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Abstract

Purpose We conducted a single-arm prospective phase II trial to evaluate the efficacy and safety of oral metronomic vinorel-
bine combined with trastuzumab (mNH) in human epidermal growth factor receptor 2-positive (HER2-positive) metastatic
breast cancer (MBC) patients.

Methods HER2-positive MBC patients received oral vinorelbine 40 mg thrice a week and trastuzumab (loading dose of
8 mg/kg, followed by 6 mg/kg every 3 weeks) until disease progression, unacceptable toxicity, or consent withdrawal. The
primary endpoints were objective response rate (ORR), clinical benefit rate (CBR; CR + PR + SD for > 24 weeks). The sec-
ondary endpoints were progression-free survival (PFS), tolerability, and overall survival (OS).

Results Twenty patients with HER2-positive MBC were enrolled, with a median of 1 prior chemotherapy regimens for
MBC. Median age was 61.5 years (95% Confidence Interval (CI) 48.6-63.1). Visceral involvements presented in 14 patients
(70.0%). ORR was 20.0%, and CBR was 75% with 4 PR (20.0%) and 11 SD (55.0%). The median PFS (mPFS) and median OS
(mOS) were 7.4 months (95% CI 3.2-11.5) and 45.8 months (95%CI: not reached), respectively. The mPFS was 17.7 months
(95%CI not reached) and 5.8 months (95%CI 5.6-5.9) in mNH as first-line and > second-line therapy (log rank p=0.03),
respectively. The most common grade 1 adverse events (AEs) included nausea (15%), leukopenia (15%), ALT/AST elevation
(15%), diarrhea (10%), and peripheral neuropathy (10%). Grade 2 adverse events included leukopenia (5%) and neutropenia
(10%). No grade 3/4 AEs were observed.

Conclusions Oral metronomic vinorelbine combined with trastuzumab is a well-tolerated and effective anti-tumor regimen
for HER2-positive MBC.
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Introduction
> Qiao Li Breast cancer, accounts for 30% female cancers, is the most
ligiaopumc @qgq.com frequently diagnosed cancer among women worldwide [1].
P4 Binghe Xu Human epidermal growth factor receptor 2 (HER2) is posi-
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tive in about 20-25% breast cancer patients [2]. Metastatic
breast cancer is an incurable disease, in which median sur-
vival is only 2—4 years [3] and 5-year survival rate is only
about 25% [4]. The purpose of treatment in advanced breast
cancer patients is to improve the quality of life, and to pro-
long the overall survival [5]. Several studies have showed
that longer duration of chemotherapy was associated with
both longer progression-free disease (PFS) and longer over-
all survival (OS) [6], leading to the introduction of met-
ronomic chemotherapy term. Metronomic chemotherapy
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(mCHT) refers to the frequent administration of cytotoxic
agents at low dose less than maximum tolerated doses with
no drug-free breaks that lead to continuously anti-tumor
activity and gentle adverse events [7].

Conventional chemotherapy, namely ‘maximum toler-
ated doses’ (MTDs) chemotherapy, uses cytotoxic drugs to
kill tumor cells [8]. Different from the conventional chem-
otherapy, metronomic chemotherapy uses the minimum
biologically effective dose of chemotherapy agent without
prolonged drug-free breaks [9]. The anti-tumor mechanism
of metronomic chemotherapy including indirect effects on
cancer cells inhibit tumor neovascularization, regulate tumor
environment, and reduce the number of regulatory T cells
[10].

Several studies evaluated the efficacy and safety of met-
ronomic chemotherapy combined with targeted therapy in
HER?2-positive metastatic breast cancer [11]. Orlando et al.
demonstrated the activity of the combination of trastuzumab
plus metronomic cyclophosphamide (CTX) and methotrex-
ate (MTX), which showed an efficacy of 18% (95% CI
5-40%) partial remission (PR), 46% (95% CI 24-68%) sta-
ble disease (SD), a median time to progression of 6 months
(range 0.7 to 18.4 months), and a median duration of treat-
ment of 5 months (range 1 to 18 months) [12]. However,
studies evaluating the combination of oral metronomic
vinorelbine and trastuzumab in breast cancer are limited.

