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Abstract: As the first trastuzumab biosimilar introduced in China, there are few studies on the clinical application of 
HLX02, especially in combination with other antitumour drugs, for the treatment of HER-2-positive breast cancer. 
A multicenter retrospective study was conducted in three hospitals in China to select patients with HER-2-positive 
breast cancer who met the inclusion criteria and received HLX02 or the reference trastuzumab. Ninety-six pa-
tients diagnosed with HER-2-positive breast cancer were finally included and divided into two groups and treated 
with HLX02 or the reference trastuzumab. The results showed no significant differences in pathological complete 
response (70.0% vs. 76.2%; P=1.000) and overall response rate (91.9% vs. 94.9%; P=0.673) between the two 
groups. Kaplan-Meier survival curves also showed no significant difference in time-to-event variables between the 
two groups (log-rank P=0.48). Safety was also comparable in both groups. In conclusion, among patients with HER2-
positive breast cancer, HLX02 demonstrated equivalent efficacy and safety to its reference trastuzumab, both in 
neoadjuvant chemotherapy and in postoperative adjuvant therapy. However, clinical equivalence studies between 
HLX02 and the original trastuzumab drug remain challenging. Future research should focus on the clinical exchange 
between biosimilars and original drugs, as well as the extrapolation of biosimilars’ indications.
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Introduction

By 2020, breast cancer had become the most 
common cancer in the world, replacing lung 
cancer, and the main cause of cancer-related 
death in women due to its high global inciden- 
ce of 2.26 million new cases (https://www.iarc.
who.int/faq/latest-global-cancer-data-2020- 
qa). Approximately 20% of breast cancers ex- 
press human epidermal growth factor recep-
tor-2 (HER-2), which means that the tumour 
cells are more malignant, progress faster, and 
are more likely to metastasize and recur, while 
conventional radiotherapy and chemotherapy 
have low specificity. Thus, the diagnosis and 
treatment of HER-2-positive breast cancer has 
become a research hotspot [1, 2]. The advent 
of trastuzumab (Herceptin®, Genentech/Ro- 

che, Inc.), which has targeted patients with 
HER-2-positive breast cancer, has significantly 
improved their prognosis by specifically acting 
on HER-2 on the surface of cancer cells [3, 4]. 
Nevertheless, the high cost and limited avail-
ability of trastuzumab preclude its use by many 
eligible patients, especially in developing coun-
tries, such as China [5, 6].

The advent of biosimilars has not only intro-
duced alternatives with similar clinical effec-
tiveness to that of the original drugs but also 
reduced the cost of medication for patients [7]. 
Biosimilars are biological products that are  
similar in quality, safety and efficacy to the 
approved reference product for therapeutic use 
(https://www.ema.europa.eu/en/human-regula- 
tory/overview/biosimilar-medicines-overview). 

http://www.ajcr.us
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HLX02 (Zercepac®, Henlius, Inc.) was the first 
China-manufactured, globally evaluated trastu-
zumab biosimilar, and several recent studies 
have shown that HLX02 has similar safety, effi-
cacy, tolerability and immunogenicity to its ref-
erence trastuzumab (RTZ) [8-10]. Nevertheless, 
due to the large molecular weight and complex 
molecular structure of biosimilars, they cannot 
reach the exact same level as the original drug 
in terms of active ingredients, structure and 
function [11].

A phase III trial compared the efficacy of HLX02 
and RTZ combined with docetaxel in patients 
with recurrent or metastatic HER-2-positive 
breast cancer, showing that HLX02 and RTZ 
had equivalent efficacy and adverse events 
[10]. However, due to the strict inclusion and 
exclusion criteria set in the premarketing clini-
cal randomized controlled study (RCT), although 
the internal authenticity of the study itself has 
been improved, the external authenticity is 
poor, which limits the practical application and 
promotion of the research results [12]. In actu-
al clinical practice, the condition of HER-2-
positive breast cancer patients is usually het-
erogeneous, and they may need to be treated 
together with other drugs, such as pertuzumab 
[13]. Moreover, based on the fact that the 
development of biosimilars in China is only in 
the beginning stages, many ordinary people, 
and even doctors and pharmacists, do not com-
pletely understand biosimilars and even worry 
about their efficacy and safety [14]. Thus, real-
world research on biosimilars is encouraged in 
China to further improve the relevant biosimilar 
systems. As the first trastuzumab biosimilar 
marketed in China, it is necessary to conduct a 
comprehensive clinical evaluation of whether 
HLX02 achieves clinical consistency with the 
original drug from a real-world perspective and 
thus provide an evidence-based basis for the 
clinical replacement of biosimilars in China.

