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a b s t r a c t

Background. The combination of chemotherapy plus anti HER-2 agents is the mainstay of HER-2 positive
advanced breast cancer (ABC) therapy. We conducted a phase II trial testing activity and safety of tras-
tuzumab and metronomic capecitabine/cyclophosphamide (HEX) as first-line therapy in HER-2 positive
ABC.
Methods. Patients at first relapse or with synchronous metastasis were treated with trastuzumab (4 mg/
kg, biweekly) plus oral capecitabine (1500 mg/daily) and cyclophosphamide (50 mg/daily). Primary
endpoint was objective response rate (ORR), secondary endpoints progression-free survival (PFS), clinical
benefit rate (CBR; PR þ CR þ SD for � 24 weeks) and tolerability. Optimal two-stage design was applied.
Results. Sixty patients with measurable ABC, tumors scored as þ3 for HER-2 or FISH þ, untreated for
advanced disease were enrolled. Median age was 62.5 years, visceral metastases were present in most
patients (57.9%). Median number of cycles was 16 (range 1e98). ORR was 56.7% (95% CI, 44.1e68.4%),
with 5 CR (8.3%) and 29 PR (48.3%). Fifteen patients had SD (25%). The CBR was 78.2%. Nine progressions
were observed (15%). Median PFS was 11 months. One year PFS was 47.7%. Median OS was 45.9 months.
Worst toxicities were grade 3 hand-foot syndrome in 2 pts (3.3%), grade 3 anaemia in 2 pts (3.3%), grade
2 nausea in 2 pts (3.3%) and grade 3e4 diarrhea in 2 pts (3.3%). Cardiac toxicity grade 1 was reported in
1 pt. Conclusions. Combination of trastuzumab and metronomic oral chemotherapy has clinical activity.
The tolerability was excellent and allowed the prolonged delivery of treatment.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Breast cancer is the leading cause of cancer death in women [1].
Although treatable, metastatic breast cancer MBC remains an

incurable disease with a median overall survival (OS) of about 3
years and a 5-year survival of about only 25% [2]. Breast cancer with
gene amplification or overexpression of human epidermal growth
factor receptor 2 (HER-2) encountered for 20% of all breast cancer
[3]. Many studies revealed that the advances in HER-2 positive ABC
therapies increased the survival time for patients with HER-2
positive breast cancer [4].

Trastuzumab was the first humanized monoclonal antibody
against HER-2 to be approved as adjuvant and palliative therapy for
breast cancer in combination with chemotherapy [5]. Despite the
efficacy of trastuzumab, recurrences do occur and are a serious
clinical problem for HER-2 positive patients
[6]. The need of overcoming trastuzumab resistance has led to the
development of new therapies directed at HER-2. Pertuzumab is a
humanized monoclonal antibody which prevents the dimerization
of HER-2 to HER-3 (human epidermal growth factor receptor 3) [7].
Combined with trastuzumab and docetaxel, Pertuzumab has
shown a significant and prolonged progression-free survival and
overall survival compared to trastuzumab and docetaxel as first line
therapy of HER-2 positive ABC [8,9]. Nowadays, this combination is
approved as first line therapy and represents the standard of care
for HER-2 positive ABC. Metastatic breast cancer is an incurable
disease and the goals of therapies are mostly palliative. The
maintenance of a good performance status is the consequence of
both symptoms palliation and avoidance of side effects of systemic
therapy. The term ‘metronomic’ chemotherapy (MTC) refers to the
frequent, even daily administration of chemotherapeutics at doses
significantly below the maximum tolerated dose, with no pro-
longed drug-free breaks [10]. It also defines a novel target of anti-
tumor therapies. Preclinical studies have identified the tumor
endothelial cell as the main target of MTC, but others mechanisms
of action operating in MTC, such as stimulation of immune
response, circulating endothelial cells (CECs) inhibition and direct
action on tumor cells have been described too [11].

