30 (75.0) 34 (85.0) 29 (72.5) 25 (62.5) 118 (73.8)

Grade 2 8(20.0) 4 (10.0) 9(22.5) 10 (25.0) 31(19.4)

Grade 3 12.5) 12.5) 1(2.5) 1(2.5) 4(25)

Grade 4 and grade 5 0 0 0 0 0
Drug-related TEAEs (ADR®), (%) 35(87.5) 37 (92.5) 37 (92.5) 36 (90.0) 145 (90.6)
Drug-related TEAEs with grade > 3, n (%) 0 1(2.5) 0 1(2.5) 2(1.3)
Drug-related serious TEAEs 0 1(2.5) 0 0 1(0.6)
Drug-related TEAEs resulting in death 0 0 0 0 0
Drug-related TEAESs leading to withdrawal 0 0 0 0 0
Drug-related TEAEs leading to infusion interrupted 0 0 0 0 0

N = number of participants

ADR adverse drug reaction, AE adverse event, AESI adverse event of special interest, CN China, CTCAE Common Terminology Criteria for
Adverse Events, EU European Union, US United States, TEAE treatment-emergent adverse event

*TEAEs were defined as any event starting or getting worse on or after the first dose of studydrug

b AESIs including infusion-related AEs, cardiotoxicity-related AEs, and hypersensitivity/immediate hypersensitivity-related AEs

¢Adverse events in this study were graded using the CTCAE v5.0
4ADRs, AEs related to the study drug

105.66%, and the upper and lower bounds of the 90% Cls of
Craxs AUC_,, and AUC,,__, ranged from 115.06 to 87.66%,

all within the range of 80.00-125.00%, indicating that
HLX11 is bioequivalent to US-pertuzumab, EU-pertuzumab,

and CN-pertuzumab in the PK profile. In this study, we not
only compared HLX11 to the originator of pertuzumab from
three different origins (US, EU, and CN), we also compared
the bioequivalence between the three originator products.
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Table 6 Summary of treatment-emergent adverse events by SOC and PT (safety set, N = 160)

