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Background: Our aim was to evaluate the efficacy and safety of inetetamab plus chemotherapy in the first-
line treatment of HER2-positive metastatic breast cancer.
Methods: A HOPES study was conducted on patients with HER2-positive metastatic breast cancer. 
Eligible patients were randomly divided into test group and control group at a 2:1 ratio. Among them, 
patients in test group received inetetamab plus vinorelbine. Concurrently, patients in the control group 
received vinorelbine. During the trial, safety evaluation was conducted every 4 weeks and efficacy evaluation 
was conducted every 8 weeks. As assessed by the Response Criteria Evaluation in Solid Tumors (RECIST) 
1.0 criteria, the primary endpoint was progression-free survival (PFS) and the secondary endpoints included 
objective response rate (ORR) and disease control rate (DCR). Safety was estimated according to the 
National Cancer Institute Common Toxicity Criteria (NCI-CTC) version 2.0. Efficacy and safety of the 
postoperative recurrent-metastases first-line subgroup in the HOPES registry study of inetetamab was 
analyzed and compared with previous clinical studies of trastuzumab in the first-line treatment of HER2-
positive metastatic breast cancer.
Results: In total, we included 315 patients. Among them, 114 patients in the postoperative recurrent-
metastases first-line subgroup were assigned to the full analysis set (FAS) (test group, 72; and control group, 42).  
The test group significantly prolonged median PFS (mPFS) (11.1 vs. 3.3 months of the control group; 
P<0.0001). ORR and DCR were remarkably higher than the control group (ORR, 61.5% vs. 29.7% with an 
increase of 31.8%, P=0.0224; DCR, 93.8% vs. 59.4% with an increase of 34.4%, P=0.0003). Efficacy and 
safety of postoperative recurrent-metastases first-line subgroup in the HOPES study was comparable to 
previous clinical studies of trastuzumab as first-line treatment of HER2-positive metastatic breast cancer.
Conclusions: Inetetamab has shown efficacy and safety equivalent to trastuzumab for patients in the first-
line treatment of postoperative recurrence-metastases HER2-positive breast cancer, which confirms its 
important status and potential as first-line treatment. Inetetamab provides more first-line targeted therapy 
options for patients with HER2-positive metastatic breast cancer.
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Introduction

Breast cancer is one of the most common malignant 
tumors, in which HER2-positive cancer accounts for 
approximately 20% (1). Targeted therapy has been one of 
the most important roles in HER2-positive breast cancer 
treatment (2). Trastuzumab-based treatment remains 
a standard protocol for first-line treatment of HER2-
positive breast cancer. In 2017, real-world research report 
published online in the Oncologist by the American Society 
for Translational Oncology evaluated actual use in China 
and effectiveness of trastuzumab. The results show that 
unreasonable allocation of medical resources causes that 
usage rate of trastuzumab varies greatly in different regions 
regardless of in resource rich regions or not. Although 
trastuzumab treatment prolongs patients survival time, 
the actual use of trastuzumab in the early stage of breast 
cancer may affect the treatment after metastasis. The 
real-world results provide an opportunity to consider 
the optimization schemes of anti-HER2 treatment after 
metastasis, especially in areas where expensive targeted 
drugs are difficult to obtain (3). Currently, Chinese clinical 
practice and guidelines have a distance from the latest 
international treatment. There is still a huge unmet need 
for treatment. Selection limitations and high cost of anti-
HER2 mAb still need to be further improved (4). On this 
account, the Chinese government encourages and supports 
independently-developed innovative drugs to resolve 
practice requirement of breast cancer patients.

Inetetamab is a monoclonal antibody binding to domain 
IV of HER2 receptor. The Fab domain of inistumab is 
identical with trastuzumab, but whose amino acid sequence 
at positions 359 (D359, aspartic acid) and 361 (L361, 
leucine) is different from trastuzumab [E359 (glutamate) 
and M361 (methionine), respectively] in the constant 
region of the heavy chain of the Fc domain. In vitro data 
in the development stage indicated that inetetamab and 
trastuzumab presented same binding activity, comparable 
affinity with HER2 antigen and identical key quality 
attributes including inhibitory activity against in vitro cancer 
cell proliferation, protein folding, thermal stability, etc.