In a previous small series, low-dose oral cyclophosphamide and
methotrexate combined with trastuzumab have shown substantial
efficacy in metastatic HER-2 positive breast cancer and provided
disease control in a significant proportion of patients. The observed
clinical benefit (RP plus RC plus SD for � 24 weeks) in all patients
and in patients with disease resistant to previous trastuzumab
therapy was 46% (95% CI, 24e68%) and 27% (95% CI, 6e61%),
respectively [12]. Data from a phase II trial with the combination of
metronomic capecitabine plus cyclophosphamide regimen plus
bevacizumab (a humanized monoclonal antibody against vascular
endothelial growth factor, VEGF) have shown a high clinical benefit
rate in untreated breast cancer patients [13].

In the present study we assessed the activity and tolerability of a
new metronomic regimen with cyclophosphamide plus capecita-
bine in combination with trastuzumab in HER-2 positive untreated
metastatic breast cancer patients.

2. Patients and methods

2.1. Study design

This phase II study was designed according to an optimal two-
stage design to test the null hypothesis that p0 � 0.4 vs. the
alternative that p1 � 0.6 with a ¼ 0.05 e b ¼ 0.1 [14]. According to
the original design, after testing the regimen on 25 patients in the
first stage, the trial would have been terminated if 11 or fewer re-
sponses were documented. Conversely, the continuation to the
second stage implied to enroll a total of 66 patients. According to
the study design, study regimen should be considered active if the
total number responding is higher than 32 out of 66 evaluable
patients.

Primary end-point was the objective response rate (ORR), sec-
ondary end-point were the progression-free survival (PFS), the
clinical benefit rate (CBR; partial response (PR)þ complete
response (CR) þ prolonged stable disease (SD) for � 24 weeks) and
the tolerability.

The trial was approved by each local Ethic Committee (EUDRACT
2009-017,083-16).

2.2. Patients

Eligible patients had unresectable locally recurrent or metasta-
tic HER-2 positive breast cancer, defined by immunohistochemistry
(staining 3þ) or by fluorescence in situ hybridization
(amplification � 2.0), not previously treated for advanced disease.
Informed Consent was signed by all patients.

2.3. Procedures

Women with histologically proven, locally advanced (inoper-
able) or metastatic breast untreated carcinoma were eligible. The
presence of measurable disease was required. Primary and/or
adjuvant chemotherapy was allowed, as well as prior endocrine
treatment for any setting; prior primary and/or adjuvant trastu-
zumab therapy was also allowed, if ended 6 months before.

Patient eligibility criteria had to include HER-2 positivity
defined according to the ASCO/CAP scoring system (at first, 2007
version and subsequently 2013 version) [4,15]: intense circumfer-
ential membrane staining in >10% of tumor cells by IHC or HER-2
gene copy number/CEP17 signals �2 by FISH). IHC for ER (Estrogen
receptor) and PgR (Progesteron receptor) was defined positive
if � 1% immune-stained tumor cells were detected.

2.4. Treatment schedule

Patients received Trastuzumab at the dose of 4 mg/kg by
intravenous infusion every 14 days (loading dose at first adminis-
tration 6 mg/kg), oral cyclophosphamide 50 mg daily and oral
capecitabine 500 mg three times a day continuously. Every cycle
started with each administration of Trastuzumab. Endocrine ther-
apy for endocrine-responsive disease was not admitted during
study treatment.

2.5. Assessment

The response and progression were evaluated using the inter-
national criteria proposed by the Response Evaluation Criteria in
Solid Tumors (RECIST 1.1). Patients were tested for response every 8
weeks (every 4 weeks for superficial lesions) by CT scan or MRI. In
addition, confirmatory scans should also be obtained not more than
4 weeks following initial documentation of objective response.

Adverse events were evaluated according to the Common Ter-
minology Criteria for Adverse Effects Version 4.0 (CTCAE 4.0).
Complete blood sample including serum hematology and
biochemistry was collected every 4 weeks; serum hematology was
performed also at each cycle (every 14 days).