HLX11 (N =40) US-per- EU-per- CN-per- Total (N = 160)
tuzumab tuzumab tuzumab
(N =40) (N =40) (N =40)
Patients with at least one TEAE, n (%) [1] 39 (97.5) 39 (97.5) 39 (97.5) 36 (90.0) 153 (95.6)
Investigations, n (%) 28 (70.0) 23 (57.5) 27 (67.5) 18 (45.0) 96 (60.0)
Neutrophil count increased 6 (15.0) 3(7.5) 5(12.5) 7(17.5) 21 (13.1)
Blood cholesterol increased 5(12.5) 5(12.5) 5(12.5) 3(7.5) 18 (11.3)
White blood cells urine positive 3(7.5) 5(12.5) 5(12.5) 5(12.5) 18 (11.3)
Blood pressure decreased 7(17.5) 1(2.5) 2(5.0) 2(5.0) 12 (7.5)
Red blood cells urine positive 3(7.5) 4 (10.0) 2 (5.0) 2 (5.0) 11 (6.9)
Alanine aminotransferase increased 4 (10.0) 1(2.5) 3(7.5) 2(5.0) 10 (6.3)
Blood glucose increased 1(2.5) 3(7.5) 3(7.5) 3(7.5) 10 (6.3)
Blood pressure increased 2(5.0) 2(5.0) 1(2.5) 2 (5.0 7(4.4)
Glucose urine present 3(7.5) 3(7.5) 0 0 6 (3.8)
Urobilinogen urine increased 1(2.5) 2(5.0) 1(2.5) 2(5.0) 6 (3.8)
Heart rate increased 1(2.5) 3(7.5) 1(2.5) 0 5@3.1)
Platelet count increased 1(2.5) 2(5.0 0 2(5.0 5@3.1)
Aspartate aminotransferase increased 2(5.0) 1(2.5) 0 1(2.5) 4(2.5)
Blood urine present 0 2 (5.0 2 (5.0 0 4(2.5)
Urine leukocyte esterase positive 1(2.5) 2(5.0) 0 1(2.5) 4(2.5)
Blood bilirubin increased 1(2.5) 0 2(5.0) 0 3(1.9)
Blood bilirubin unconjugated increased 1(2.5) 0 2(5.0) 0 3(1.9)
Urine ketone body present 1(2.5) 1(2.5) 0 1(2.5) 3(1.9
Heart ratedecreased 1(2.5) 1(2.5) 0 0 2(1.3)
Nitrite urine present 0 1(2.5) 1(2.5) 0 2(1.3)
Bilirubin conjugated increased 0 0 1(2.5) 0 1(0.6)
Crystal urine present 0 0 1(2.5) 0 1(0.6)
Electrocardiogram ST segment abnormal 0 0 1(2.5) 0 1 (0.6)
Gamma-glutamyl transferase increased 0 0 0 1(2.5) 1(0.6)
Lymphocyte count increased 0 0 1(2.5) 0 1(0.6)
N-terminal prohormone brain natriuretic peptide increased 1 (2.5) 0 0 0 1(0.6)
Urine bilirubin increased 0 0 1(2.5) 0 1(0.6)
Blood and lymphatic system disorders, n (%) 21 (52.5) 21 (52.5) 26 (65.0) 20 (50.0) 88 (55.0)
Leucocytosis 21 (52.5) 21 (52.5) 25 (62.5) 20 (50.0) 87 (54.4)
Anaemia 0 0 1(2.5) 0 1(0.6)
Metabolism and nutrition disorders, n (%) 17 (42.5) 20 (50.0) 10 (25.0) 18 (45.0) 65 (40.6)
Hypertriglyceridaemia 14 (35.0) 18 (45.0) 7(17.5) 10 (25.0) 49 (30.6)
Hyperuricaemia 5(12.5) 6 (15.0) 5(12.5) 9 (22.5) 25 (15.6)
Gastrointestinal disorders, n (%) 11 (27.5) 17 (42.5) 13 (32.5) 21 (52.5) 62 (38.8)
Diarrhoea 7(17.5) 13 (32.5) 8 (20.0) 14 (35.0) 42 (26.3)
Mouth ulceration 7(17.5) 8 (20.0) 5(12.5) 10 (25.0) 30 (18.8)
Gingival bleeding 2(5.0) 0 1(2.5) 0 3(1.9)
Abdominal pain 0 1(2.5) 1(2.5) 0 2 (1.3)
Haemorrhoidal haemorrhage 0 0 1(2.5) 1(2.5) 2(1.3)
Abdominal discomfort 0 1(2.5) 0 0 1(0.6)
Duodenal ulcer 0 1(2.5) 0 0 1(0.6)
Nausea 0 0 0 1(2.5) 1(0.6)
Infections and infestations, n (%) 13 (32.5) 15 (37.5) 17 (42.5) 14 (35.0) 59 (36.9)
Urinary tract infection 10 (25.0) 10 (25.0) 13 (32.5) 12 (30.0) 45 (28.1)
Upper respiratory tract infection 2(5.0) 4(10.0) 5(12.5) 2(5.0) 13 (8.1)
Paronychia 2(5.0) 1(2.5) 1(2.5) 0 4(2.5)
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Table 6 (continued)

HLX11 (N =40) US-per- EU-per- CN-per- Total (N = 160)
tuzumab tuzumab tuzumab
(N = 40) (N =40) (N =40)

Peritonsillar abscess 1(2.5) 0 0 1(2.5) 2 (1.3)
Pneumonia 0 0 0 1(2.5) 1(0.6)
Renal and urinary disorders, n (%) 15 (37.5) 10 (25.0) 16 (40.0) 18 (45.0) 59 (36.9)