The HOPES study is a multi-center prospective 

randomized phase III trial used to evaluate efficacy and 
safety of inetetamab plus vinorelbine in treating HER2-
positive metastatic breast cancer patients with previous 
taxanes therapy and no anti-HER2 treatment (5). The 
patients in the test group received inetetamab plus 
vinorelbine, whereas the patients in the control group 
received vinorelbine. The test results show that inetetamab 
combined with vinorelbine significantly prolongs 
progression-free survival (PFS) and possesses excellent 
safety, compared with vinorelbine alone. Hence, inetetamab 
has been clinically approved for HER2-positive terminal 
breast cancer in 2020 and subsequently incorporated in 
the guidelines of breast cancer diagnosis and treatment of 
Chinese society of clinical oncology and the clinical practice 
guidelines of Breast Cancer of Chinese Anti-Cancer 
Association (6,7).

However, not all the subjects included in the HOPES 
study were first-line treatment, including patients with 
first- to fourth-line treatment. There was still no direct 
data to evaluate the status and potential of inetetamab in 
the first-line treatment of HER2-positive metastatic breast 
cancer. Therefore, the article aims to analyze efficacy and 
safety of a subgroup of first-line postoperative recurrence-
metastases treatment in the HOPES study and compare 
previous clinical studies of trastuzumab combined with 
chemotherapy in the first-line treatment of HER2-positive 
metastatic breast cancer. And then efficacy and safety of 
inetetamab in the first-line treatment of HER2-positive 
metastatic breast cancer was investigated, providing more 
and better treatment options for Chinese breast cancer 
patients.

Methods

Trial design

This HOPES study was a randomized controlled, 
multicenter, prospective phase III clinical trial led by the 
Fifth Medical Center of Chinese PLA General Hospital 
along with 26 research centers across the country. Using 
centralized random grouping, the qualified patients were 
randomly assigned to the test group and the control group 
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at a ratio of 2:1.

Therapeutic methods

Drugs used in this trial were inetetamab for injection 
(Cipterbin®, 50 mg/bottle, Sunshine Guojian Pharmaceutical, 
batch number: 20081201, 20090601) and vinorelbine 
bitartrate injection (Navelbine®, 10 mg/bottle, Pierre Fabre 
Pharmaceuticals, batch number: 2AQ1083, 2AQ1086, 
2AQ1087). Patients in test group received intravenous 
Cipterbin infused at a 4 mg/kg initial dose and then at a 
2 mg/kg maintenance dose once per week, and combined 
with 25 mg/m2 of intravenous vinorelbine infused on day 
1, 8, 15 of every 28 days, until unacceptable progression 
of disease. If the patients in the test group developed 
chemotherapy toxicity intolerance, treatment continued 
intravenous Cipterbin infused at an 8 mg/kg initial dose and 
then at a 6 mg/kg maintenance dose once per 3 weeks, until 
disease progression. Patients in the control group received 
25 mg/m2 of intravenous vinorelbine infused on day 1, 8, 
15 of every 28 days until unacceptable disease progression 
or chemotherapy toxicity intolerance. After that, treatment 
continued intravenous Cipterbin infused at an 8 mg/kg 

initial dose and then at a 6 mg/kg maintenance dose once 
per 3 weeks, until disease progression.

Patients

Eligible patients were randomly assigned to test group and 
control group with a 2:1 ratio. Inclusion criteria were as 
follows: (I) aged 18–70 years; (II) histologically diagnosis of 
advanced breast cancer; (III) a centrally confirmed HER2-
positive status; (IV) clear measurable lesions as defined by the 
Response Evaluation Criteria in Solid Tumors (RECIST); 
(V) patients with central nervous system metastases during 
stable period were permitted to enrolled; (VI) previously 
untreated recurrence-metastases breast cancer.

Trial endpoints

The primary endpoint was PFS defined as the time from 
first medication to first recorded tumors progression or 
death from any cause.

The secondary endpoints included objective response 
rate (ORR) and disease control rate (DCR). ORR was 
defined as percentage of participants with complete 
response (CR) and partial response (PR). DCR was defined 
as percentage of participants with CR, PR and stable disease 

(SD). Safety was estimated according to the National 
Cancer Institute Common Toxicity Criteria (NCI-CTC 
version 2.0), including adverse events (AE), serious AEs 
(SAE) and cardiotoxicity.

Follow-up

During the trial, the patients received regular vital signs, 
physical examination and related laboratory tests. Safety 
evaluation was conducted every 4 weeks and efficacy 
evaluation was conducted every 8 weeks. After the patients 
in the test group or the control group received Cipterbin 
alone, safety and efficacy were evaluated every 6 weeks.

Statistical methods

The sample size of the HOPES study is determined 
directly according to the regulation, not calculated based 
on statistical assumptions. According to the requirements 
of Drug Registration Regulation for clinical trial validation, 
the number of cases should be at least 100 pairs. This 
HOPES trial included 330 patients (test group, 220; and 
control group, 110), which complied with the regulatory 
requirements. In this study, we analyzed efficacy and safety 
of the subgroups in the HOPES study that meet the first-
line treatment of postoperative recurrence-metastases.

