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Abstract
Purpose This study was designed to determine the safety and clinical efficacy of metronomic chemotherapy combined with 
aromatase inhibitors (AIs) for hormone receptor (HR)-positive advanced breast cancer (ABC) patients who cannot tolerate 
conventional-dose chemotherapy.
Methods Postmenopausal patients with HR-positive ABC, who exhibited disease progression after first-line AIs treatment 
and who could not tolerate or rejected conventional chemotherapy, were enrolled in this study. Patients received capecit-
abine 500 mg PO TID (could be reduced to 500 mg QD in case of adverse effects) and exemestane 25 mg QD (after PD 
with letrozole) or letrozole 2.5 mg QD (after PD with exemestane). The primary endpoints were safety and tolerance, the 
secondary endpoints were objective response rate (ORR), clinical benefit rate (CBR), progression-free survival (PFS), and 
time to treatment failure (TTF).
Results In our analysis of 44 patients, the median age was 64 years (range 38–90) and 68.2% patients had at least two recur-
rences or metastatic lesions. Grade 3 toxicities (hand–foot syndrome) were observed only in 4 of the patients. Most patients 
exhibited no or mild toxicities. After a median follow-up of 14.8 months, ORR was 70.5%, CBR—77.3%, PFS—16.2 months, 
and TTF—14.4 months.
Conclusions Metronomic oral capecitabine combined with AIs showed good efficacy, minimal toxicities, and good toler-
ance in HR-positive patients with ABC. It is a potential treatment option especially for postmenopausal HR-positive ABC 
patients in poor general condition who cannot tolerate conventional chemotherapy. Trial registration: Clinicaltrials.gov 
NCT01924078.

Keywords Advanced breast cancer · Hormone receptors positive breast cancer · Metronomic chemoendocrine therapy · 
Aromatase inhibitors · Capecitabine · Endocrine resistance

Abbreviations
PO TID  Ter in die per os; 3 times a day per oral
QD  Quaque die; every day
PD  Progression of the disease

Introduction

Hormone receptor (HR)-positive breast cancer is the most 
common type of breast cancer [1]. Endocrine therapy, 
including anti-estrogens and aromatase inhibitors (AIs), has 
been the mainstay of treatment for women with HR-positive 
breast cancer. However, some of these patients exhibit de 
novo resistance to endocrine treatment, while even more 
patients may eventually develop acquired resistance, lead-
ing to disease recurrence. While the exact mechanisms of 
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endocrine resistance have yet to be discovered, some drugs 
that reverse endocrine resistance have been already devel-
oped, such as everolimus for aromatase inhibitor-resistant 
disease [2] and the cyclin-dependent kinase 4/6 (CDK 4/6) 
inhibitor palbociclib [3]. Vascular endothelial growth factor 
(VEGF)-induced tumor angiogenesis may be an important 
factor leading to the failure of first-line or second-line hor-
monal therapy in HR-positive breast cancer [4, 5]. Metro-
nomic chemotherapy (MC), a regimen of low-dose, continu-
ous, and uninterrupted chemotherapy, is another treatment 
option that has been gaining increased attention in the recent 
years, considering its important advantages (low toxicity 
profile, sufficient efficacy, and cost-effectiveness for public 
health application) [6–10]. Its main mechanisms of tumor 
suppression are supposed to be inhibition of the activation 
of tumor-associated vascular endothelial cells and bone 
marrow-derived endothelial progenitor cells, inhibition of 
pro-angiogenic factors (such as VEGF), and promotion of 
anti-angiogenic factors and angiostatin generation. These 
effects result in the reduction of the microvessel density, 
leading to decrease of the oxygen supply and nutritional 
support of the tumor [6, 11–13]. Clinical studies have dem-
onstrated that patients with metastatic breast cancer can ben-
efit from metronomic chemotherapy and suffer no severe 
adverse effects; MC is well tolerated and results in good 
compliance. For example, the ORR was 33% and CBR 67% 
for patients enrolled in VICTOR-1 (metronomic vinorel-
bine plus capecitabine) study [14]; the clinical benefit rate 
(complete response, partial response, and stable disease) was 
31% in patients that received combination of metronomic 
methotrexate and cyclophosphamide [15]; CBR was 42% for 
patients subjected to combination of metronomic docetaxel, 
capecitabine with concurrent celecoxib [16]. MC often uses 
oral medications which best embody the desired pharma-
cokinetic characteristics and offers convenient, safe, and reli-
able dosing for patients. For some frail patients or those with 
severe systemic diseases that cannot tolerate conventional-
dose chemotherapy, MC may be one of the choices for these 
patients to overwhelm their endocrine resistance.

