Check for
updates

pISSN 1598-2998, elSSN 2005-9256

https://doi.org/10.4143/crt.2023.786

Original Article

Cancer Res Treat. 2024;56(2):513-521

Pyrotinib Combined with Vinorelbine in Patients with Previously Treated
HER2-Positive Metastatic Breast Cancer: A Multicenter, Single-Arm,

Prospective Study

Kuikui Jiang“®", Ruoxi Hong®’", Wen Xia“~", Qianyi Lw?, Liang Li, Jianhao Huang’, Yanxia Shi', Zhongyu Yuan', Qiufan Zheng', Xin An',
Cong Xue', Jiajia Huang', Xiwen Bi', Meiting Chen', Jingmin Zhang', Fei Xu‘®", Shusen Wang >
'Department of Medical Oncology, State Key Laboratory of Oncology in South China, Sun Yat-sen University Cancer Center, Guangzhou, *Department

of Radiology, State Key Laboratory of Oncology in South China, Sun Yat-sen University Cancer Center, Guangzhou, *Department of Medical Oncology,
Meizhou People’s Hospital (Huangtang Hospital), Meizhou, *Department of Oncology Surgery, Shantou Central Hospital, Shantou, China

Purpose This study aims to evaluate the efficacy and safety of a new combination treatment of vinorelbine and pyrotinib in human
epidermal growth factor receptor 2 (HER2)-positive metastatic breast cancer (MBC) and provide higher level evidence for clinical
practice.

Materials and Methods This was a prospective, single-arm, phase 2 trial conducted at three institutions in China. Patients with
HER2-positive MBC, who had previously been treated with trastuzumab plus a taxane or trastuzumab plus pertuzumab combined
with a chemotherapeutic agent, were enrolled between March 2020 and December 2021. All patients received pyrotinib 400 mg
orally once daily plus vinorelbine 25 mg/m? intravenously or 60-80 mg/m? orally on day 1 and day 8 of 21-day cycle. The primary end-
point was progression-free survival (PFS), and the secondary endpoints included the objective response rate (ORR), disease control
rate (DCR), overall survival, and safety.

Results A total of 39 patients were enrolled. All patients had been pretreated with trastuzumab and 23.1% (n=9) of them had
accepted trastuzumab plus pertuzumab. The median follow-up time was 16.3 months (95% confidence interval [Cl], 5.3 to 27.2), and
the median PFS was 6.4 months (95% Cl, 4.0 to 8.8). The ORR was 43.6% (95% Cl, 27.8% to 60.4%) and the DCR was 84.6% (95%
Cl, 69.5% to 94.1%). The median PFS of patients with versus without prior pertuzumab treatment was 4.6 and 8.3 months (p=0.017).
The most common grade 3/4 adverse events were diarrhea (28.2%), neutrophil count decreased (15.4%), white blood cell count
decreased (7.7%), vomiting (5.1%), and anemia (2.6%).

Conclusion Pyrotinib plus vinorelbine showed promising efficacy and tolerable toxicity as second-line treatment in patients with

HER2-positive MBC.
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Introduction

Breast cancer has risen to the top spot for the most com-
monly diagnosed tumor type, with an estimated 2.3 million
new cases (11.7%) [1]. Approximately 15%-20% of patients
with breast cancer have amplification of the human epi-
dermal growth factor receptor 2 (HER2) expression. HER2-
positive breast cancer exhibits aggressive behavior and poor
prognosis [2,3]. The booming development of anti-HER2
agents including trastuzumab, pertuzumab, ado-trastuzum-
ab emtansine (T-DM1), fam-trastuzumab deruxtecan (DS-
8201), lapatinib, and neratinib, have significantly improved

the outcome of patients with HER2-positive breast cancer
[4-9].

For second-line treatment of HER2-positive metastatic
breast cancer (MBC) patients, the preferred regimen is tras-
tuzumab deruxtecan [7], which is recommended by interna-
tional guidelines. However, trastuzumab deruxtecan is not
approved for use in some countries including China. There-
fore, pyrotinib plus capecitabine, T-DM1, neratinib plus
capecitabine, lapatinib plus capecitabine, and other regimens
are recommended in the second-line setting.