Statistical analysis was carried out using SPSS 19.0. 
Kaplan-Meier method was used to estimate the survival 
curve. The log-rank test was used to compare median PFS 
(mPFS) between groups, among them P<0.05 indicated 
that mPFS of test group was superior to that of control 
group. Cochran Mantel Haenszel (CMH) test was used 
to compare ORR and DCR between groups with the use 
of chi-square statistic by controlling the central effect. 
Clopper-Pearson method was used to calculate 95% 
CI of ORR and DCR. Normal approximation method 
was used to compute 95% CI of the ORR and DCR 
difference between groups. Descriptive statistical analysis 
was conducted for the data of safety (including AE) and 
laboratory. Fisher’s exact test was used for subgroup 
comparisons. P values <0.05 were considered statistically 
significant.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by National Medical Products Administration 
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(No. 2004L02352) and ethics board of the Fifth Medical 
Center of Chinese PLA General Hospital (No. 2009-03-10).  
Informed consent was obtained from all individual 
participants included in the study.

Results

We screened patients’ data for meeting the first-line 
treatment in postoperative recurrence-metastases breast 
cancer in the subgroup of the HOPES registration study. 
341 patients were randomly assigned and 315 patients 
were included in the full analysis set (FAS). Among them, 
132 patients were eligible for the first-line treatment of 
postoperative recurrence-metastases: 114 patients included 
in the FAS (test group, 72; and control group, 42) and 
126 patients included in the safety analysis set (SS) (test 
group, 81; and control group, 45) (Figure 1). Baseline 
characteristics of 114 subgroup patients with the first-line 
treatment was listed in Table 1. The baseline data of the test 

group and the control group were consistent, illustrating no 
statistical significance between groups (P>0.05).

As shown in Figure 2, the first-line PFS of patients who 
received inetetamab treatment [11.1 months; 95% CI: 
8.25–not estimable (NE)] was significantly superior to 
vinorelbine control group (3.3 months; 95% CI: 2.00–5.98; 
P<0.0001), the second-line and beyond PFS of patients 
who received inetetamab treatment (7.4 months; 95% CI: 
5.72–9.72) was significantly superior to vinorelbine control 
group (2.8 months; 95% CI: 1.84–4.37, P<0.0001). Among 
them, the first-line PFS of patients with visceral metastases 
(11.1 months; 95% CI: 7.49–16.00) exceeded obviously the 
control group (3.3 months; 95% CI: 1.91–7.29; P<0.0001). 
Especially the first-line PFS of patients with liver metastases 
(10.1 months; 95% CI: 6.93–NE) exceeded obviously the 
control group (1.9 months; 95% CI: 1.71–3.25; P<0.0001). 
Then the first-line PFS of patients with non-liver metastases 
(11.5 months; 95% CI: 8.25–NE) was much longer than the 
control group (6.0 months; 95% CI: 3.02–7.29; P=0.0048) 

HER2-positive metastatic breast cancer after taxane treatment but 
previously untreated with anti-HER2 drugs

(a) 114 first-line patients with postoperative recurrence-metastasis
• 72 cases in the test group
• 42 cases in the control group

(b) Other patients

Signing informed consent  
Assessed for eligibility

Randomly assigned 
N=341 

315 included in the FAS

Treatment until disease progression, 
intolerance and adverse reactions

Test group 
inetetamab plus vinorelbine 

N=212

Control group 
vinorelbine alone 

N=103

(a)

(b)

(a)

(b)

Figure 1 Trial profile. FAS, full analysis set.
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Table 1 First-line treatment subgroup baseline characteristics

Characteristics Inetetamab plus vinorelbine group (n=72) Vinorelbine control group (n=42) P

Gender, n (%) 0.5305

Male 2 (2.8) 0

Female 70 (97.2) 42 (100.0)

Age (years), mean [range] 50 [24–68] 48.5 [30–69] 0.8867

KPS score, mean [range] 90 [70–100] 90 [60–100] 0.5283

HER2 status, n (%) 0.3774

IHC (+++) 53 (73.6) 36 (85.7)

IHC (++), FISH (+) 5 (6.9) 2 (4.8)

IHC (+), FISH (+) 3 (4.2) 0

Only FISH (+) 11 (15.3) 4 (9.5)

Hormone receptor status, n (%) 0.4774

ER and/or PR positive 26 (36.1) 18 (42.9)

ER and PR negative 46 (63.9) 24 (57.1)

Lymph node metastases, n (%) 0.6229

0 18 (25.0) 9 (21.4)