Vinorelbine is an anti-tubulin chemotherapeutic drug.
Preclinical studies have demonstrated that it acts synergisti-
cally with trastuzumab in several HER2-positive breast can-
cer cell lines [13]. Meanwhile, trastuzumab plus vinorelbine
or docetaxel (HERNATA) clinical study showed that intra-
venous vinorelbine (30-35 mg/m? on days 1 and 8) com-
bined with trastuzumab has a higher anti-tumor activity
than docetaxel plus trastuzumab (TTP 15.3 vs 12.4 months,
OS 38.8 vs 35.7 months, respectively) [14]. A retrospective
study compared intravenous taxanes plus trastuzumab to oral
vinorelbine (60 mg/m? on days 1 and 8 of a 3-week cycle)
plus trastuzumab as first-line therapy in HER2-positive met-
astatic breast cancer patients [15]. The result showed that the
mPFS and mOS were 7 months vs. 9 months (log rank, no
significant), 49 months vs. 59 months (p =0.033), respec-
tively. The above results inspired us to conduct a phase II
clinical trial to evaluate the safety and efficacy of oral met-
ronomic vinorelbine combined with trastuzumab (mNH) in
HER2-positive advanced breast cancer.

Patients and methods
Study design

This study was a single-arm, prospective phase II clinical
trial conducted at National Clinical Research Center for
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Cancer, China. Patients were enrolled to receive oral met-
ronomic vinorelbine 40 mg on day 1, day 3, day 5 every
week and trastuzumab 6 mg/kg (loading dose 8 mg/kg)
every 3 weeks. A dose-limiting toxicity (DLT) was defined
as grade 3 or 4 of any hematological and biochemical toxic-
ity during the first month of metronomic vinorelbine plus
trastuzumab treatment regimen. During the mNH treatment
period, patients were followed monthly and were conducted
radiological evaluation every 6 weeks, treatment was contin-
ued until disease progression or intolerable toxicities.

The primary endpoints were objective response rate
(ORR) and clinical benefit rate (CBR). The secondary end-
points were progression-free survival (PFS), tolerability, and
overall survival (OS). PFS was defined as the time from the
date of first dose administration to earliest date of disease
progression or cancer-related death, whichever occurred
first. CBR was defined as the percentage of patients who
have achieved complete response (CR), partial response
(PR), and stable disease (SD) for >24 weeks. Overall sur-
vival (OS) was defined as the time from the date of first dose
administration to date of death or last visit.

Eligibility criteria

The main eligibility criteria were as follows: female;
aged > 18 years; histologically or cytologically proved
HER2-positive metastatic breast cancer; HER2-positive
status determined by immunohistochemistry 3 + or fluores-
cent in situ hybridization (FISH) positive on the primary
tumor site or a metastatic lesion; at least one measurable
lesion defined by RECIST 1.1 criteria; regardless of any
neoadjuvant and/or adjuvant therapies, or previous lines
of therapy, including chemotherapy, endocrine therapy, or
target therapy received for metastatic disease; performance
status of 0-2 according to WHO criteria; an estimated life
expectancy > 12 weeks; adequate bone marrow, liver, renal,
and cardiac function with normal left ventricular ejection
fraction defined by our institution. The ineligibility criteria
included unstable brain metastasis, second primary malig-
nancy, and dyspnea.

The study was approved by the institutional Ethical Com-
mittee of National Clinical Research Center for Cancer.

Treatment schedule

Patients received oral vinorelbine 40 mg 3 days a week (D1,
D3, D5/per week) and trastuzumab at the dose of 6 mg/kg
was administered intravenously every 21 days (8 mg/kg
loading dose at first administration). Endocrine therapy for
hormone receptor-positive patients was not admitted during
treatment.
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Assessment

Tumor responses were evaluated according to the interna-
tional criteria proposed by the Response Evaluation Criteria
in Solid Tumors (RECIST 1.1). Tumor assessments were
carried out by CT scan every 6 weeks.

Adverse events were evaluated according to the Com-
mon Terminology Criteria for Adverse Effects Version 5.0
(CTCAE 5.0).