Materials and methods

Study design and patients

Clinical characteristics of patients were collect-
ed retrospectively from three tertiary level-A 
hospitals in Guangdong Province, China, bet- 
ween August 2020 and August 2022. This was 
a retrospective, observational cohort study so 
a waiver of informed consent was obtained. 
This study was approved by the Guangdong 

Provincial Hospital Association and the Ethics 
Committee of the First Affiliated Hospital of 
Guangdong Pharmaceutical University. The 
major inclusion criteria were (a) patients with a 
pathological diagnosis of HER-2-positive breast 
cancer and (b) patients who had received at 
least one cycle of the RTZ or HLX02 chemother-
apy regimen. The major exclusion criteria were 
(a) patients who had previously been treated in 
other hospitals; (b) patients with incomplete 
medical records or missing detailed data; (c) 
patients with other cancers; (d) patients who 
used RTZ concomitantly with HLX02; and (e) 
patients with renal failure or requiring he- 
modialysis.

Study variables

Data collected from the patient’s medical 
records included clinical characteristics at 
diagnosis, such as age, weight, height, clinical 
stage, Eastern Cooperative Oncology Group 
performance status (ECOG PS), lymph node 
status, estrogen receptor status, progesterone 
receptor status, number of lymph node metas-
tases, presence of distant organ metastases, 
and Ki67 level. We calculated the numbers of 
people receiving neoadjuvant chemotherapy 
and neoadjuvant chemotherapy combination 
regimens. Clinical staging was classified into 
stages I to IV using the tumor-node-metastasis 
(TNM) staging system [15].

Treatment and dosing information

In neoadjuvant chemotherapy or adjuvant che-
motherapy, when trastuzumab was used, all 
patients received an 8 mg/kg RTZ or HLX02 
intravenous loading dose in the first cycle and 
then received 6 mg/kg combined with other 
antineoplastic agents every 3 weeks. The treat-
ment cycle and the number of follow-up target-
ed treatments varied according to the patient’s 
disease stage, response to initial chemothera-
py and individual treatment tolerance. Most 
patients were planned to receive six cycles of 
neoadjuvant chemotherapy or adjuvant chemo-
therapy and to then continue to receive trastu-
zumab targeted therapy for one year.

Assessments and definition of outcomes

For patients receiving neoadjuvant chemother-
apy, clinical response was assessed accord- 
ing to the Miller-Payne system classification, 
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whereas for patients receiving postoperative 
adjuvant chemotherapy, response was ass- 
essed based on imaging reports following 
Response Evaluation Criteria in Solid Tumors 
(RECIST), and treatment-related adverse events 
were recorded [16, 17]. Adverse events were 
graded based upon National Cancer Institute 
Common Terminology Criteria for Adverse 
Events v5.0 grading.

The primary patient outcome was pathologic 
complete response (pCR), defined as the 
absence of invasive tumor cells in the breast 
tissue and in axillary lymph nodes, regardless 
of whether there was residual ductal carcinoma 
in situ (DCIS). The secondary outcomes were 
overall response rate (ORR), progression-free 
survival (PFS), and the incidence of each 
adverse reaction. The ORR was defined as the 
sum of the complete response (CR) and partial 
response (PR) rates. Progression-free survival 
(PFS) was defined as the time from the start of 
chemotherapy to disease progression, includ-
ing any recurrence or death from any cause. 
Patients without documented disease progres-
sion or death at the time of the final analysis 
were censored at the date of the last follow-up, 
with a cutoff date of 1 August 2022. We defined 
a significant decrease in left ventricular injec-
tion fraction (LVEF) as a decrease of ten per-
centage points from baseline or an absolute 
drop of less than 50%.

Statistical analysis

The Shapiro-Wilk test was used to determine 
whether continuous variables were normally 
distributed, and continuous variables that fol-
lowed a normal distribution were described as 
the mean, standard deviation, median, and 
interquartile range. Differences between cate-
gorical variables were assessed using the chi-
square test or Fisher’s exact test, and differ-
ences between continuous variables were 
assessed using Student’s t test or the Mann-
Whitney U test. In addition, subgroup analysis 
of efficacy parameters was performed accord-
ing to chemotherapy modality (preoperative 
neoadjuvant chemotherapy versus postopera-
tive adjuvant chemotherapy).

PFS was analyzed using the Kaplan-Meier 
method, and the log-rank test was used to iden-
tify variables that were statistically significant. 
Univariate and multivariate analyses were per-

formed with the Cox proportional hazards 
regression model to determine the effect of 
drug type on PFS. In multivariate analysis, fac-
tors with P < 0.1 were preferentially included, 
and if all factors had P > 0.1, age, weight, 
height, clinical stage, lymph node status, estro-
gen receptor status, progesterone receptor sta-
tus, number of lymph node metastases, pres-
ence of distant organ metastases, and Ki67 
level were included to observe the effect of 
drug type on PFS. Hazard ratios (HR) and their 
95% confidence interval (95% CI) were present-
ed. All statistical analyses were performed 
using R Version 4.1.1, P < 0. 05 was considered 
statistically significant.