1–3 16 (22.2) 12 (28.6)

≥4 37 (51.4) 19 (45.2)

Others 1 (1.4) 1 (2.4)

Missing 0 1 (2.4)

Location of metastases, n (%) –

Liver 30 (41.7) 15 (35.7)

Lung 29 (40.3) 17 (40.5)

Bone 15 (20.8) 10 (23.8)

Lymph node 57 (79.2) 34 (81.0)

Others 10 (13.9) 3 (7.1)

Missing 1 (1.4) 0

Disease-free survival, n (%) 0.5273

≤2 years 49 (70.0) 25 (64.1)

>2 years 21 (30.0) 14 (35.9)

Treated previously with anthracyclines, n (%) 1.0000

Yes 64 (88.9) 34 (85.0)

No 8 (11.1) 6 (15.0)

KPS, Karnofsky performance status; IHC, immunohistochemistry; FISH, fluorescence in situ hybridization; ER, estrogen receptor; PR, 
progesterone receptor.
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(Figure 3).
As listed in Table 2 ,  ORR of the test group was 

remarkably superior to the control group (61.5% vs. 29.7%; 
P=0.0224). Furthermore, 93.9% patients of the test group 
received disease control in the first-line treatment, also 
significantly higher than the control group (P=0.0003). 
ORR of the test group was remarkably superior to the 
control group (47.6% vs. 17.8%; P=0.0008). Furthermore, 
87.1% patients of the test group received disease control in 
the second-line and beyond treatment, significantly higher 
than the control group (55.6%) (P=0.0002).

The adverse reactions in all enrolled patients were mostly 
hematologic and gastrointestinal toxicity (Table 3). The 
most common adverse reactions of inetetamab were decline 
of white blood cell count, whose incidence rate was 91.4% 
exceeding the control group (P=0.0309). The inetetamab-
related adverse reactions were mainly infusion-related fever 
and rigors, which were mostly grade 1 to 2 mild AEs. Safety 
was consistent with overall results of the HOPES study.

Discussion

The HOPES study was designed in 2009 for overcoming 
the dilemma that trastuzumab was unreachable due to 
expensive cost in China (3,8). Subsequently trastuzumab 
and pertuzumab were approved for marketing in China 
and included into medical insurance, which solved the 
accessibility difficulties of Chinese people. However, 
inetetamab still can play an important role in special 
populations. These results in this study showed that mPFS 

of inetetamab in the first-line treatment was 11.1 months 
significantly longer than the control group. And patients 
with liver metastases might have better PFS benefit from 
inetetamab plus vinorelbine treatment. Inetetamab (clinical 
benefit rate >90%) had comparable anticancer efficacy with 
other historical data of trastuzumab, and was incapable to 
significantly increase the adverse reactions compared with 
the control group.

Antibody-dependent cell-mediated cytotoxicity (ADCC) 
is one of important mechanism of action of targeted 
monoclonal antibody (9). For instance, margetuximab is a 
Fc-modified anti-HER2 mAb, which has improved ADCC 
effect (10). The SOPHIA trial showed that margetuximab 
plus chemotherapy improved mPFS over trastuzumab (5.8 
vs. 4.9 months) (11). Hence, the enhancement of ADCC 
can contribute to survival benefits. The Fab domain of 
inistumab is identical with trastuzumab, but whose amino 
acid sequence at positions 359 and 361 is different from 
trastuzumab in the constant region of the heavy chain of 
the Fc domain. The ADCC effect of Fc-modified inistumab 
is 1.11 times that of trastuzumab, which is one of the main 
reasons why inistumab shows an antitumor effect.

We analyzed efficacy of the subgroups in the HOPES 
study that meet the first-line treatment of postoperative 
recurrence-metastases. It turned out that inistumab 
plus vinorelbine significantly prolonged mPFS of first-
line patients with postoperative recurrence-metastases, 
compared with vinorelbine alone. ORR and DCR of the 
test group also improved significantly, reaching statistical 
difference. In the registration study H0648g for the first-
line treatment of HER2 metastatic breast cancer, the 
time to disease progression (TTP) of trastuzumab plus 
chemotherapy was 7.4 months and ORR was 50% (12). 
The M77001 study showed that TTP of trastuzumab plus 
docetaxel for treating the first-line patients was 11.7 months 
and effective rate was 61% (13). Furthermore, clinical trial 
of trastuzumab combined with vinorelbine in the first-
line treatment of HER2-positive metastatic breast cancer 
demonstrated that TTP was 8.5–15.3 months and ORR 
was 51–59.3% (14). The HERNATA study showed that 
median TTP of trastuzumab plus vinorelbine in the first-
line treatment was 15.3 months higher than other studies, 
which might be related to excluding patients with brain 
metastases (15). Efficacy of inetetamab was as close as the 
contemporaneous studies of trastuzumab in the first-line 
anti-HER2 treatment, showing the role of inetetamab in 
first-line treatment (16). This study displayed that the PFS 
of the first-line subgroup was superior to the test group in 
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the HOPES study (11.1 vs. 9.1 months), which indicated 
that the different lines of chemotherapy treatment could 
affect the efficacy of anti-HER2 treatment to some extent. 
For the above-mentioned reasons, anti-HER2 treatment 
should be started as early as possible. Efficacy analyses 
for PFS in subgroups revealed that the patients with liver 