Statistical analysis

Median PFS and OS plots were drawn using the
Kaplan—Meier plot, log rank test was used to compare the
difference of survival rate between the two groups. Univari-
able and multivariable Cox proportional regression analysis
was used to assess the association between various patients
or tumor characteristics and progression or death. All analy-
ses were performed with the SPSS software (version 23.0).
The survival curve was drawn by Graphpad Prism software
(version 8.0). All p values were two-sided.

Results

Patients

From September 2017 to August 2020, 20 patients with
HER2-positive MBC from National Clinical Research
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Center for Cancer were enrolled. The median age was
61.5 years (range from 31 to 78). 14 patients were post-
menopausal (70.0%), while 6 were premenopausal (30.0%).
14 patients presented with visceral involvement (70.0%),
6 patients presented with lymph node, bone, or chest wall
metastasis (30.0%). 14 patients were hormone receptor pos-
itive (70.0%), 6 patients were hormone receptor negative
(30.0%). 8 (40.0%) patients had never received chemother-
apy for advanced disease, 7 (35.0%) patients had received
1 lines of chemotherapy, 4 (20.0%) patients had received 2
lines, and 1 (5.0%) patient had received 4 lines of chemo-
therapy. For the previous treatments, in the neoadjuvant/
adjuvant treatment, 15 patients received taxanes and 5
patients received trastuzumab. In the first-line treatment, 4
received taxanes, 4 received pyrotinib, and 2 received tras-
tuzumab. In the second-line treatment, 2 received trastu-
zumab and 2 received lapatinib. No taxanes were observed
in patients with > 2 lines of treatment.
Table 1 reports the main patient characteristics

Efficacy

Among the 20 patients who received oral metronomic
vinorelbine combined with trastuzumab, 4 patients achieved
partial response (20.0%), 11 patients achieved stable dis-
ease (55.0%), and 5 patients achieved progressive disease
(25.0%). The duration of remission of the above 15 patients
with PR or SD was more than 24 weeks. ORR was 20.0%,
CBR was 75.0% (Table 2).
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Table 1 Main patients’ characteristics (N =20 assessable patients)

Table 3 Subgroup analysis of PFS

Characteristics N (%) Variable N PFS [months, p value
median(95%CI)]
Age
<60 years 10 (50%) Overall 20 7.4 (3.2-11.5)
> 60 years 10 (50%) Age 0.968
Menopausal status <60 years 10 (50%) 5.8 (3.5-8.0)
Premenopausal 6 (30%) > 60 years 10 (50%) 9.0 (0.0-20.6)
Postmenopausal 14 (70%) Menopausal status 0.630
Hormone receptor Premenopausal 6 (30%) 4.9 (not reached)
Positive 14 (70%) Postmenopausal 14 (70%) 7.4 (3.9-10.8)
Negative 6 (30%) Hormone receptor 0.350
Primary clinical phase Positive 14 (70%) 7.1 (4.1-10.0)
LI 16 (30%) Negative 6 (30%) 17.7 (0.0-35.5)
v 4 (20%) Primary clinical phase 0.737
Visceral metastasis I-II1 16 (80%) 7.4 (3.6-11.1)
Yes 14 (70%) v 4 (20%) 5.7 (not reached)
No 6 (30%) Visceral metastasis 0.754
Number of metastases Yes 14 (70%) 7.4 (3.9-10.8)
1 9 (45%) No 6 (30%) 5.7 (0.0-13.3)
>2 11 (55%) Number of metastases 0.722
Previous treatment line 1 9 (45%) 9.0 (4.3-13.6)
0 8 (40%) >2 11 (55%) 5.8 (0.0-16.8)
1-4 12 (60%) Previous treatment line 0.030
0 8 (40%) 17.7 (not reached)
14 12 (60%) 5.8 (5.6-5.9)
Table 2 Efficacy results
Variable Evaluable patients (N=20)
Best response, 1 (%) Table 4 Treatment toxicity
Complete response 0 Grade Gl G2 G3 G4
Partial response 4 (20.0%)
. Nausea 3(15%) - - -
Stable disease 11 (55.0%) .
. . Vomiting - - - -
Progressive disease 5 (25.0%) .
. Diarrhea 2 (10%) - — -
Objective response rate, % (95% CI) 20.0% o
.. Constipation 1 (5%) - - —
Clinical benefit rate, % (95% CI) 75.0% .
. . Leukopenia 3(15%) 1 (5%) - -
Progression-free survival, months 7.4 (95% CI 3.2-11.5) X
[median (95% CI)] Neutropema - 2 (10%) - -
Anemia 1 (5%) - - -
Complete response + partial response + stable disease >24 weeks Cardiac toxicity 1 (5%) _ _
C1 confidence interval Increased AST/ALT 3(15%) - - -
Hand and foot syndrome - - - -
. Increased creatine 1(5%) - - -
The median PFS (mPFS) was 7.4 months [95.% Confi- Insomnia 1 (5%) B _ B
dence Interval (CI) 3.2-11.5]. The mPFS of patients who Peripheral neuropathy 2 (10%) B _ B