Moreover, combination of third-generation aromatase 
inhibitors with metronomic chemotherapy can improve 
considerably the overall response rate (by 15.8–21.7%) of 
aromatase inhibitors and can significantly decrease the pro-
liferation index Ki-67 index as well as the VEGF-A level in 
the tumor tissue [4, 17]. In detail, the ORR was 71.9% in the 
patients that received letrozole versus 87.7% in the patients 
assigned to receive letrozole plus metronomic cyclophos-
phamide [17].

The consideration about preference of the concomitant 
over sequential application of chemotherapy and endocrine 
agents began in the 1970s and it is still under discussion [18, 
19]. Former studies revealed a controversy in the advantages 
of concomitant versus sequential chemo- and antiestrogen 

therapies [20], whereas later clinical trials showed no signifi-
cant difference in the benefits using concurrent or sequen-
tial chemo- and hormone therapies [21]. Other researchers 
found sequential treatment as more effective [22], while 
other investigators found a considerable survival advantage 
of the combined chemoendocrine therapy of postmenopausal 
patients with estrogen receptor-positive tumors [23]. There-
fore, the query about the priority of concurrent over sequen-
tial chemo- and antiestrogen therapies should be studied fur-
ther in order to clarify whether the concurrent treatment can 
provide better objective response rate and response duration 
values compared with the sequential treatment. The potential 
detrimental consequences of the delay in the beginning of 
the powerful antiestrogen treatment in sequential chemo- 
and endocrine therapies should be also estimated for the 
ER-positive breast cancer patients.

It is noteworthy to remark that the previous chemoen-
docrine therapies have used mainly tamoxifen, which is a 
selective estrogen receptor modulator (SERM) with consid-
erable side effects (uterus cancer, thromboses, etc.), while 
the present study is devoted to combination of a cytostatic 
agent (capecitabine) with a new generation of anti-estrogens, 
called aromatase inhibitors. AIs have a different mechanism 
of action compared to SERM agents. AIs are a novel class 
of drugs that suppress the biosynthesis of estrogens by inhi-
bition of the enzyme aromatase (estrogen synthase) and 
are found to have superior efficacy and safety for patients 
[24–27]. Recent comprehensive reviews about evaluation 
of the concurrent versus sequential chemo- and endocrine 
therapies of HR-positive breast cancer patients recommend 
future clinical trials to clarify this issue with special empha-
sis upon the combination of cytostatic agents with aromatase 
inhibitors as recent achievements of the modern medicine 
[28].

Capecitabine (Xeloda®) is an oral fluoropyrimidine cyto-
static drug that is widely used as first- and second-line treat-
ment for advanced breast cancer. Animal experiments have 
suggested that sustained delivery of low-dose capecitabine 
can significantly reduce the micro vessel density (MDV) 
and VEGF levels in vivo, compared with other modes of 
administration. Some clinical trials have reported that fre-
quent or continuous low-dose capecitabine exhibits good 
therapeutic activity and safety in the treatment of advanced 
breast cancer [29–31]. In addition, concomitant application 
of capecitabine plus letrozole in postmenopausal breast can-
cer xenograft models showed highly improved anti-tumor 
efficacy of both drugs, used in combination, due to additive 
or synergistic effects, which scientific result was directed for 
confirmation to future clinical trials [32].