Results

Patient characteristics

A total of 204 patients were obtained from the 
hospital database. After excluding the patients 
who did not meet the inclusion criteria, 96 
patients were finally included in the retrospec-
tive study, all of whom were female patients, 
including 37 patients receiving HLX02 treat-
ment and 59 patients receiving RTZ treatment 
(Figure 1). The baseline demographic and dis-
ease characteristics of the patients are shown 
in Table 1. No significant differences in age, 
weight, height, clinical stage, Eastern Coo- 
perative Oncology Group performance status 
(ECOG PS), lymph node status, estrogen recep-
tor status, progesterone receptor status, num-
ber of lymph node metastases, presence of 
distant organ metastases, Ki67 level, number 
of people receiving neoadjuvant chemotherapy, 
or neoadjuvant chemotherapy combination reg-
imens were noted between the two groups (all 
P > 0.05).

Efficacy results

In the entire patient population, 31 (32.3%) 
patients received neoadjuvant chemotherapy, 
including 10 in the HLX02 group and 21 in the 
RTZ group. The neoadjuvant chemotherapy 
combination regimens of the two groups was 
different according to the actual clinical situa-
tion, but there was no significant difference 
between the two groups (P=0.824) (Table 2). In 
the neoadjuvant chemotherapy population, 7 
(70.0%) patients in the HLX02 group and 16 
(76.2%) patients in the RTZ group achieved 
pCR. In the HLX02 group, 1 (10.0%) patient 
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Figure 1. Screening patient flow chart.

developed disease progression after receiving 
the 5th course of neoadjuvant chemotherapy, 
but overall, there was no significant difference 
in the efficacy of neoadjuvant chemotherapy 
between the two groups (P=1.000) (Table 2).

All patients received postoperative adjuvant 
therapy, with 37 in the HLX02 group and 59 in 
the RTZ group. Patients who had received prior 
neoadjuvant chemotherapy required only dual-
targeted trastuzumab and pertuzumab after 
surgery, and the other postoperative patients 
received 4 cycles of doxorubicin plus cyclo-
phosphamide followed by taxanes combined 
with trastuzumab and pertuzumab. In the entire 
patient population, 90 (93.7%) and 84 (87.5%) 
patients achieved overall response and com-
plete response, respectively, with 34 (91.9%) 
and 32 (86.5%) patients achieving overall 
response and complete response in the HLX02 
group and 56 (94.9%) and 52 (88.1%) patients 
achieving overall response and complete 
response in the RTZ group. There was no signifi-
cant difference in the efficacy of adjuvant che-
motherapy between the two groups (P > 0.05) 
(Table 3).

In the survival analysis, the median (range) fol-
low-up time for the entire patient population 

was 11 (3-24) months. The 
median (range) follow-up ti- 
mes were 11 (3-21) and 12 
(3-24) months in the HLX02 
and RTZ groups, respectively. 
During the follow-up period, a 
total of 4 (4.2%) patients ex- 
hibited disease progression, 
including 2 (5.4%) patients in 
the HLX02 group and 2 (3.4%) 
patients in the RTZ group. 
Given that no patient died dur-
ing the entire treatment peri-
od or follow-up period, only 
PFS curves were plotted, and 
Kaplan-Meier estimation de- 
scribed the recurrence status 
between the two groups. The 
results of the log-rank test 
showed no significant differ-
ence in recurrence status bet- 
ween the two groups (P=0.48), 
whereas the median PFS was 
not achieved in either group 
(Figure 2). Both univariate 

[HR: 0.503 (95% CI: 0.708, 3.579), P=0.493] 
and multivariate Cox proportional hazards 
regression models [HR: 0.708 (95% CI: 0.001, 
5.935), P=0.241] showed no effect of drug type 
on PFS.

Safety results

In the entire patient population, a total of 9 
(9.4%) patients experienced grade 3 or greater 
adverse events, with 3 (8.1%) in the HLX02 
group and 6 (10.2%) in the RTZ group. Among 
the population with grade 3 or greater adverse 
events, 2 patients treated with HLX02 devel-
oped grade 3 or greater myelosuppression 
compared with 5 patients in the RTZ group, 1 
patient in the HLX01 group developed severe 
diarrhoea, and 1 patient in the RTZ group devel-
oped severe drug-induced liver injury leading to 
temporary discontinuation of the targeted 
agent.