received mNH as the first-line treatment regimen for MBC
was 17.7 months (95%CI not reached), while the mPFS of
patients who received mNH as > second-line regimens was
5.8 months (95%CI 5.6-5.9). There was significant differ-
ence between the two groups (log rank p=0.03) (Table 3).
The longest PES of the 20 patients was 33.5 months. Among
the patients with mNH as the first-line treatment, 3 PR, 4 SD,
1 PD, ORR was 37.5% (3/8), and CBR was 87.5% (7/8). The
median OS was 45.8 months (95% CI not reached) (Fig. 1).

Treatment safety

Adverse events were observed in patients during the
course of study and are summarized in Table 4. Grade 1
adverse events included nausea (15%), leukopenia (15%),
ALT/AST elevation (15%), diarrhea (10%), peripheral
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neuropathy (10%), constipation (5%), anemia (5%), car-
diac toxicity (5%), increased creatine (5%), and insomnia
(5%). Grade 2 adverse events included leukopenia (5%)
and neutropenia (10%). No grade 3/4 adverse events were
observed.

Discussion

In the present study of oral metronomic vinorelbine com-
bined with trastuzumab (mNH) in HER2-positive MBC
patients who had received a median of 2 prior treat-
ment regimens, the median PFS was 7.4 months (95%
CI 3.2-11.5), and median OS was 45.8 months (95%CI
not reached), with a CBR of 75.0% (15 patients achieved
PR + SD > 24 weeks) and an ORR of 20%. The mPFS was
17.7 months (95%CI not reached) and 5.8 months (95%CI
5.6-5.9) in first-line therapy and > second-line therapy
(log rank p=0.03). Although the sample size is limited,
this study demonstrated promising efficacy of mNH regi-
men in HER2-positive MBC patients.

The concept of “dose intensity” is the foundation of
conventional chemotherapy [16]. In the conventional
chemotherapy, chemotherapeutic drugs are delivered at
the highest tolerable dose in cycles with 3—4 weeks inter-
val. However, this drug-free interval may allow cancer
cells to regrow and acquire resistance. The term of metro-
nomic chemotherapy was then introduced, which refers to
low-dose chemo-drugs with shorter drug-free intervals to
achieve continuous anti-tumor activity and gentle adverse
events. Metronomic chemotherapy not only directly targets
cancer cells but also exerts effects on tumor microenviron-
ment [17], which is achieved by tumor angiogenesis inhi-
bition and anti-tumor immune response activation [17].
Browder et al. suggested that metronomic chemotherapy
targets tumor vascular bed and sustained apoptosis of vas-
cular endothelial cells [10]. In the present study, patients
were administered with oral vinorelbine three times a
week, instead of long drug-free interval.