All patients had left ventricular ejection fraction (LVEF) mea-
surement of at least 50% by echocardiography or MUGA scan.
Subsequent scheduled LVEF assessments were performed every 3
months during treatment and every 6 months during follow-up.
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3. Results

From November 2011 to September 2015, 60 patients were
enrolled. Themedian agewas 62.5 years (range 32e87). Median DFI
(disease-free interval) was 41 months (range 5e252). Main pa-
tients’ features are summarized in Table 1. Seventeen patients
(28.3%) were treated with adjuvant trastuzumab; visceral metas-
tases were present in 33 patients (55%), liver in 22 (36.6%). The
majority had 2 or more sites of recurrence. Hormone receptors
were positive in 44 patients (73.3%). Median number of adminis-
tered cycles was 16 (range 1e98) and median treatment duration
was 7.6 months.

3.1. Efficacy

At a median follow-up of 45.7 months, 34 out of 60 patients
obtained an objective response, corresponding to an ORR equal to
56.7% (95% CI, 44.1e68.4%), with 5 CR (8.3%) and 29 PR (48.3%).
Consequently, even if the total sample size planned (66 patients)
was not reached, the minimum number of 33 objective responses
needed to define the study treatment as active was reached in the
first 60 patients.

15 patients had SD (25%). The CBR was 78.2%. Nine progressions
were observed (15%). (Table 2). Median PFS was 11 months (95% CI,
6.3e15.6) (Fig. 1A). One year PFS was 47.7%. Median OS was 45.9
months (95% CI, 22.7e69.1) (Fig. 1B).

3.2. Toxicity

The most commonly reported toxicities were G1 events:
thrombocytopenia (8 patients, 13.3%), hand-foot syndrome (11
patients, 18.3%), nausea (7 patients 11.7%), diarrhea (8 patients,
13.3%), fever (8 patients, 13.3%). Other toxicities were: anemia G3 (2
patients, 3.3%), hand-foot syndrome G3 (2 patients, 3.3%), diarrhea
G3-G4 (2 patients, 3.3%) (Table 3). Cardiac toxicity G1 was observed
Table 1
Main patients’ features.

Age (median) 62.5 (32e87)
Menopausal status: pre (%) 9 (15%)
Post (%) 51 (85%)
Hormonal receptor status: pos 44 (73.3%)
neg 16 (26.6%)
Metastasis: synchronous 22 (38.6%)
metachronous 35 (61.4)
DFI (median, range)a 41 (5e252)
Previous CT 28 (46.6%)
Previous Trastuzumab 17 (28.3%)
Visceral sites 33 (55%)
Liver metastases 22 (36.6%)
N� sites � 2 49 (81.6%)

a In 35 pts with metachronous metastasis.

Table 2
Clinical results at median follow up of 45.7
months.

Pts 60

RC 5 (8.3)
RP 29 (48.3%)
ORR 34 (56.7%)
SD 15 (25%)
OCBa 47 (78.2%)
PD 9 (15%)

a OCB: overall clinical benefit defined as
PR þ CR þ SD for � 24 weeks.
in 1 patient (1.6%). Alopecia was not reported.
One patient (1.6%) discontinued treatment because of diarrhea

G4 after one cycle; treatment delays were not reported.

4. Discussion

In this study of metronomic oral chemotherapy and antiHER-2
therapy with trastuzumab, 34 out of 60 patients had response to
treatment, with ORR of 56.7% (95% CI, 44.1e68.4%) and PFS of 11
months (95% CI, 6.3e15.6), thus meeting the primary endpoint.
When our trial was designed and conducted, pertuzumab in com-
bination with trastuzumab and chemotherapy had not been
approved yet. Data from Cleopatra study were impressive: the
difference in PFS between pertuzumab/trastuzumab combination
and trastuzumab alone was significant (HR 0.69) and the combi-
nation led to an improvement of survival by 6.3 months [8,9]. As a
consequence, we stopped the accrual at 60 patients for the slow-
down in the recruitment after Cleopatra data. However, even if the
total sample size planned (66 patients) was not reached, the min-
imum number of 33 objective responses needed to define the study
treatment as active was reached even in the first 60 patients.