At present, metronomic chemotherapy is used mainly 
for the rescue treatment of triple-negative breast cancer 
or HR-positive breast cancer without combination with 
endocrine therapy [33, 34]. This study is aimed to explore 
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the efficacy and safety of a synchronous treatment, includ-
ing metronomic chemotherapy with oral capecitabine in 
combination with third-generation aromatase inhibitors 
for postmenopausal HR-positive patients with locally 
advanced or metastatic breast cancer.

Materials and methods

Patients

In this study, 44 HR-positive advanced or metastatic breast 
cancer patients treated at Fudan University Shanghai Can-
cer Center (FUSCC) were enrolled from November 2010 
to May 2013 after first- or second-line hormonal therapy 
failure. The study was approved by the Fudan University 
Cancer Hospital Ethic Committee for Clinical Investiga-
tion. The study was carried out in accordance with the 
Declaration of Helsinki. All patients signed an informed 
written consent to be included in the clinical trial.

Eligible patients corresponded to the following criteria: 
postmenopausal or premenopausal women who underwent 
prior bilateral oophorectomy, histologically confirmed 
ER- and/or PR-positive, human epidermal growth factor 
receptor type 2 (HER2)-nonamplified locally advanced 
or metastatic breast cancer, refractory disease following 
letrozole or exemestane treatment. Refractory disease 
was defined as recurrence or progression of breast can-
cer during treatment or within 1 month after the end of 
treatment for advanced disease; other previous anticancer 
endocrine treatments, prior chemotherapy regimens, and 
radiotherapy for advanced disease were allowed. In each 
case, patients were required to exhibit at least one meas-
urable lesion [defined according to Response Evaluation 
Criteria in Solid Tumors version 1.1 (RECIST v1.1)] or 
lytic bone lesion in the absence of measurable disease. 
Patients were also required to have an Eastern Cooperative 
Oncology Group (ECOG) performance status of 3 or less 
(on a scale from 0 to 5, with 0 indicating that the patient 
is fully active, 1 indicating that the patient is restricted 
in physically strenuous activity but is ambulatory active 
and able to perform work of a light or sedentary nature, 2 
indicating that the patient is ambulatory and capable of all 
self-care activity but unable to work, and 3 indicating that 
the patient is capable of only limited self-care, confined 
to a bed or chair for more than 50% of waking hours, and 
exhibits adequate organ and hematologic functions). In 
addition, adequate organ and hematologic functions [35] 
and a life expectancy of at least 3 months were neces-
sary for inclusion. Exclusion criteria included a history of 
brain metastases and previous treatment with Xeloda for 
advanced disease.

Study design and treatment

In this clinical trial, phase 2, single-center, single-arm, pro-
spective study, all patients received capecitabine (Xeloda®) 
at a dose of 500 mg three times per day/daily in combina-
tion with AIs. At present, there is no standard metronomic 
capecitabine dose, however the dose of capecitabine used 
in many metronomic clinical trials has been 500 mg tid, 
500 mg bid, or 800–1200 mg/m2 per day [36–38]. In our 
study, we selected capecitabine dose of 500 mg tid, which 
was aimed at achievement of a constant therapeutical con-
centration, less toxic for the liver and kidneys. In future met-
ronomic chemoendocrine clinical trials, treatment with doses 
of capecitabine received once a day can be also explored. 
Patients who experienced refractory disease following letro-
zole treatment, received exemestane (25 mg daily), while 
those who experienced refractory disease following exemes-
tane treatment, received letrozole (1 mg daily).