In addition, a total of 8 (8.3%) patients devel-
oped infusion-related reactions, with 4 (10.8%) 
patients in the HLX02 group and 4 (6.8%) 
patients in the RTZ group, exhibiting dizziness, 
headache, fear of cold, chills and other symp-
toms during infusion, but there was no signifi-
cant difference between the two groups 
(P=0.707).
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Table 1. Demographical characteristics and clinical data of the patients

Variables HLX02
(n=37)

RTZ
(n=59) P value

Demographics
    Age (y, Mean ± SD) 54.27 ± 11.66 51.27 ± 10.13 0.186
    Weight (kg) 59.38 ± 9.19 58.51 ± 8.63 0.643
    Height (cm) 157.73 ± 3.92 156.21 ± 5.06 0.123
Clinical stage 0.971
    I 8 (21.6) 12 (20.3)
    II 20 (54.1) 34 (57.6)
    III 7 (18.9) 9 (15.3)
    IV 2 (5.4) 4 (6.8)
ECOG PS ≥ 3 3 (8.1) 3 (5.1) 0.673
Nodal status 0.213
    Positive 14 (37.8) 30 (50.8)
    Negative 23 (62.2) 29 (49.2)
Estrogen receptor 0.731
    Positive 20 (54.1) 34 (57.6)
    Negative 17 (45.9) 25 (42.4)
Progesterone receptor 0.238
    Positive 17 (45.9) 20 (33.9)
    Negative 20 (54.1) 39 (66.1)
Number of lymph node metastasis ≥ 2 8 (21.6) 21 (35.6) 0.147
Distant organ metastasis 1.000
    Yes 2 (5.4) 4 (6.8)
    No 35 (94.6) 55 (93.2)
Ki67 (%) 45.05 ± 23.14 46.47 ± 24.54 0.778
Receive neoadjuvant chemotherapy 10 (27.0) 21 (35.6) 0.382
Data are n (%) unless otherwise indicated. Abbreviations: SD, standard deviation; ECOG PS, astern Cooperative Oncology 
Group performance status.

Table 2. Efficacy outcomes of neoadjuvant chemotherapy of 
two groups

HLX02
(n=10)

RTZ
(n=21) P value

Clinical response 1.000
    pCR 7 (70.0) 16 (76.2)
    pPR 2 (20.0) 5 (23.8)
    PD 1 (10.0) 0 (0.0)
Neoadjuvant chemotherapy regimens 0.824
    ACTHPa 1 (10.0) 4 (19.1)
    TCHb 2 (20.0) 2 (9.5)
    TCbHPc 4 (40.0) 6 (28.6)
    THPd 3 (30.0) 7 (33.3)
    THe 0 (0.0) 2 (9.5)
Data are n (%). aACTHP: doxorubicin, cyclophosphamide, taxane, trastuzum-
ab, and pertuzumab. bTCH: taxane, cyclophosphamide, and trastuzumab. 
cTCbHP: taxane, carboplatin, trastuzumab, and pertuzumab. dTHP: taxane, 
trastuzumab, and pertuzumab. eTH: taxane and trastuzumab. Abbreviations: 
pCR, pathological complete response; pPR, pathological partial response; 
PD, progressive disease.

It is worth noting that hypertension 
was reported in 2 patients in the 
HLX02 group and none in the RTZ 
group, but no statistically signifi-
cant difference was observed 
between the two groups (P=0.146). 
A total of 2 patients reported de- 
creased LVEF, which was a specific 
adverse reaction of trastuzumab, 
with 1 patient in the HLX02 group 
and 1 in the RTZ group, and there 
was no significant difference bet- 
ween the two groups (P=1.000). 
Overall, there were no significant 
differences in reported adverse 
events between the two groups (all 
P > 0.05) (Table 4).

Discussion

Biopharmaceuticals provide effi-
cient treatment for cancer patients, 
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Table 3. Efficacy outcomes of postoperative adjuvant therapy of two groups
HLX02
(n=37)

RTZ
(n=59) P value

Overall response (CR+PR) 34 (91.9) 56 (94.9) 0.673
    CR 32 (86.5) 52 (88.1) 0.943
    PR 2 (5.4) 4 (6.8)
    SD 1 (2.7) 1 (1.7)
    PD 2 (5.4) 2 (3.4)
Data are n (%). Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

Figure 2. Kaplan-Meier survival curves for progression-free survival.

but the high cost often limits their availability 
for patients, so the introduction of biosimilars 
in clinical practice is necessary to sustainably 
reduce the burden of medical care, especially 
in developing countries such as China. Treat- 
ment using biosimilars is not only a direct cost 
saving method but also motivates the clinical 
use of new therapies and drugs [18]. It has also 
previously been shown that HLX02 is more eco-
nomical than RTZ in the treatment of HER-2-
positive breast cancer and can allow more 
patients to access treatment [19]. Therefore, 
more attention should be given to the applica-
tion of HLX02 in the real world to further evalu-
ate whether it is equivalent to RTZ in terms of 
clinical effectiveness and safety.