Proteinuria 15 (37.5) 10 (25.0) 16 (40.0) 18 (45.0) 59 (36.9)
Cardiac disorders, n (%) 3(7.5) 7(17.5) 8 (20.0) 1(2.5) 19 (11.9)
Sinus bradycardia 2(5.0) 5(12.5) 5(12.5) 0 12 (7.5)
Ventricular extrasystoles 0 1(2.5) 4(10.0) 1(2.5) 6 (3.8)
Sinus tachycardia 1(2.5) 1(2.5) 0 0 2 (1.3)
Skin and subcutaneous tissue disorders, n (%) 3(7.5) 5(12.5) 6 (15.0) 5(12.5) 19 (11.9)

Rash 3(7.5) 5(12.5) 6 (15.0) 4 (10.0) 18 (11.3)
Skin mass 0 0 0 1(2.5) 1(0.6)
Respiratory, thoracic and mediastinal disorders, n (%) 2(5.0) 6 (15.0) 4 (10.0) 5(12.5) 17 (10.6)
Epistaxis 1(2.5) 6 (15.0) 4(10.0) 4(10.0) 1509.4)
Oropharyngeal pain 1(2.5) 0 0 1(2.5) 2(1.3)
Psychiatric disorders, n (%) 1(2.5) 0 3(7.5) 0 4(2.5)
Fear of injection 1(2.5) 0 3(7.5) 0 4(2.5)
Injury, poisoning and procedural complications, n (%) 1(2.5) 0 1(2.5) 0 2(1.3)
Ligament sprain 1(2.5) 0 0 0 1(0.6)
Tendon rupture 0 0 1(2.5) 0 1(0.6)
Nervous system disorders, n (%) 0 1(2.5) 1(2.5) 0 2(1.3)
Headache 0 1(2.5) 1(2.5) 0 2(1.3)
Eye disorders, n (%) 1(2.5) 0 0 0 1(0.6)
Eye swelling 1(2.5) 0 0 0 1(0.6)
General disorders and administration site conditions, n (%) 0 1(2.5) 0 0 1(0.6)
Chest discomfort 0 1(2.5) 0 0 1(0.6)
Vascular disorders, n (%) 0 1(2.5) 0 0 1(0.6)
Orthostatic hypotension 0 1(2.5) 0 0 1(0.6)

N = number of participants; one patient with more than one history in the same SOC/PT is counted once for that SOC/PT (Medical Dictionary

for Regulatory Activities [MedDRA] Version 23.0)

CN China, EU European Union, PT preferred terms, SOC system organ class, TEAE treatment-emergent adverse event, US United States

Results showed that under the 90% ClIs, the GMRs of the
primary PK parameters between the three reference products
were all within the range of 80-125%. These results further
indicate that HLX11 has a higher PK similarity with the
reference preparations compared to other biosimilars.

The secondary objectives of this study were to assess the
safety and immunogenicity of HLX11 with respect to US-
pertuzumab, EU-pertuzumab, and CN-pertuzumab. Stud-
ies have shown that the administration of pertuzumab may
develop immunogenicity [20]. Another study, on SHR1309,
a biosimilar of pertuzumab (80 participants), showed that
after administration, 12 cases (30.0%) in the pertuzumab
group and 13 cases (32.5%) in the SHR-1309 group were
ADA positive, and the occurrence time for ADA positivity
was 1680 h (70 days) in both groups [16]. In this study, no
positive ADA result was observed in any treatment group
in the first 50 days, and the overall incidences of ADA and

NAD positivity after infusion of the four study drugs were
low and comparable across groups, which is consistent with
previous reports [15, 19]. In addition, we examined the effect
of immunogenicity on serum concentration, and results
showed that the drug concentrations between ADA-positive
and ADA-negative participants in each treatment group
were similar, and the differences in the mean values of the
primary PK parameters were all less than 10%; no obvious
effect on PK was observed (Fig. 2A-D, Table 10). Above all,
we can conclude that HLX11 and pertuzumab (US-, EU-,
and CN-approved products) have similar immunogenicity.
There were no serious adverse reactions after intrave-
nous administration of HLX11. The incidence of ADRs
was essentially similar between HLX11 and the three refer-
ence products. A majority of AEs were mild, grade 1-2 in
severity, except for one participant in the US-pertuzumab
group, for whom the duodenal ulcer was grade 3, and in
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Table7 Summary of treatment-emergent adverse events related to the study drugs by SOC and PT (safety set, N = 160)