Pyrotinib is an irreversible tyrosine kinase inhibitor (TKI)
targeting epidermal growth factor receptor (EGFR), HER2,
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and HER4, which has shown clinically meaningful efficacy
and acceptable tolerability when combined with capecitabine
in previous trials [10-14]. However, alternative chemothera-
pies as combination partners are always required in clinical
practice. Vinca alkaloid vinorelbine is an important chemo-
therapy agent for patients with MBC, reflecting a synergistic
effect with trastuzumab in breast cancer cells and non-infe-
rior efficacy compared to taxanes when in combination with
trastuzumab in clinical trials [15-17]. Previous retrospective
studies have exhibited promising effects of pyrotinib plus
vinorelbine with a median progression-free survival (PFS) of
7.8 months and an objective response rate (ORR) of 34.3%
and the superior efficacy of pyrotinib plus vinorelbine over
lapatinib plus capecitabine in HER2-positive MBC patients
pretreated with trastuzumab and taxane [18,19]. A retrospec-
tive, multicenter real-world study, which enrolled 172 HER2-
positive MBC patients treated with pyrotinib-based therapy,
demonstrated that vinorelbine plus pyrotinib provided simi-
lar median PFS as capecitabine plus pyrotinib [20]. Besides,
vinorelbine has both oral and intravenous administration
patterns and different toxicity profiles from capecitabine.
Therefore, vinorelbine might be a good alternative combina-
tion option with pyrotinib. However, the efficacy and safety
of vinorelbine in combination with pyrotinib are not investi-
gated so far in prospective trials. Herein, we conducted this
multicenter, prospective study to evaluate the efficacy and
safety of vinorelbine plus pyrotinib and provide higher level
evidence for clinical practice.

Materials and Methods

1. Study design and patients

This was a prospective, multicenter, single-arm study
(ClinicalTrials.gov ID: NCT04605575) recruiting patients
from Sun Yat-sen University Cancer Center, Meizhou Peo-
ple’s Hospital, and Shantou Central Hospital from March
2020 to December 2021. This study strictly followed the Dec-
laration of Helsinki and Good Clinical Practice guidelines.
All the patients provided written informed consent. The
study was approved by the relevant institutional review
board or ethics committee of each study center.

Major inclusion criteria were as follows: (1) age 18-70 years;
(2) histologically confirmed HER2-positive (immunohisto-
chemistry 3+ or fluorescence in situ hybridization showing
HER?2 gene amplification, according to the 2018 American
Society of Clinical Oncology—College of American Patholo-
gists guidelines [21]) relapsed or metastatic breast cancer;
(3) progression during a taxane and trastuzumab treat-
ment in adjuvant or neoadjuvant setting or within 6 months
after treatment of early-stage disease or progression with the
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first-line trastuzumab-containing therapy. Patients who had
previously used chemotherapy plus trastuzumab and per-
tuzumab in the first-line setting with no progression by the
first response evaluation (end of 2-3 cycles) will be allowed;
(4) at least one measurable lesion according to the Response
Evaluation Criteria in Solid Tumors (RECIST) ver. 1.1 or
bone-only metastasis; (5) Baseline laboratory tests required
to assess eligibility were absolute neutrophil count, platelet
count, hemoglobin, total bilirubin, alanine aminotransferase,
aspartate aminotransferase, blood urea nitrogen, serum cre-
atinine, creatinine clearance, left ventricular ejection fraction,
and Fridericia-corrected QT interval; (6) Eastern Cooperative
Oncology Group (ECOG) performance status of 0 (asympto-
matic) or 1 (restricted in strenuous activity but ambulatory
and able to do light work).

Key exclusion criteria were as follows: (1) prior treatment
with any TKI targeting HER2; (2) previous treatment with
pertuzumab in the neoadjuvant or adjuvant setting; (3)
symptomatic central nervous system metastases; (4) current
severe, uncontrolled systemic disease (for example, clinically
significant cardiovascular, pulmonary, or metabolic disease);
(5) presence of conditions that could affect gastrointestinal
absorption.

2. Procedures

Continuous oral pyrotinib 400 mg once daily plus oral
vinorelbine 80 mg/m? (following a first cycle at 60 mg/m?) or
intravenous vinorelbine 25 mg/m? on day 1 and day 8 of the
21-day cycle were administered until disease progression,
unacceptable toxicity, death, consent withdrawal or investi-
gator decision. Dose reductions and interruptions owing to
adverse events were defined in the protocol. For pyrotinib,
dose reductions were permitted stepwise from 400 mg to 320
mg to 240 mg. The dose of orally taken vinorelbine was per-
mitted to be reduced stepwise by 25%. Vinorelbine injection
dosage was allowed to be decreased at the first time to 50%
and the second time to 25% of the original daily dose. Guide-
lines for primary prophylaxis and treatment of diarrhea and
vomiting are available in the protocol.