This study evaluated the efficacy and safety of 
HLX02 versus RTZ in the treatment of patients 

with HER-2-positive breast cancer based on 
multicenter real-world clinical data. As an eval-
uation indicator of neoadjuvant chemotherapy 
for breast cancer, pCR is one of the prognostic 
factors to determine whether patients have 
clinical long-term survival benefit, and ORR is 
also one of the clinical endpoints for compara-
tive studies of antitumour biosimilars because 
of its rich information and sufficient sensitivity 
[20]. The results of this study showed that there 
was no significant difference in pCR (70.0% in 
the HLX02 group and 76.2% in the RTZ group) 
and ORR (91.9% in the HLX02 group and 94.9% 
in the RTZ group) between HLX02 and RTZ in 
the treatment of HER-2-positive breast cancer. 
In addition, the results of this study showed 
that there was no significant difference in effi-
cacy, survival outcomes or adverse events 
between HLX02 and RTZ in the treatment of 
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Table 4. Adverse events of two groups

Adverse event HLX02
(n=37)

RTZ 
(n=59)

P 
value

Number of TEAEsa 113 182
TEAEs ≥ Grade 3 3 6
Infusion-related reaction 4 (10.8) 4 (6.8) 0.707
Leukopenia 12 (32.4) 26 (44.1) 0.257
Neutropenia 7 (18.9) 15 (25.4) 0.461
Anemia 3 (8.1) 8 (13.6) 0.522
Increased alanine aminotransferase 11 (29.7) 23 (40.0) 0.356
Increased aspartate aminotransferase 11 (29.7) 21 (35.6) 0.553
Increased alkaline phosphatase 6 (16.2) 8 (13.6) 0.720
Insomnia 6 (33.3) 9 (38.9) 0.899
Decreased appetite 10 (27.0) 12 (20.3) 0.448
Nausea 4 (10.8) 6 (10.2) 0.920
Vomit 1 (2.7) 4 (6.8) 0.646
Diarrhea 6 (16.2) 7 (11.9) 0.544
Chest discomfort 7 (18.9) 4 (6.8) 0.100
Palpitation 2 (5.4) 3 (5.1) 1.000
Headache 1 (2.7) 2 (3.4) 1.000
Arthralgia 1 (2.7) 2 (3.4) 1.000
Myalgia 3 (8.1) 2 (3.4) 0.370
Hypertension 2 (5.4) 0 (0.0) 0.146
Fever 1 (2.7) 5 (8.5) 0.401
Infections 6 (16.2) 9 (15.2) 0.899
Stomatitis 3 (8.1) 3 (5.1) 0.673
Rash 5 (13.5) 7 (11.9) 0.812
Decreased LVEF 1 (2.7) 1 (1.7) 1.000
Data are n (%) unless otherwise indicated. aTEAEs were coded using the Medi-
cal Dictionary for Regulatory Activities version 21.1 coding dictionary. Adverse 
events were graded according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events version 5.0. Abbreviations: TEAE, treatment-
emergent adverse event; LVEF, left ventricular injection fraction.

HER-2-positive breast cancer with neoadjuvant 
chemotherapy or postoperative adjuvant thera-
py. These results also further showed that 
HLX02 had equivalent clinical efficacy and 
safety to RTZ, similar to the results of the phase 
III clinical trial conducted by Xu et al. [10]. In 
addition to analyzing the primary and second-
ary outcome measures, this study also com-
pared outcome measures such as CR and PR 
between the HLX02 group and RTZ group. The 
results showed that there was no significant 
difference in CR or PR between the two groups.

Compared with the previous Phase 3 clinical 
trial conducted by Xu et al. [10], this study 
included more diversified clinical data that was 
in line with the heterogeneous characteristics 

of clinical practice, including the 
population of neoadjuvant che-
motherapy, the clinical stage of 
the disease, and the combination 
regimens. Because the patient 
population included in this study 
was also treated with pertuzum-
ab, a targeted agent that can be 
combined with trastuzumab for 
HER-2 positive breast cancer, 
thereby significantly improving the 
clinical benefit of patients [21, 
22], this work is one of the few 
real-world studies that has shown 
for the first time that the trastu-
zumab biosimilar HLX02 com-
bined with pertuzumab has simi-
lar efficacy and safety to RTZ 
combined with pertuzumab in 
HER-2 positive breast cancer 
patients. Importantly, we also 
compared the safety profiles of 
the two drugs and found no differ-
ences between HLX02 and RTZ, 
especially with regard to infusion-
related reactions, diarrhoea of 
any grade, and cardiotoxicity. This 
is an important finding, since the 
use of RTZ has historically been 
associated with an increased risk 
of cardiotoxicity [3].