HLXI11 (N=40) US-per- EU-per- CN-per- Total (N = 160)
tuzumab tuzumab tuzumab
(N =40) (N =40) (N =40)
Patients with at least one drug-related TEAE, n (%) 35(87.5) 37 (92.5) 37 (92.5) 36 (90.0) 145 (90.6)
Blood and lymphatic system disorders, n (%) 21 (52.5) 21 (52.5) 26 (65.0) 20 (50.0) 88 (55.0)
Leucocytosis 21 (52.5) 21 (52.5) 25 (62.5) 20 (50.0) 87 (54.4)
Anaemia 0 0 1(2.5) 0 1(0.6)
Gastrointestinal disorders, n (%) 11 (27.5) 17 (42.5) 12 (30.0) 21 (52.5) 61 (38.1)
Diarrhoea 7(17.5) 13 (32.5) 8(20.0) 14 (35.0) 42 (26.3)
Mouth ulceration 7(17.5) 8 (20.0) 5(12.5) 10 (25.0) 30 (18.8)
Gingival bleeding 2(5.0) 0 12.5) 0 3(1.9
Abdominal pain 0 1(2.5) 1(2.5) 0 2(1.3)
Abdominal discomfort 0 1(2.5) 0 0 1(0.6)
Duodenal ulcer 0 12.5) 0 0 1(0.6)
Nausea 0 0 0 1(2.5) 1(0.6)
Infections and infestations, n (%) 13 (32.5) 15 (37.5) 17 (42.5) 14 (35.0) 59 (36.9)
Urinary tract infection 10 (25.0) 10 (25.0) 13 (32.5) 12 (30.0) 45 (28.1)
Upper respiratory tract infection 2 (5.0) 4(10.0) 5(12.5) 2(5.0) 13 (8.1)
Paronychia 2 (5.0) 12.5) 1(2.5) 0 4(2.5)
Peritonsillar abscess 1(2.5) 0 0 1(2.5) 2(1.3)
Pneumonia 0 0 0 12.5) 1(0.6)
Renal and urinary disorders, n (%) 15 (37.5) 10 (25.0) 16 (40.0) 18 (45.0) 59 (36.9)
Proteinuria 15 (37.5) 10 (25.0) 16 (40.0) 18 (45.0) 59 (36.9)
Investigations, n (%) 14 (35.0) 11 (27.5) 12 (30.0) 11 (27.5) 48 (30.0)
Neutrophil count increased 6 (15.0) 3(7.5) 5(12.5) 7(17.5) 21 (13.1)
Red blood cells urine positive 3(7.5) 4 (10.0) 2(5.0) 2(5.0) 11 (6.9)
Alanine aminotransferase increased 4 (10.0) 12.5) 3(7.5) 2(5.0) 10 (6.3)
Blood pressure increased 2 (5.0) 2 (5.0) 1(2.5) 2 (5.0) 7(4.4)
Heart rate increased 1(2.5) 3(7.5 12.5) 0 5@3.1D
Aspartate aminotransferase increased 2(5.0) 1(2.5) 0 1(2.5) 4.(2.5)
Blood urine present 0 2(5.0) 2(5.0) 0 4(2.5)
Blood bilirubin increased 1(2.5) 0 2(5.0) 0 3(1.9)
Blood bilirubin unconjugated increased 1(2.5) 0 2(5.0) 0 3(1.9)
Bilirubin conjugated increased 0 0 12.5) 0 1(0.6)
Gamma-glutamyl transferase increased 0 0 0 1(2.5) 1(0.6)
N-terminal prohormone brain natriuretic peptide increased 1(2.5) 0 0 0 1(0.6)
Skin and subcutaneous tissue disorders, n (%) 3(7.5) 5(12.5) 6 (15.0) 5(12.5) 19 (11.9)
Rash 3(7.5) 5(12.5) 6 (15.0) 4 (10.0) 18 (11.3)
Skin mass 0 0 0 1(2.5) 1(0.6)
Respiratory, thoracic and mediastinal disorders, n (%) 2 (5.0) 6 (15.0) 4(10.0) 5(12.5) 17 (10.6)
Epistaxis 1(2.5) 6 (15.0) 4 (10.0) 4 (10.0) 15(9.4)
Oropharyngeal pain 1(2.5) 0 0 12.5) 2(1.3)
Cardiac disorders, n (%) 1(2.5) 2(5.0) 4(10.0) 1(2.5) 8 (5.0)
Ventricular extrasystoles 0 12.5) 4 (10.0) 1.5 6 (3.8)
Sinus tachycardia 1(2.5) 1(2.5) 0 0 2(1.3)
Nervous system disorders, n (%) 0 12.5) 12.5) 0 2(1.3)
Headache 0 1(2.5) 1(2.5) 0 2(1.3)
General disorders and administration site conditions, n (%) 0 12.5) 0 0 1(0.6)
Chest discomfort 0 12.5) 0 0 1(0.6)