3. Assessments

Tumor assessments were performed at baseline and eve-
ry two cycles thereafter until disease progression by high-
resolution contrast-enhanced computed tomography or
magnetic resonance imaging; an additional assessment was
required after progression. Complete or partial responses
were confirmed by repeated assessment at least 4 weeks later
(at the next tumor assessment). Blood routine examination
was done at baseline, every week for the first two cycles,
and subsequently every cycle. Other laboratory assessments,
12-lead electrocardiograms, and vital signs were performed
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Fig. 1. Trial profile.

at baseline and every cycle thereafter. The left ventricular
ejection fraction was measured by means of echocardiogra-
phy every 12 weeks. Adverse events (AEs) were monitored
continuously and graded according to the National Cancer
Institute’s Common Terminology Criteria for Adverse Events
(CTCAE), ver. 5.0.

4. Outcomes

The primary endpoint was progression-free survival,
which was defined as the time from treatment initiation to
first documented radiographic progression or death from
any cause. Secondary endpoints were ORR (the proportion
of patients with a best overall response of complete or par-
tial response), disease control rate (the proportion of patients
with a best overall response of complete response, partial
response, or stable disease), overall survival (the time from
treatment initiation to death from any cause), and safety.

5. Statistical analysis

This trial is an exploratory study, no formal hypothesis
testing was performed and results regarding all endpoints
were presented descriptively. The full analysis set and safety
analysis set were defined as all enrolled participants who
received at least one dose of study drugs. The primary and
secondary endpoints were assessed in the full analysis set.
A safety analysis was performed in the safety analysis set.
PFS was analyzed with the Kaplan-Meier method. We cal-
culated the proportion of patients who achieved an objective
response and estimated a 95% confidence interval (CI) using
the Clopper-Pearson method. PFS according to pertuzumab
exposure was estimated using the Kaplan-Meier method and
compared by the log-rank test. AEs by the proportion of the
total number of the safety set were summarized. All tests
were two-sided, and p < 0.05 was considered statistically sig-
nificant. All statistical tests were performed using the SPSS
ver. 24.0 (IBM Corp., Armonk, NY).

Table 1. Baseline demographic and clinical characteristics of the
patients

Age (yr)
Median (range) 52 (30-70)
ECOG performance status?
0 13 (33.3)
1 26 (66.7)
Hormone receptor status
Positive 22 (56.4)
Negative 17 (43.6)
Metastatic sites at screening
Visceral 23 (59.0)
Non-visceral 16 (41.0)
Measurable lesions 33 (84.6)
Prior HER2-targeted therapy
Trastuzumab 39 (100)
Pertuzumab 9(23.1)
T-DM1 1(2.6)
Resistance to previous trastuzumab®
Yes 15 (38.5)
No 24 (61.5)
Prior trastuzumab treatment
For early breast cancer only 15 (38.5)
For metastatic breast cancer only 19 (48.7)
For both early breast cancer and 5(12.8)
metastatic breast cancer
Prior pertuzumab treatment
For early breast cancer only 3(7.7)
For metastatic breast cancer only 6 (15.4)
For both early breast cancer and 0
metastatic breast cancer
Prior systemic therapy
Anthracycline 23 (59.0)
Taxanes 18 (46.2)
Other chemotherapy 17 (43.6)
Endocrine therapy 15 (38.5)
Prior chemotherapy regimens for
locally advanced or metastatic disease
0 16 (41.0)
1 23 (59.0)

HER?2, human epidermal growth factor receptor 2. YAn Eastern
Cooperative Oncology Group (ECOG) performance status of
0 indicates that the patient is asymptomatic, and a status of 1
indicates that the patient is restricted in strenuous activity but
ambulatory and able to do light work, "Resistance to trastu-
zumab was defined as relapse during or within 6 months after
adjuvant trastuzumab or progression within 3 months of trastu-
zumab treatment for metastatic disease.
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Fig. 2. Progression-free survival. CI, confidence interval.