To date, an increasing number of 
new trastuzumab biosimilars have 
been gradually developed and 
have begun to enter phase I or 
phase III clinical trials, such as 

SIBP-01 and HL02 [23, 24]. Nevertheless, it is 
important to note that clinical interchange of 
biosimilars with original drugs and extrapola-
tion of biosimilar indications is more common 
in clinical practice. Especially for the indication 
extrapolation of biosimilars, the difference in 
immunogenicity response among populations 
with different indications may bring potential 
drug safety hazards to patients with indications 
extrapolated by biosimilars (https://www.cde.
org.cn/main/news/viewInfoCommon/d92c65- 
07a57bee9ccfc5baa1ee87fda9). Therefore, for 
the trastuzumab biosimilar HLX02, future stud-
ies should focus on the clinical interchange 
between biosimilars and original drugs as well 
as the extrapolation of indications for biosimi-
lars. Notably, a recently published study report-
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ed that HLX02 also showed good therapeutic 
effect in HER-2-positive gastric cancer [25].

HLX02 was brought to market in China in 
August 2020, so the number of patients using 
this drug is still relatively small. Moreover, 
because strict exclusion criteria were set in this 
study, few patients met the inclusion criteria. To 
include as many eligible patients as possible, 
this study selected multiple hospitals to con-
duct a multicenter real-world study. Due to the 
short marketing time of HLX02 and the current 
follow-up time of patients having reached 2 
years, this study will continue to follow the 
patients to further evaluate the clinical equiva-
lence and safety of HLX02 versus RTZ.

Limitations of this study should be noted. First, 
it was a retrospective study with a relatively 
small sample of patients using HLX02, a trastu-
zumab biosimilar newly marketed in China,  
and patients were followed for only 2 years. 
Therefore, attention must be paid to its intrinsic 
limitations to avoid a misleading and potentially 
harmful application of its results. However, 
sharing our data and experience is also helpful 
in the choice of clinical medication, as patients 
are recruited from multiple centers and thus 
provide more representative evidence. Second, 
given the need to enhance the homogeneity of 
the study population, patients receiving both 
HLX02 and RTZ were excluded from this study, 
which also included only Asian populations. 
Thus, future studies should include patients 
with clinical interchange between the biosimi-
lars and original drugs as well as patients of 
other ethnicities. Finally, the patients received 
trastuzumab and other antitumour drugs, such 
as pertuzumab, at the same time. Therefore, it 
could not be determined whether some adverse 
events were caused by trastuzumab. However, 
we recorded all adverse events from the medi-
cal records of patients in the two groups and 
performed statistical analysis. The results 
showed that there was no statistically signifi-
cant difference in adverse events between the 
two groups.

Conclusions

In conclusion, in the treatment of HER-2-
positive breast cancer, the trastuzumab bio-
similar HLX02 has equivalent clinical efficacy 
and safety to the original drug, especially in 
combination with pertuzumab, while HLX02 is 

more cost-effective and can be used as an 
important therapeutic strategy to reduce the 
medical burden. However, clinical equivalence 
studies between HLX02 and the original trastu-
zumab drug remain challenging, particularly 
involving the clinical interchange of biosimilars 
with the original drugs and extrapolation of bio-
similar indications.

Acknowledgements

This study was supported by the National Key 
Specialty Construction Project (Clinical Phar- 
macy) and the High-level Clinical Key Specialty 
of Guangdong Province, and the funders were 
the central finance subsidy fund for the im- 
provement of medical services and guarantee 
capacity, code Z155080000004; the Guang- 
zhou Minsheng Science and Technology Re- 
search Program Project, code 201803010096; 
and the Pharmaceutical Research Special Fund 
of Guangdong Provincial Hospital Association 
(Hengrui) Pharmaceutical Research Key Pro- 
ject, code 2021YXZD01.

Each patient signed an informed consent form 
at the initiation of diagnosis, allowing for fur-
ther clinical research and publication using the 
clinical records.

Disclosure of conflict of interest

None.

Address correspondence to: Jisheng Chen, Key 
Specialty of Clinical Pharmacy, The First Affiliated 
Hospital of Guangdong Pharmaceutical University, 
No. 19 Nonglinxia Road, Yuexiu District, Guangzhou 
510080, Guangdong, China. Tel: +86-020-8762- 
2305; ORCID: 0000-0003-3514-9086; Fax: +86-
020-61321967; E-mail: cjslym@163.com; Wenbin 
Zhuang, The First Affiliated Hospital of Guangdong 
Pharmaceutical University, No. 19 Nonglinxia Road, 
Yuexiu District, Guangzhou 510080, Guangdong, 
China. Tel: +86-13538774991; E-mail: zhuangwb@ 
163.com

References

[1] Waks AG and Winer EP. Breast cancer treat-
ment: a review. JAMA 2019; 321: 288-300.

[2] Banerjee S and Smith IE. Management of 
small HER2-positive breast cancers. Lancet 
Oncol 2010; 11: 1193-1199.