The primary endpoints of this study were safety and toler-
ance, including the following criteria: (1) treatment toxicity 
classification and (2) the proportion of patients requiring 
dose reduction or early termination of the treatment. Second-
ary endpoints included: overall response rate (ORR), clini-
cal benefit rate (CBR), progression-free survival (PFS), and 
time to treatment failure (TTF). The ORR was defined as 
the proportion of the number of patients who achieved a 
complete response (CR) or partial response (PR) assessed 
by RECIST version 1.1 criteria [39]. The CBR was defined 
as the percentage of patients with CR + PR + SD ≥ 24 
weeks, determined by RECIST v. 1.1. PFS was defined as 
the time from the day when the treatment was started to 
the first evidence of progression as defined by RECIST (v. 
1.1) guidelines or to the time of death from any cause. TTF 
was defined as the time from study entry to removal from 
the study for any cause, including disease progression, drug 
toxicity, or refusal of further therapy.

Treatment was continued until either disease progres-
sion, development of unacceptable toxicity, or withdrawal 
of consent. The protocol provided detailed guidelines for 
dose interruptions or reductions of Xeloda in case of adverse 
events. In such cases, two reductions of the Xeloda dose 
were permitted: an initial reduction to 500 mg twice per day 
and a subsequent reduction to 500 mg daily. AIs were not 
applied with reduction of the doses.

The trial was registered in ClinicalTrials.gov (identifier 
NCT01924078) at the U.S. National Institutes of Health.

Efficacy and safety assessments

Tumor assessment included computed tomography (CT) 
scanning, magnetic resonance imaging (MRI), or ultrasound 
examination that were performed at baseline of the treat-
ment and every 8 weeks until disease progression. A bone 
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scan or skeletal survey was required within 4 weeks before 
starting metronomic therapy. Abnormalities revealed by 
the bone scans were assessed by either X-ray, CT scanning 
with bone windows, or MRI before beginning of the met-
ronomic therapy and were assessed using the same method 
every 8 weeks. Hematologic function, biochemical analyses, 
and vital signs were assessed at baseline of the treatment 
and at each visit. Adverse events were monitored continu-
ously throughout the study and graded according to National 
Cancer Institute Common Terminology Criteria for Adverse 
Events, version 4.0.

Statistical analysis

Patient data were recorded as numbers and percentages, and 
were quantitatively described as medians with minimum and 
maximum values. PFS and TTF were measured from the 
starting date of the treatment to the date of progression or to 
the date of last follow-up due to death or withdrawal, respec-
tively. PFS and TTF were assessed using the Kaplan–Meier 
product limit estimate method. Graphs were created using 
GraphPad Prism software, version 5.01 (GraphPad Software, 
Inc.).

Results

Patients

A total of 44 patients were enrolled and assigned to treat-
ment with the combination of Xeloda and AIs: 23 patients 
received exemestane and 21 patients received letrozole. The 
patients’ median age was 64 years, and the maximum age 
was 90 years. The patients’ baseline characteristics are pre-
sented in Table 1. There was 1 premenopausal woman with 
a bilateral oophorectomy and 43 postmenopausal patients. 
Twenty-two patients (50.0%) exhibited two or more sys-
temic diseases (hypertension, diabetes, cerebral infarction, 
myocardial infarction, renal insufficiency), and 30 patients 
(68.2%) exhibited at least two metastatic sites or recurrence. 
Twenty-five patients (56.8%) experienced prior failure of the 
first-line endocrine therapy; 8 patients (18.2%) received the 
combined therapy as first-line rescue treatment, including 
newly diagnosed advanced breast cancer patients (3 patients) 
or patients who failed in adjuvant endocrine therapy (5 
patients); 11 patients (25%) received multi-line chemother-
apy prior to enrollment in this study (Table 1). 36 patients 
(81.8%) have received prior adjuvant endocrine therapy, and 
27 patients (61.4%) have received previous adjuvant chemo-
therapy. Median length of the treatment follows up was 14.8 

months, during which no patient was lost to follow-up of the 
treatment.