Results

1. Patient Characteristics

Between March 2020 and December 2021, a total of 39
HER2-positive MBC patients who had previously received
trastuzumab or trastuzumab combined with pertuzumab in
three institutions across China were enrolled in this prospec-
tive, single-arm study (Fig. 1). The median follow-up was
16.3 months (95% CI, 5.3 to 27.2). The median patient age
was 52 years (range, 30 to 70 years). ECOG performance sta-
tus was 0 in 13 patients (33.3%) and 1 in 26 patients (66.7%).
Twenty-two patients (56.4%) had hormone receptor-positive
disease, 23 (59.0%) had visceral metastasis, and 33 partici-
pants (84.6%) had measurable lesions. Prior HER2-targeted
therapy included trastuzumab (n=39), pertuzumab (n=9),
and T-DM1 (n=1). Fifteen patients (38.5%) were trastuzum-
ab-resistant which was defined as relapse during or within 6
months after adjuvant trastuzumab or progression within 3
months of trastuzumab treatment for metastatic disease. Pri-
or systemic therapies included anthracycline (n=23), taxanes
(n=18), other chemotherapy (n=17), and endocrine therapy
(n=15). Sixteen participants (41.0%) never received chemo-
therapy and 23 (59.0%) had received one chemotherapy regi-
men for locally advanced or metastatic disease. The charac-
teristics of patients are summarized in Table 1.

2. Efficacy

The median PFS was 6.4 months (95% CI, 4.0 to 8.8) (Fig. 2).
The proportion of patients who achieved complete response
or partial response was 17 of 39, hence the ORR was 43.6%
(95% CI, 27.8% to 60.4%). Sixteen patients achieved stable
disease, thus the disease control rate (DCR) was 84.6% (95%
CI, 69.5% to 94.1%) (Table 2). As shown in Fig. 3, 27 of the 33
participants (81.8%) who had an evaluable tumor assessment
obtained some degree of tumor shrinkage. At 12 months of
follow-up, the PES rate was 28.3% (95% CI, 15.1% to 52.7%).
The PFS of patients with versus without prior pertuzumab
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Table 2. Efficacy outcomes

Efficacy outcome No. (%) (n=39)

Best overall response

CR 1(2.6)

PR 16 (41.0)

SD 16 (41.0)

PD 6(15.4)
ORR

No. 17

Median (95% CI) (%) 43.6 (27.8-60.4)
DCR

No. B8

Median (95% CI) (%)
PFS (mo), median (95% CI)
PFS at 12 months of follow-up (%),
median (95% CI)

84.6 (69.5-94.1)
6.4 (4.0-8.8)
283 (15.1-52.7)

Values are presented as number (%) unless otherwise indicated.
CI, confidence interval; CR, complete response; DCR, disease
control rate; ORR, objective response rate; PD, progression dis-
ease; PFS, progression-free survival; PR, partial response; SD,
stable disease.

60 4 = Progression disease
= Stable disease
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—20 1
—40 4
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—80 1
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Patient

Fig. 3. Tumor response assessment with waterfall plot (n=33).

exposure was 4.6 vs. 8.3 months (p=0.017) (Fig. 4). Only one
death (2.6%) had occurred by the data cutoff on December 31,
2021, due to tumor progression and the OS data was imma-
ture. In this study, 30 patients were treated with oral vinorel-
bine combined with pyrotinib, and nine patients received
intravenous vinorelbine combined with pyrotinib. The ORR,
DCR, and median PFS of patients in these two groups are
shown in Table 3. It's indicated that the data of efficacy in
oral or intravenous vinorelbine groups was similar, and there
is no statistically significant difference in PFS between the
two groups (p=0.326) (Fig. 5).
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Fig. 4. Kaplan-Meier plot for progression-free survival of patie-
nts with or without prior pertuzumab exposure.

3. Safety

AEs that occurred in all 39 participants are listed in Table
4. Diarrhea (89.7%) occurred most frequently, followed by
vomiting (48.7%), anemia (38.5%), white blood cell count
decreased (30.8%), neutrophil count decreased (28.2%), ala-
nine aminotransferase increased (28.2%), and aspartate ami-
notransferase increased (28.2%). The most common grade 3
or 4 AEs were diarrhea (28.2%), neutrophil count decreased
(15.4%), white blood cell count decreased (7.7%), vomiting
(5.1%), and anemia (2.6%). Two patients (5.1%) developed
grade 4 neutrophil count decreased, but no febrile neutro-
penia was reported. There was no treatment-related death
during the trial. Dose interruption occurred in seven patients
(17.9%) and seven patients (17.9%) had dosage reduction
because of AEs. Two patients (5.1%) withdrew from the study
due to grade 3 diarrhea. As shown in Table 5, diarrhea was
the most common side effect in both oral and intravenous
vinorelbine groups (86.7% vs. 88.9%). The incidence of bone