[3] Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, 
Paton V, Bajamonde A, Fleming T, Eiermann W, 



Comparative study of trastuzumab biosimilar HLX02 and the original drug

3121 Am J Cancer Res 2023;13(7):3113-3122

Wolter J, Pegram M, Baselga J and Norton L. 
Use of chemotherapy plus a monoclonal anti-
body against HER2 for metastatic breast can-
cer that overexpresses HER2. N Engl J Med 
2001; 344: 783-792.

[4] Marty M, Cognetti F, Maraninchi D, Snyder R, 
Mauriac L, Tubiana-Hulin M, Chan S, Grimes D, 
Anton A, Lluch A, Kennedy J, O’Byrne K, Conte 
P, Green M, Ward C, Mayne K and Extra JM. 
Randomized phase II trial of the efficacy and 
safety of trastuzumab combined with docetax-
el in patients with human epidermal growth 
factor receptor 2-positive metastatic breast 
cancer administered as first-line treatment: 
the M77001 study group. J Clin Oncol 2005; 
23: 4265-4274.

[5] Lammers P, Criscitiello C, Curigliano G and Ja-
cobs I. Barriers to the use of trastuzumab for 
HER2+ breast cancer and the potential impact 
of biosimilars: a physician survey in the United 
States and emerging markets. Pharmaceuti-
cals (Basel) 2014; 7: 943-953.

[6] Cherny N, Sullivan R, Torode J, Saar M and 
Eniu A. ESMO European consortium study on 
the availability, out-of-pocket costs and acces-
sibility of antineoplastic medicines in Europe. 
Ann Oncol 2016; 27: 1423-1443.

[7] Kim H, Alten R, Avedano L, Dignass A, Gomol-
lon F, Greveson K, Halfvarson J, Irving PM, 
Jahnsen J, Lakatos PL, Lee J, Makri S, Parker 
B, Peyrin-Biroulet L, Schreiber S, Simoens S, 
Westhovens R, Danese S and Jeong JH. The 
future of biosimilars: maximizing benefits 
across immune-mediated inflammatory dis-
eases. Drugs 2020; 80: 99-113.

[8] Xie L, Zhang E, Xu Y, Gao W, Wang L, Xie MH, 
Qin P, Lu L, Li S, Shen P, Jiang W and Liu S. 
Demonstrating analytical similarity of trastu-
zumab biosimilar HLX02 to Herceptin((R)) with 
a panel of sensitive and orthogonal methods 
including a novel fcgammariiia affinity chroma-
tography technology. BioDrugs 2020; 34: 363-
379.

[9] Zhu X, Ding Y, Yu Y, Wang M, Zhou W, Wang J, 
Zhu X, Zhang H, Wang M, Chai K, Zhang X, Luk 
A, Jiang W, Liu S and Zhang Q. A phase 1 ran-
domized study compare the pharmacokinet-
ics, safety and immunogenicity of HLX02 to 
reference CN- and EU-sourced trastuzumab in 
healthy subjects. Cancer Chemother Pharma-
col 2021; 87: 349-359.

[10] Xu B, Zhang Q, Sun T, Li W, Teng Y, Hu X, Bond-
arenko I, Adamchuk H, Zhang L, Trukhin D, 
Wang S, Zheng H, Tong Z, Shparyk Y and Wang 
Q; HLX02-BC01 Investigators. Efficacy, safety, 
and immunogenicity of HLX02 compared with 
reference trastuzumab in patients with recur-
rent or metastatic HER2-positive breast can-

cer: a randomized phase III equivalence trial. 
BioDrugs 2021; 35: 337-350.

[11] Declerck P, Danesi R, Petersel D and Jacobs I. 
The language of biosimilars: clarification, defi-
nitions, and regulatory aspects. Drugs 2017; 
77: 671-677.

[12] Knottnerus JA and Tugwell P. Real world re-
search. J Clin Epidemiol 2010; 63: 1051-1052.

[13] Swain SM, Baselga J, Kim SB, Ro J, Semiglazov 
V, Campone M, Ciruelos E, Ferrero JM, Schnee-
weiss A, Heeson S, Clark E, Ross G, Benyunes 
MC and Cortes J; CLEOPATRA Study Group. 
Pertuzumab, trastuzumab, and docetaxel in 
HER2-positive metastatic breast cancer. N 
Engl J Med 2015; 372: 724-734.

[14] Deng W, Yang S, Yang C, Chen H, Huang G, Wu 
H and Chen J. Rituximab biosimilar HLX01  
versus reference rituximab in the treatment of 
diffuse large B-cell lymphoma: real-world clini-
cal experience. J Oncol Pharm Pract 2022; 
[Epub ahead of print].

[15] O’Sullivan B, Brierley J, Byrd D, Bosman F, Ke-
hoe S, Kossary C, Piñeros M, Van Eycken E, 
Weir HK and Gospodarowicz M. The TNM clas-
sification of malignant tumours-towards com-
mon understanding and reasonable expecta-
tions. Lancet Oncol 2017; 18: 849-851.