Orlando et al. explored the efficacy and safety of met-
ronomic capecitabine/cyclophosphamide combined with
trastuzumab (HEX) as the first-line treatment for HER2-
positive patients with advanced breast cancer. The results
showed that the ORR was 56.7%, CBR was 78.2%, and
mPFS and mOS were 11 months and 45.9 months, respec-
tively [4]. The results showed the anti-tumor activity of
oral metronomic chemotherapy combined with targeted
therapy. However, the two-drug combination chemo-
therapy of this scheme makes its toxic and side effects
slightly serious, and adverse reactions such as grade
3 hand—foot syndrome and anemia can be observed.
We explored the efficacy and safety of oral single-drug
vinorelbine combined with trastuzumab (mNH) in the

treatment of advanced breast cancer. Subgroup analysis
showed that the ORR was 37.5%, CBR was 87.5%, and
mPFS was 17.7 months. Although the effectiveness of
the two regimens cannot be directly compared, the data
show that mNH regimen is slightly better than HEX regi-
men in terms of CBR and mPFS. Most of the side effects
were grade 1-2, and no grade 3 or above side effects were
observed.

In a phase I study, researchers explored the safety dose-
range of metronomic oral vinorelbine in advanced refrac-
tory cancer [18]. In that study, 62 patients were enrolled
to receive six dose levels of oral metronomic vinorelbine
from 20 to 70 mg thrice a week until disease progression,
unacceptable toxicity, or withdrawal of consent. Unaccep-
table toxicity occurred in 2 patients at 60 mg (leukopenia
grade 4 and epistaxis grade 2) and in 1 patient at 70 mg
(leukopenia grade 2). Therefore, recommended dose of met-
ronomic oral vinorelbine as a single agent was defined as
50 mg thrice a week. In another phase I trial, patients with
metastatic breast cancer were enrolled to receive oral metro-
nomic vinorelbine plus capecitabine, and the results showed
that the dose-limiting toxicities of metronomic vinorelbine
were 70 mg and recommended maximum tolerated doses
(MTD) were 60 mg every other day [19]. In the phase I
VICTOR-1 study, researchers also explored the MTD of
oral metronomic vinorelbine combined with capecitabine
the first time [20]. Patients with metastatic breast cancer
received oral metronomic vinorelbine from 20 mg on Days
1-3-5 plus capecitabine fixed dose of 500 mg thrice a day,
if no grade 3/4 toxicity was observed in the first 3 weeks,
then the vinorelbine will be escalated by 10 mg/ days. The
results showed that the MTD of oral metronomic vinorelbine
was 40 mg thrice a week and was the recommended dose
for phase II multicenter study. Our study also followed the
recommended dose as 40 mg thrice a week.

HERNATA is a phase III clinical trial which compared
the efficacy of vinorelbine plus trastuzumab with docetaxel
plus trastuzumab in first-line treatment of HER2-positive
MBC patients [14]. In the subgroup of vinorelbine plus
trastuzumab of HERNATA study, patients naive to chemo-
therapy for advanced disease received intravenous injection
vinorelbine 30 to 35 mg/m? on day 1 and 8 combined with
trastuzumab (8 mg/kg loading dose and 6 mg/kg mainte-
nance dose) on day 1 every 3 weeks as first-line therapy for
metastatic breast cancer. The median time to progression
(TTP) was 15.3 months, the median overall survival was
38.8 months. 13 (11.0%) patients got CR, 57 (48.3%) partial
response, 19 (16.1%) stable disease, 6 (5.1%) progressive
disease, and 23 (19.5%) not evaluable. Overall response rate
(CR+PR) was 59.3%. Due to significant differences in sam-
ple size and study design, our results cannot be compared
directly with the previous data. The mPFS of mNH in the
first-line treatment of HER2-positive MBC in our study is
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17.7 months (95%CI not reached), and the ORR of mNH in
this population is 20%, which warrants further evaluation
of mNH regimen in a larger sample size. Meanwhile, our
primary results also indicated a possibility that metronomic
chemotherapy plus trastuzumab may exert a modest and
delayed anti-tumor activity, which may achieve comparable
and even longer survival benefit compared with traditional
intravenous chemotherapy in combination with trastuzumab.

In the present study, the mPFS of mNH reached
7.4 months (95%CI 3.2-11.5). For patients who received
mNH as first-line therapy, the mPFS was 17.7 (95%CI: not
reached), while the mPFS of patients who received mNH as
more than 1 treatment line was 5.8 months (95%CI 5.6-5.9)
(log rank p =0.03). This result indicated that earlier admin-
istration of mNH regimen was associated with superior sur-
vival benefit compared to later exposure, which warrants
further study to evaluate this regimen in earlier treatment
lines for HER2-positive MBC patients.