Efficacy outcomes

Best overall response

Oral vinorelbine (n=30)

marrow suppression with oral vinorelbine plus pyrotinib
was lower than that of the intravenous vinorelbine group,
including white blood cell count decreased (23.3% vs. 77.8%),
neutrophil count decreased (13.3% vs. 77.8%), and anemia
(33.3% vs. 55.6%). The gastrointestinal reactions were more
common in the oral vinorelbine group compared with the
intravenous vinorelbine group, such as vomiting (70.0% vs.
11.1%) and nausea (23.3% vs. 11.1%).

Discussion

In the past several decades, there has been alack of effective
treatment for pretreated HER2-positive MBC. In the EMILIA
phase III study, T-DM1 beat lapatinib plus capecitabine with
a prolonged PFS (median, 9.6 months vs. 6.4 months) and an
increased ORR (43.6% vs. 30.8%) [6]. Therefore, T-DM1 was
once the recommended therapy for patients whose disease
progresses after pertuzumab and trastuzumab in combina-
tion with a taxane. Afterwards, the DESTINY-Breast03 trial
enrolled HER2-positive MBC patients previously treated
with trastuzumab and a taxane to receive DS-8201 or T-DM1
randomly. At 12 months, the percentage of patients who still
live without disease progression was 75.8% in the DS-8201
group, which significantly improved in comparison to 34.1%
in the T-DM1 group (p < 0.001). An overall response occurred
in 79.7% of the patients who accepted DS-8201 and in 34.2%
of those who received T-DM1 [7]. Based on the result of the
above study, DS-8201 is recommended as the standard treat-
ment in the second-line setting by National Comprehensive
Cancer Network (NCCN) guidelines, but unfortunately,
DS-8201 is not yet on the market in China. According to
retrospective studies, pyrotinib combined with vinorelbine

Table 3. Efficacy outcomes of patients treated with oral or intravenous vinorelbine

Intravenous vinorelbine (n=9)

CR 0 1(11.11)

PR 11 (36.67) 5 (55.56)

SD 15 (50.00) 1(11.11)

PD 4(13.33) 2(22.22)
ORR (95% CI)

No. 1 6

Median (95% CI) (%) 36.67 (19.90-56.10) 66.67 (29.90-92.50)
DCR (95% CI)

No. 26 7

Median (95% CI) (%) 86.67 (69.30-96.20) 77.78 (40.00-97.20)
PFS, median (95% CI) (%) 8.3 (5.1-11.5) 5.5 (1.7-9.3)

Values are presented as number (%) unless otherwise indicated. CI, confidence interval; CR, complete response; DCR, disease control rate;
ORR, objective response rate; PD, progression disease; PFS, progression-free survival; PR, partial response; SD, stable disease.
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Fig. 5. Kaplan-Meier plot for progression-free survival of pati-
ents treated with oral or intravenous vinorelbine

showed promising effect with a median PFS of 7.8 months
with an ORR of 34.3%, which was similar to that of pyro-
tinib plus capecitabine and longer than that of lapatinib plus
capecitabine [18-20]. Thus, pyrotinib combined with chemo-
therapeutic agents are also recommended in the second-line
setting by the Chinese Society of Clinical Oncology (CSCO).
In our study, which is the first prospective study to evalu-
ate the efficacy and safety of pyrotinib plus vinorelbine in
second-line setting to the best of our knowledge, the median
PFS for patients with HER2-positive MBC was observed
to be 6.4 months, the ORR was 43.6% and the DCR was
84.6% for second-line pyrotinib plus vinorelbine treatment.
Approximately 82% of the participants with an evaluable
tumor assessment presented tumor shrinkage. Therefore,
pyrotinib combined with vinorelbine could offer an alter-
native treatment as a second-line treatment, to some extent.
However, the efficacy of pyrotinib plus vinorelbine in this