[16] Cortazar P, Zhang L, Untch M, Mehta K, Costan-
tino JP, Wolmark N, Bonnefoi H, Cameron D, 
Gianni L, Valagussa P, Swain SM, Prowell T, 
Loibl S, Wickerham DL, Bogaerts J, Baselga J, 
Perou C, Blumenthal G, Blohmer J, Mamounas 
EP, Bergh J, Semiglazov V, Justice R, Eidtmann 
H, Paik S, Piccart M, Sridhara R, Fasching PA, 
Slaets L, Tang S, Gerber B, Geyer CE Jr, Pazdur 
R, Ditsch N, Rastogi P, Eiermann W and von 
Minckwitz G. Pathological complete response 
and long-term clinical benefit in breast cancer: 
the CTNeoBC pooled analysis. Lancet 2014; 
384: 164-172.

[17] Eisenhauer EA, Therasse P, Bogaerts J, 
Schwartz LH, Sargent D, Ford R, Dancey J, Ar-
buck S, Gwyther S, Mooney M, Rubinstein L, 
Shankar L, Dodd L, Kaplan R, Lacombe D and 
Verweij J. New response evaluation criteria in 
solid tumours: revised RECIST guideline (ver-
sion 1.1). Eur J Cancer 2009; 45: 228-247.

[18] Giuliani J, Fiorica F, Albanese V and Bonetti A. 
Financial toxicity and cancer treatments: help 
from biosimilars - the explanatory case of bev-
acizumab. Eur J Cancer 2021; 143: 40-42.

[19] Deng W, Hu J, Li M, Yang S, Xie Z and Chen J. 
Trastuzumab biosimilar HLX02 versus refer-
ence trastuzumab in patients with recurrent or 
metastatic HER2-positive breast cancer: a 
model-based economic evaluation for China. 
Expert Rev Pharmacoecon Outcomes Res 
2022; 22: 1117-1126.



Comparative study of trastuzumab biosimilar HLX02 and the original drug

3122 Am J Cancer Res 2023;13(7):3113-3122

[20] Garrison LP Jr, Babigumira J, Tournier C, Goertz 
HP, Lubinga SJ and Perez EA. Cost-effective-
ness analysis of pertuzumab with trastuzumab 
and chemotherapy compared to trastuzumab 
and chemotherapy in the adjuvant treatment 
of HER2-positive breast cancer in the United 
States. Value Health 2019; 22: 408-415.

[21] von Minckwitz G, Procter M, de Azambuja E, 
Zardavas D, Benyunes M, Viale G, Suter T, 
Arahmani A, Rouchet N, Clark E, Knott A, Lang 
I, Levy C, Yardley DA, Bines J, Gelber RD, Pic-
cart M and Baselga J; APHINITY Steering Com-
mittee and Investigators. Adjuvant pertuzum-
ab and trastuzumab in early HER2-positive 
breast cancer. N Engl J Med 2017; 377: 122-
131.

[22] Hurvitz SA, Martin M, Symmans WF, Jung KH, 
Huang CS, Thompson AM, Harbeck N, Valero V, 
Stroyakovskiy D, Wildiers H, Campone M, Boi-
leau JF, Beckmann MW, Afenjar K, Fresco R, 
Helms HJ, Xu J, Lin YG, Sparano J and Slamon 
D. Neoadjuvant trastuzumab, pertuzumab, 
and chemotherapy versus trastuzumab em-
tansine plus pertuzumab in patients with 
HER2-positive breast cancer (KRISTINE): a ran-
domised, open-label, multicentre, phase 3 tri-
al. Lancet Oncol 2018; 19: 115-126.

[23] Zhou H, Cao S, Zhu X, Xie J, Fan L, Ge Q, Wang 
Y, Zhu J, Liu Y, Shao Z, Shan R, Liu B, Wang H 
and Ding L. A randomized phase I pharmacoki-
netic trial comparing the potential biosimilar 
trastuzumab (SIBP-01) with the reference 
product (Herceptin(R)) in healthy Chinese male 
volunteers. Expert Opin Drug Metab Toxicol 
2020; 16: 997-1003.

[24] Zhang H, Liu T, Wu M, Wei H, Li C, Li X, Liu J, 
Chen H, Ding Y and Liu L. Safety and pharma-
cokinetics of a new biosimilar trastuzumab 
(HL02): a phase I bioequivalence study in 
healthy Chinese men. Expert Opin Biol Ther 
2022; 22: 179-186.

[25] Liang J, Dai W, Li Z, Liang X, Xiao M, Xie C and 
Li X. Evaluating the efficacy and microenviron-
ment changes of HER2 + gastric cancer during 
HLX02 and Endostar treatment using quanti-
tative MRI. BMC Cancer 2022; 22: 1033.