Several studies have evaluated the efficacy of metro-
nomic chemotherapy combined with anti-HER?2 treatment.
In the EORTC 75,111-10,114 phase II clinical trial, HER2-
positive metastatic breast cancer patients without previous
chemotherapy for metastatic disease were enrolled [21].
The trastuzumab and pertuzumab plus metronomic cyclo-
phosphamide group prolonged the 6-month PFS rate than
the dual HER2 blockade alone (73.4% vs 46.2%, p=0.12).
The mPES of trastuzumab and pertuzumab plus metronomic
cyclophosphamide regimen reached 12.7 months (95%CI
6.7-24.8), while the trastuzumab and pertuzumab alone
group were 5.6 months (95%CI 3.6-16.8). The most com-
mon grade 3—4 side effects in the dual HER2 blockade plus
cyclophosphamide group were hypertension (12%), diarrhea
(12%), dyspnea (10%), fatigue (5%), pain (5%), and a throm-
boembolic event (10%). In another clinical trial, the median
time to progression (mTTP) of trastuzumab combined
with oral metronomic cyclophosphamide and methotrex-
ate in HER2-positive metastatic breast cancer patients was
6 months (range from 0.7 to 18.4 months) [22]. Although
different studies cannot be compared directly, our primary
data showed promising mPFS in first-line HER2-positive
metastatic breast cancer patients with limited toxicity, which
brings a new option of metronomic regimen for HER2-pos-
itive MBC patients.

Subgroup analysis showed that there was no difference of
mPFS between the hormone receptor-positive and receptor-
negative group. While in the HERNATA study, hormone
receptor status may be a marker for sensitivity to vinorelbine
[14].

VELVET study explored the safety and efficacy of intra-
venous vinorelbine combined with dual anti-HER?2 regimen
[22]. The VELVET study results showed that the PFS of
intravenous vinorelbine combined with pertuzumab and tras-
tuzumab as first-line treatment of HER2-positive metastatic

@ Springer

breast cancer patients was 14.3 months (95%CI 11.2-17.5).
In our study, the mPFS for patients who received oral met-
ronomic vinorelbine combined with trastuzumab as first-line
therapy was 17.7 (95%CI: not reached). The above indicated
that oral metronomic vinorelbine combined with anti-HER2
regimen was an efficacy treatment strategy.

In HERNATA study, grade 3 and 4 drug-related tox-
icities were observed included hematologic toxicities and
nonhematologic toxicities [14]. However, in our study, we
observed the most common side effects of metronomic
vinorelbine combined with trastuzumab were grade 1 nau-
sea (15%), leukopenia (15%), ALT/AST elevation (15%),
diarrhea (10%), peripheral neuropathy (10%), constipation
(5%), anemia (5%), cardiac toxicity (5%), increased creatine
(5%), and insomnia (5%). Grade 2 adverse events included
leukopenia (5%), neutropenia (10%). All of the advanced
events were less than 3 degrees. Those side effects indicated
that oral mNH combination is a very well-tolerated regimen,
with modest side effects and high quality of life.

mNH regimen is economical, effective, and well toler-
ated. In low-income countries, it can be used as a treatment
for HER2-positive breast cancer patients. At the same time,
oral metronomic chemotherapy makes patients not hospital-
ized or reduce the length of stay (only because of targeted
treatment), which provides convenience for patients in the
global pandemic of diseases such as COVID-19.

However, the sample size enrolled in this clinical trial was
limited. Besides, due to limited accessibility and insurance
reimbursement of anti-HER2 drugs in china, no patients in
this study received pertuzumab or ado-trastuzumab emtan-
sine as previous anti-HER2 treatment. It is expected that
large-scale phase III clinical trial will be carried out to verify
the results of this trial.

Conclusions

To conclude, oral metronomic vinorelbine combined with
trastuzumab is present with promising anti-tumor activity
and is well-tolerated in previously treated HER2-positive
metastatic breast cancer patients.
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