Table 4. Adverse events in the safety population

study was not as impressive as that of pyrotinib plus capecit-
abine reported in the PHOEBE and PHENIX phase III trials
with median PFSs of 12.5 months and 11.1 months and ORRs
of 67.2% and 68.6% [14,22]. There were some causes attrib-
uted to these unsatisfactory results. First of all, all patients
had accepted previous trastuzumab therapy and a portion
of patients had received prior pertuzumab or T-DM1 in this
study. In contrary, the PHOEBE trial and the PHENIX study
didn’t recruit any patient who was previously treated with
pertuzumab and T-DM1. Hence, we have recruited a relative
treatment refractory population. In China, pertuzumab and
T-DM1 have been approved these years and they are more
commonly prescribed as front-line therapy for HER2-posi-
tive breast cancer patients. As such, the characteristics of our
study population may be more closer to those of real-world
second-line patients and the results might provide avail-
able data for the treatment of general HER2-positive MBC
patients in settings outside clinical trials. In addition, the
chemotherapeutic agent in combination with pyrotinib was
vinorelbine instead of capecitabine in our study, which may
lead to the difference of the efficacy data.

As mentioned above, the PHOEBE study and the PHENIX
trial both excluded patients with previous pertuzumab treat-
ment. In the current study, we recruited nine patients (23.1%)
who had received pertuzumab and found that the PFS of
patients without prior pertuzumab exposure was signifi-
cantly longer than that of patients who have received per-
tuzumab (8.3 vs. 4.6 months, p=0.017). This study not only
provided data of second-line therapeutic effect of pyrotinib-
containing regimens after pertuzumab treatment, but also
indicated that previous pertuzumab exposure may affect
the effectiveness of pyrotinib. The potential mechanisms of

Adverse event Any grade Grade 3 Grade 4
Diarrhea 35 (89.7) 11 (28.2) 0
Vomiting 19 (48.7) 2(5.1) 0
Anemia 15 (38.5) 1(2.6) 0
White blood cell count decreased 12 (30.8) 3(7.7) 0
Neutrophil count decreased 11 (28.2) 4(10.3) 2(5.1)
Alanine aminotransferase increased 11 (28.2) 0 0
Aspartate aminotransferase increased 11 (28.2) 0 0
Nausea 7 (17.9) 0 0
Creatinine increased 7 (17.9) 0 0
Anorexia 5(12.8) 0 0
Dizziness 4(10.3) 0 0
Headache 4(10.3) 0 0
Peripheral sensory neuropathy 4(10.3) 0 0
Fatigue 4(10.3) 0 0

Values are presented as number (%).

518 CANCER RESEARCH AND TREATMENT



Kuikui Jiang, Pyrotinib Plus Vinorelbine in Breast Cancer

Table 5. Adverse events in patients treated with oral or intravenous vinorelbine

Oral vinorelbine (n=30)

Adverse event

Intravenous vinorelbine (n=9)

Any grade

Diarrhea 26 (86.7)
Vomiting 21 (70.0)
Anemia 10 (33.3)
White blood cell count decreased 7 (23.3)
Neutrophil count decreased 4(13.3)
Alanine aminotransferase increased 10 (33.3)
Aspartate aminotransferase increased 10 (33.3)
Nausea 7 (23.3)
Creatinine increased 7 (23.3)
Anorexia 4(13.3)
Dizziness 3(10.0)
Headache 2(6.7)

Peripheral sensory neuropathy 5(16.7)
Fatigue 6 (20.0)

Grade 3

8
2
0
1
1
0

S O O O O O o o

Grade 4 Any grade Grade 3 Grade 4

(26.7) 0 8 (88.9) 3(33.3) 0
(6.7) 0 1(1L1) 0 0
0 5 (55.6) 1(11.1) 0
(3.3) 0 7 (77.8) 2(22.2) 1(11.1)
(3.3) 0 7 (77.8) 3(33.3) 2(22.2)
0 1(11.1) 0 0
0 1(11.1) 0 0
0 1(11.1) 0 0
0 0 0 0
0 1(11.1) 0 0
0 1(11.1) 0 0
0 2(22.2) 0 0
0 2(22.2) 0 0
0 1(11.1) 0 0

Values are presented as number (%).

resistance to anti-HER2 antibodies including HER2 splicing,
alternative elevations of other receptor tyrosine kinases, and
intracellular alterations such as phosphoinositide 3-kinase
(PI3K) pathway-associated mutations, Fc-gamma receptor
polymorphisms, and so on [23-25]. In addition, pyrotinib
resistance may be associated with activation of PI3K/AKT
and mitogen-activated protein kinase signaling according to
previous study [26]. It's speculated that PI3K pathway, which
was the common pathway associated with pertuzumab and
pyrotinib resistance, may play a role in the shorter PFS of
pertuzumab-treated patients than that of pertuzumab-naive
patients. Experiments exploring the potential mechanism
and larger trials recruiting more pertuzumab-treated pati-
ents are required to verify this interesting finding.