metastases might have better PFS benefit from inetetamab, 
which further hinted the dominant treatment population of 
inetetamab.

Safety of the first-line treatment was consistent with the 
HOPES study that vinorelbine plus inetetamab in the first-
line treatment of patients with postoperative recurrence-
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Table 2 Summary of efficacy between first-line treatment arms

Outcomes Inetetamab plus vinorelbine group Vinorelbine control group P

CR, n (%) 5 (7.7) 1 (2.7) –

PR, n (%) 35 (53.8) 10 (27.0) –

SD, n (%) 21 (32.3) 11 (29.7) –

PD, n (%) 4 (6.2) 15 (40.5) –

ORR (%) (95% CI) 61.54 (48.64, 73.35) 29.73 (15.87, 46.98) 0.0224

DCR (%) (95% CI) 93.85 (84.99, 98.30) 59.46 (42.10, 75.25) 0.0003

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease 
control rate.
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metastases did not significantly increase serious toxicity. 
Compared with the previous safety study of trastuzumab in 
the first-line treatment of HER2-positive metastatic breast 
cancer, it was not found that the first-line subgroup of the 
HOPES study for postoperative recurrence-metastases could 
cause new signals and forms of AEs. Meanwhile there were no 
significant change in grades and incidences of AEs, showing 
that inetetamab and trastuzumab are equivalently safe.

There remain several following defects in this study. 
Firstly, the control group was treated with chemotherapy 
alone. Although inetetamab showed good anticancer 
efficacy, whether it could benefit more than trastuzumab 
needs further research. Secondly, with regard to a subgroup 

analysis, a relatively small number of patients involved in 
this subgroup that it was impossible to obtain more rigorous 
conclusions. We will explore the real effect of inetetamab in 
first-line treatment through following real-world research.

Conclusions

Efficacy and safety of a subgroup of first-line postoperative 
recurrence-metastases treatment in the HOPES study are 
comparable to previous clinical studies of trastuzumab 
in the first-line treatment of HER2-positive advanced 
breast cancer. Inetetamab has demonstrated outstanding 
efficacy and safety, providing more options for the first-line 

Table 3 Incidence of adverse reactions (% of patients)

Adverse reaction Inetetamab plus vinorelbine group (n=81), n (%) Vinorelbine control group (n=45), n (%) P

Hematologic toxicity 78 (96.3) 39 (86.7) 0.0681

White blood cell count decreased 74 (91.4) 34 (75.6) 0.0309

Neutrophil count decreased 70 (86.4) 33 (73.3) 0.0918

Anemia 22 (27.2) 7 (15.6) 0.1857

Platelet count decreased 8 (9.9) 3 (6.7) 0.7450

RBC decreased 3 (3.7) 2 (4.4) 1.0000

Neutropenia 0 1 (2.2) 0.3571

Non-hematologic toxicity 42 (51.9) 13 (28.9) 0.0152

Fever 23 (28.4) 2 (4.4) 0.0009

Asthenia 17 (21.0) 6 (13.3) 0.3424

Nausea 7 (8.6) 4 (8.9) 1.0000

Vomiting 5 (6.2) 3 (6.7) 1.0000

Pain 6 (7.4) 0 0.0876

Rigors 10 (12.3) 0 0.0138

Diarrhea 4 (4.9) 1 (2.2) 0.6541

Infusion related reaction 2 (2.5) 0 0.5371

Tachypnoea 1 (1.2) 0 1.0000

Temperature elevation 1 (1.2) 0 1.0000

Peripheral edema 1 (1.2) 0 1.0000

Adverse reactions of cardiac 2 (2.5) 2 (4.4) 0.6164

Myocardial ischemia 1 (1.2) 1 (1.2) 1.0000

Palpitations 1 (1.2) 0 1.0000

Arrhythmia 0 1 (2.2) 0.3571

RBC, red blood cell.
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treatment of HER2-positive patients.
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