N = number of participants; one patient with more than one history in the same SOC/PT is counted once for that SOC/PT (Medical Dictionary
for Regulatory Activities [MedDRA] Version 23.0)

CN China, EU European Union, PT preferred terms, SOC system organ class, TEAE treatment-emergent adverse event, US United States
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Table 8 Summary of >CTCAE grade 3 ADRs by SOC and PT (safety set)

HLX11 US-pertuzumab EU-pertuzumab CN-pertuzumab Total (N = 160)
(N =40) (N =40) (N =40) (N =40)
Patients with at least one drug-related 0 1(2.5) 0 1(2.5) 2(1.3)
TEAE grade > 3, n (%)
Gastrointestinal disorders, n (%) 0 1(2.5) 0 0 1(0.6)
Duodenal ulcer 0 1(2.5) 0 0 1(0.6)
Renal and urinary disorders, n (%) 0 0 0 1(2.5) 1(0.6)
Proteinuria 0 0 0 1(2.5) 1(0.6)

N = number of participants; one patient with more than one history in the same SOC/PT is counted once for that SOC/PT (Medical Dictionary

for Regulatory Activities [MedDRA] Version 23.0)

ADR adverse drug reaction, CN China, CTCAE Common Terminology Criteria for Adverse Events, EU European Union, PT preferred terms,
SOC system organ class, TEAE treatment-emergent adverse event, US United States

Table 9 Immunogenicity of HLX11 and pertuzumab (US, EU, and CN sourced) after a single dose infusion

Parameter Scheduled visit Result Treatment
HLX11 (N=40) US-per- EU-per- CN-per-
tuzumab tuzumab tuzumab
(N =40) (N = 40) (N = 40)
n (%) n (%) n (%) n (%)
Anti-drug antibodies (ADAs) Day 01 Positive 0 0 1(2.50) 0
Day 15 Positive 0 0 0 0
Day 50 Positive 0 0 0 0
Day 99/early termination Positive 25 (62.50) 15 (37.50) 15 (37.50) 15 (37.50)
Post-dose overall incidence  Positive 25 (62.50) 15 (37.50) 15 (37.50) 15 (37.50)
Neutralizing antibodies (NAbs)  Day 01 Positive 0 0 0 0
Day 99/early termination Positive 0 1(2.50) 3(7.50) 1(2.50)
Post-dose overall incidence  Positive 0 1(2.50) 3(7.50) 1(2.50)

CN China, EU European Union, US United States

one participant in the CN-pertuzumab group, where the
proteinuria was grade 3. The occurrence of these adverse
reactions mentioned above is actually related to the inhi-
bition of HER2, as previously reported [21]. There were
no notable differences between the four treatment groups in
clinical laboratory evaluations, electrocardiograms, echocar-
diograms, or vital signs. Overall ADR severity assessments
were generally similar between the HLX11 and the other
three reference products.