The safety profile of pyrotinib plus vinorelbine in our
study was consistent with that reported in previous stud-
ies of pyrotinib-containing regimens [14,18,19,22]. Diarrhea
(89.7%) and vomiting (48.7%) were found to be the most
common AEs in the present trial. The primary prophylaxis
for diarrhea and vomiting were permitted and diarrhea
could be generally reversed with anti-diarrhea treatment,
dose interruption, or dose reduction. The incidences of
grade 3 diarrhea and vomiting were present in 28.2% and
5.1% of participants with no grade 4 diarrhea or vomiting
in the current study. Moreover, 10.3% and 7.7% of patients
experienced grade 3 or 4 neutropenia and leukopenia, res-
pectively. The incidence was higher than that reported in
previous retrospective studies of pyrotinib and vinorelbine
[18,19], where the AEs were underrated by cause of missing
data. Two patients (5.1%) presented grade 4 neutrophil count
decreased, but no febrile neutropenia were reported. All AEs

were effectively controlled and there were no treatment-
related death during the trial.

Interestingly, patients in our study used vinorelbine either
orally or intravenously. There was no significant difference
in the efficacy between the oral and intravenous vinorel-
bine groups. Although the absolute value of PES in the oral
group was higher than that in the intravenous group, there
was no significant difference. In terms of side effects, patients
received oral vinorelbine experienced more obvious gastro-
intestinal reactions, but had lower incidence of myelosup-
pression. It's suggested that doctors should pay more atten-
tion to the management of gastrointestinal reactions when
using double oral regimen. In addition, one of the most
important toxicities that clinicians are concerned about is
bone marrow suppression, as there is a risk of febrile neu-
tropenia, infection, and even septic shock. From this point
of view, the dual oral regimen with lower incidence of
myelosuppression has a safety advantage compared with
intravenous vinorelbine plus pyrotinib. In addition, given
that pyrotinib is an oral agent, oral vinorelbine can be a bet-
ter combination partner for patients because the oral regi-
men avoid phlebitis and the implantation of venous access,
which reduces the risk of venous access-related thrombosis
or infection. According to previous studies, pharmacokinetic
behavior and efficacy were similar for oral and intravenous
vinorelbine at therapeutic dosage levels [27-32]. Besides, a
survey on the acceptance of oral chemotherapy in breast can-
cer patients showed that 89% of patients who had previously
received oral chemotherapy tended to choose oral chemo-
therapy, but among the patients who were treated with intra-
venous chemotherapy, most patients (67%) would choose
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oral chemotherapy [33]. It's demonstrated that most breast
cancer patients were more inclined to choose oral chemo-
therapy when the treatment effect is equivalent. In addition,
compared with intravenous chemotherapy, oral chemother-
apy improve the quality of life of breast cancer patients, as
the physiological and psychological function of patients who
received oral chemotherapy tend to be normal [34].

Our study has several limitations. Firstly, due to the single-
arm design of the study, selection bias couldn’t be ruled out
without a comparator treatment arm. Secondly, the length of
follow-up was not long enough to obtain the overall survival
data. Furthermore, the sample size was too small to draw the
definitive efficacy and the safety profile. Nevertheless, the
present study had certain strengths. To our knowledge, this
is the first prospective clinical trial that provides evidence to
support the use of pyrotinib plus vinorelbine in HER2-posi-
tive MBC patients. Besides, we recruited patients with prior
pertuzumab and T-DM1 exposure, who were more closer to
real-world patients, providing a theoretical guidance for cli-
nicians.

Promising effects and tolerable toxicity of the combina-
tion therapy of pyrotinib and vinorelbine in the second-line
treatment of HER2-positive MBC patients with prior trastu-
zumab or trastuzumab plus pertuzumab were observed in
this multicenter, single-arm, prospective phase II trial. Since
this is a single-arm study with small sample size, additional
large-sample randomized controlled trials are required to
further exploit the potential of pyrotinib plus vinorelbine.
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