In our study, median OS was 45.9 months, the probability to
survive at 12 and 24 months was 93.1% and 79.6% respectively. Our
data compared favorably with data from HERNATA trial, a phase III
trial comparing vinorelbine and docetaxel associated with trastu-
zumab as first line therapy for HER-2 positive ABC. In this trial, TTP
for docetaxel and vinorelbine was 12.4 months and 15.3 months
respectively, the median overall survival was 35.7 months versus
38.8months and the 1-year survival ratewas 88% in both arms [16].

Unlike Cleopatra and HERNATA trials, in which only 10% and
0.4% of patients had received adjuvant trastuzumab respectively,
28.3% of our patients were treated with trastuzumab in the adju-
vant setting. This point might define our population as more
resistant, despite the fact that the majority of patients enrolled in
our trial had a long DFI.

Trastuzumab given with metronomic oral chemotherapy was
well tolerated. Grade 3 and 4 toxicities were rare. Neither alopecia
nor significant cardiac toxicity were reported.

The opportunity to continue treatment, without cumulative
toxicity and good tolerability is a main issue in palliative setting.
The use of metronomic delivery could improve the therapeutic
index of drugs by optimally balancing activity and treatment
associated toxicities, thus allowing prolonged duration of treat-
ment and ensuring clinical benefit. In our study, median number of
administered cycles was 16 (range 1e98). Seven women received
more than 50 courses; at the time of analysis, 1 patient was still free
of progression after 98 cycles. Despite this prolonged administra-
tion, cumulative toxicity was not reported, as it is predictable and
desirable with metronomic schedule.

Nowadays, most efforts are aimed at discovering novel combi-
nations (or indications) in the early stage breast cancer. Pertuzu-
mab was recently approved by FDA in both adjuvant and
neoadjuvant setting for HER-2 positive tumors [18].

Moreover, trastuzumab emtansine has newly shown to reduce
the risk of invasive disease recurrence or death by 50% compared
with trastuzumab in patients with residual invasive tumor in breast
or axillary nodes at surgery after completing neoadjuvant
trastuzumab-chemotherapy [19].

The currently empowering of systemic treatment pursued by
trials conducted in early breast cancer will conduct to an increasing
number of advanced breast cancer patients pre-treated with ther-
apies directed against HER-2 protein, for whom different thera-
peutic approach are needed in the metastatic setting.

Nowadays, underlying mechanisms of HER-2 therapy resistance



Fig. 1. A. Progression-free survival in the study population, B. Overall survival in the study population.

Table 3
Treatment toxicity.

All grades (%) G3 (%) G4 (%)

Anemia 15 (25) 2 (3.3) e

Thrombocytopenia 9 (15) e e

Neutropenia 5 (8.3) e e

Liver toxicity 5 (8.3) e e

Fever 8 (13.3) e e

HF Syndromea 13 (21.7) 2 (3.3) e

Asthenia 5 (8.3) e e

Nausea 9 (15) e e

Diarrhea 10 (16.7) 1 (1.7) 1 (1.7)
Renal toxicity 3 (5.0) e e

Stomatitis 2 (3.3) e e

Myalgias 3 (5.0) e e

Arthalgias 2 (3.3) e e

a Hand-foot syndrome.
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are better understood, and novel combined targeted therapies are
under investigation. The introduction of vaccines, antibody drug
conjugate and bifunctional antibodies will probably make less
exciting the trastuzumab/chemotherapy combination [20,21].
However, the availability of further, low-toxic association of “old”
cytotoxic and antiHER-2 agents could be useful to obtain a disease
control and tomaintain a good quality of life also in subsequent line
of treatment.

Our data, because of the scant number of patients, do not allow
to define a subpopulation that benefit the most from metronomic
combination.