Pertuzumab has been associated with cardiotoxic events,
such as heart failure [22]. To reduce this risk, we excluded
participants with a history of or current cardiac disease or
left ventricular ejection fraction of > 55% from the study
and regularly performed echocardiography and measured
blood NT-proBNP concentrations (a biomarker of heart fail-
ure) after administration of the study drugs. We observed no
echocardiographic or NT-proBNP abnormalities during the
follow-up period in any group (Electronic Supplementary
Material, ESM Table S3-5). Compared to pertuzumab (US-,

EU-, and CN-approved products), HLX11 exhibits similar
safety.

Comparing with the previous studies reported, the
strength of this study is that it simultaneously compares the
bioequivalence of HLX11 with three different sources of
pertuzumab, whereas previous studies only compared to a
single original drug. So, based on the PK parameter, immu-
nogenicity, and the safety data in this phase 1 study, HLX11
may be one of the recommended candidates for pertuzumab.
However, this study has limitations. First, compared to real-
world clinical practice, only a limited patient population was
included, which may affect its generalizability. Addition-
ally, this study satisfactorily demonstrated the equivalence
between HLX11 and the three reference products of pertu-
zumab, but the similarity of HLX11 and pertuzumab in clin-
ical patients, including safety and efficacy, requires further
investigation. Therefore, to further validate the equivalence
between HLX11 and the reference pertuzumab, long-term
observations in real-world settings are needed.
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Fig.3 The effect of immunogenicity on serum concentration (mean +
SD) (linear and semilogarithmic scales). A Serum concentration—time
profiles stratified by ADA results (linear scale) (PKS), mean (+ SD).
B Serum concentration—time profiles stratified by ADA results (semi-
logarithmic scale) (PKS), mean (+ SD). C Serum concentration—time
profiles stratified by NAb results (linear scale) (PKS), mean (+ SD).

In conclusion, this study showed that HLX11 was com-
parable to three reference products, US-pertuzumab, EU-
pertuzumab, and CN-pertuzumab, in terms of PK and
safety profiles after a single intravenous infusion in healthy
adult males. These data support phase 3 clinical study

A\ Adis

D Serum concentration—time profiles stratified by NAb results (semi-
logarithmic scale) (PKS), mean (+ SD). ADA anti-drug antibody, CN
China, EU European Union, NAb neutralizing antibody, PK pharma-
cokinetic, PKS PK analysis set, SD standard deviation, US United
States

development of HLX11 as a pertuzumab biosimilar in the
patient population. All these promising results necessitate
further development of this pertuzumab biosimilar and may
increase the possibility of effective treatment for patients
with HER2-positive malignancies.
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Table 10 Summary of serum PK parameters by ADA results (PKS)