We observed a low percentage of objective responses and a
greater number of PD in hormone receptor negative patients
compared to hormone receptor positive (50% vs 61% respectively
and 18% vs 13% respectively, data not shown), but these data are
insufficient to define a more responsive population.

The majority of our patients developed metastatic recurrence
after a long DFI (median 41, range 5e252). Despite that, the median
overall survival of 45.9months probably does not reflect a favorable
prognostic profile; however, all the CR were observed in patients
with DFI longer than 10 years or with de novo metastatic disease
(data not shown).

The possibility to selected other chemotherapeutic agents to be
used in combination with pertuzumab and trastuzumab is under
investigation. Eribulin, vinorelbine or capecitabine were studied as
the first line therapy for metastatic or recurrent cancer, with
promising efficacy [22].
Recently, the activity of dual antiHER-2 treatment with or
without metronomic chemotherapy was evaluated in older and
frail patients with HER-2 positive metastatic breast cancer. Eighty
patients, of whom 56 (70%) had a potential frailty profile according
to the geriatric screening G8 score, were randomly assigned to
receive trastuzumab and pertuzumab (n ¼ 39) or trastuzumab and
pertuzumab plus metronomic oral cyclophosphamide (n¼ 41). At a
median follow-up of 20.7 months, the median progression-free
survival was 5.6 months with trastuzumab and pertuzumab
versus 12.7 months with the addition of metronomic oral cyclo-
phosphamide [23].

Based on our results, a trial comparing metronomic chemo-
therapy plus trastuzumab and pertuzumab versus standard com-
binations could be desirable, mainly in specific subpopulations,
such as elderly or frail ABC patients.

The palliative purpose of treatment in ABC together with
symptoms control and maintenance of quality of life are desirable
therapy end-points
[2]. In our study, a systematic evaluation of quality of life through
Patient-Reported Outcome Measures has not be scheduled, thus
partially invalidating the potential value of our schedule. The good
tolerability resulted in satisfying patients’ health status reported on
the majority of medical records cannot be considered per se a sur-
rogate of Health-Related Quality of Life (HRQoL), a crucial end-
point of new therapeutic interventions.

In our trial, trastuzumab was delivered as biweekly schedule,
based on our previous work in which biweekly administration of
chemotherapy and trastuzumab was thought to be safer and better
tolerated than standard schedule [17]. Although the hypothesis of
an antiangiogenic effect due to frequent administration of
chemotherapy probably finds no basis with antiHER-2 therapies,
we decided to maintain the biweekly administration of trastuzu-
mab with metronomic chemotherapy, considering also the data of
an increased cardiac toxicity with schedule administered every 3
weeks [24].

In our study, the common RECIST 1.1 criteria were adopted to
evaluate tumor response. The classical tumor size measurements
are probably not adequate to evaluate activity of metronomic
chemotherapy. Data from a retrospective analysis showed how the
metabolic response often precedes the anatomic response mainly
in therapies including metronomic therapy. The angiogenic
dormancy effect of metronomic treatment has as a consequence
changes in morphologic characteristics slower than functional
changes, thus it is conceivable the use of different techniques (such
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as the FDG-PET) would be more appropriate [25].
Moreover, apoptotic circulating endothelial cells (CECs) have

been associated to clinical benefit in many clinical trials using
antiangiogenic agents [26]. Our study was not designed to correlate
clinical activity and clinical benefit with surrogate markers of
angiogenesis or anti-angiogenesis as previously reported in other
trials with metronomic chemotherapy. It is conceivable that
metronomic chemotherapy in ABC should gain value if reproduc-
ible prognostic or predictive biomarkers will be available in clinical
trials.

Our results are encouraging and warrant larger controlled
clinical trials designed to confirm the role of less toxic, low dose
chemotherapy protocols also in HER-2 positive breast cancer, even
considering that an increasing number of patients will be more
deeply pre-treated in early setting with antiHER-2 therapies.
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