PK parameter Mean + SD (CV%)
unit
(unit) HLX11 (N =40) US-pertuzumab (N = 40) EU-pertuzumab (N = 40) CN-pertuzumab (N = 40)
Positive Negative Positive Negative Positive Negative Positive Negative
(N =25) (N=15) (N=15) (N =25) (N=15) (N =25) (N=15) (N =25)
Crax (Hg/mL)  191.70 + 185.53 + 171.23 + 182.50 + 188.49 + 190.32 + 178.63 + 184.74 +
60.0888 42.2829 31.6880 52.6827 53.2922 57.9143 34.3834 34.5117
(31.35) (22.79) (18.51) (28.87) (28.27) (30.43) (19.25) (18.68)
AUC, (hpg/ 51,2985 + 47,638.1 + 50,246.9 + 54,454.8 + 53,1142 + 53,283.8 + 50,590.0 + 55,8454 +
mL) 8610.968 11,397.32 8379.522 5884.235 11734.36 9486.567 10860.52 15684.43
(16.79) (23.92) (16.68) (10.81) (22.09) (17.80) (21.47) (28.09)
AUC,_ 52,692.3 + 48870.7 + 51,1314 + 56,214.6 + 54,699.7 + 54,204.2 + 51,9053 + 54,209.5 +
(h pg/mL) 8703.647 11618.75 8837.260 6525.954 11861.43 9309.247 11838.18 8625.064
(16.52) 23.77) (17.28) (11.61) (21.68) (17.17) (22.81) (15.91)
%AUC,, (%) 2.6631 + 2.5421 + 1.6297 + 3.0168 + 2.9454 + 1.8057 + 2.2521 + 3.1216 +
1.9807 1.5969 1.3877 2.0063 1.4304 1.6650 1.9252 5.7402
(74.38) (62.82) (85.15) (66.50) (48.56) (92.21) (85.48) (183.89)
Trax () 4.150 (1.17, 4.150 (1.17, 4.150 (1.17, 2.650 (1.17, 2.650 (1.17, 4.150 (1.17, 4.150 (1.17, 4.150 (1.17,
25.15) 4.18) 25.15) 49.15) 4.15) 25.15) 4.17) 672.92)
A, (1/h) 0.0022 + 0.0023 + 0.0023 + 0.0021 + 0.0021 + 0.0024 + 0.0022 + 0.0025 +
0.0004 0.0004 0.0004 0.0006 0.0004 0.0005 0.0005 0.0006
(18.18) (17.39) (17.39) (28.57) (19.05) (20.83) (22.73) (24.00)
t, (h) 316.191 = 315919 = 307.364 + 344.210 + 331.603 + 298.199 + 323.521 + 296.584 +
46.4345 62.4077 48.9523 76.7923 55.6226 54.4671 64.8607 69.9652
(14.69) (19.75) (15.93) (22.31) 16.77) (18.27) (20.05) (23.59)
CL (L/n) 0.0082 + 0.0091 + 0.0084 + 0.0076 + 0.0080 + 0.0080 + 0.0085 + 0.0079 +
0.0014 0.0022 0.0014 0.0010 0.0016 0.0014 0.0019 0.0012
(17.07) (24.18) (16.67) (13.16) (20.00) (17.50) (22.35) (15.19)
V, (L) 3.7017 + 4.0166 + 3.6789 + 3.7168 + 3.8338 + 3.4501 + 3.8273 + 3.3459 +
0.6344 0.7977 0.4878 0.7579 1.0267 0.9306 0.4938 0.7586
(17.14) (19.86) (13.26) (20.39) (26.78) (26.97) (12.90) (22.67)
MRT (h) 462.453 + 454.218 + 458.862 + 527.093 + 484.652 + 472.231 + 473.617 + 470.814 +
61.0751 75.6374 56.2753 65.3498 62.6626 55.0494 70.0989 69.0720
(13.21) (16.65) (12.26) (12.40) (12.93) (11.66) (14.80) (14.67)

Mean+ SD was used to describe the parameters by ADA results; T},

was expressed as median (min, max)

%AUCex percentage of AUC,,_ ., obtained by extrapolation, Az terminal elimination rate constant, ADA anti-drug antibody, AUC,, the AUC of
the analyte in the plasma over the time interval from time zero to the last measurable concentration, AUC,,_, area under the serum concentration—

time curve from time O to infinity, CL total clearance, C,,,,

the maximum observed drug concentration in the plasma, CN China, CV% coefficient
of variation, EU European Union, MRT mean residence time, PK pharmacokinetic, PKS PK analysis set, SD standard deviation, 7,

iy iME t0

reach maximum serum concentration, ,, elimination half-life, US United States, V, volume of distribution during terminal phase
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