Safety and tolerance

The observed treatment-related toxicities were evalu-
ated in all 44 patients, as presented in Table 2. The most 
common adverse event was hand–foot syndrome (19 
patients, 43.2%), where 4 patients (9.1%) exhibited grade 
3 hand–foot syndrome, and no patients exhibited grade 
4 hand–foot syndrome. One patient suffered from bone 
fracture, and cerebral infarction occurred in 1 patient. 
All other adverse events were either grade 1 or 2 and did 
not exceed grade 3. Treatment reductions due to adverse 
events occurred in 2 patients (4.5%): The first patient was 
a 51-year-old female, whose capecitabine dosage was 
reduced to 500 mg twice per day, at 18 months after ini-
tiation of the metronomic chemotherapy, due to grade 3 
hand–foot syndrome. Her symptoms were relieved after 
dose reduction. The second patient was a 76-year-old 
female, whose capecitabine dosage was reduced to 500 mg 
twice per day, at 1 month after initiation of the metro-
nomic chemotherapy due to soreness/numbness and dry 
skin, in both lower extremities. The reduced dose was con-
tinued until detection of progression of the disease. Treat-
ment discontinuation due to adverse events occurred in 1 
patient (2.3%). Thus, treatment-related toxicities were gen-
erally modest and manageable. Almost all patients (95.5%) 
attended regularly the follow-up appointments and regu-
larly took their medications, no patients were lost during 
follow-up—all these facts indicated that patient compli-
ance and tolerance were sufficient.

Table 1  Patient characteristics at the baseline of the treatment

a Total number of the patients—44; Median age of the 
patients—64 years (range 38–90)
b Systemic diseases: hypertension, diabetes, cerebral infarction, myo-
cardial infarction, renal insufficiency, etc

Status of the  patientsa Patients number (%)

Two or more systemic  diseasesb 22 (50.0)
Recurrence and metastasis 37 (84.1)
 Liver 8 (21.6)
 Lung 18 (48.6)
 Bone 22 (59.5)
 Local recurrence 25 (67.6)
 2 sites of recurrence and metastasis 14 (37.8)
 ≥ 3 sites of recurrence and metastasis 16 (43.2)

First-line endocrine therapy failure 25 (56.8)
First-line rescue therapy 8 (18.2)
Multi-line chemotherapy 11 (25.0)
ECOG score ≤ 2 38 (86.4)
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Efficacy

After a median follow-up period of 14.8 months (range 
1.0–63.9 months), all 44 patients were enrolled in the pre-
liminary efficacy analysis. The overall objective response 
rate (ORR) was 70.5%, the clinical benefit rate (CBR) was 
77.3%, and the median PFS was 16.2  months (95% CI 
6.24–26.17), as shown in Fig. 1a. The median TTF was 
14.4 months (95% CI 7.25–21.55), as shown in Fig. 1b. 
Two patients have been treated by the combined therapy for 
more than 5 years (one patient with bone and liver metas-
tasis, the other one with bone metastasis). For the patients 
treated in our study after previous multi-line chemotherapy, 
the median PFS was 18.0 months (Fig. 1c), the median TTF 
was 15.3 months (Fig. 1d). For the patients treated after prior 
endocrine therapy, the PFS was 16.2 months and the median 
TTF was 9.6 months (Fig. 1c, d, resp.). There was no signifi-
cant difference in our study between the above two groups 
of patients. A comparative analysis of the PFS and TTF of 
other clinical trials concerning famous drugs that reverse 
endocrine resistance in breast cancer patients is presented 
in Table 3.

Discussion

For postmenopausal women with hormone receptor-posi-
tive breast cancer, the third-generation aromatase inhibitors 
play an important role, as they are well tolerated by elderly 
breast cancer patients and exhibit relatively few side effects 
[40, 41]. Although breast cancer is relatively sensitive to 
chemotherapy, severe adverse effects often limit the treat-
ment, especially in elderly patients with poor overall condi-
tion, including those with severe systemic cardiovascular 
diseases. In addition, advanced breast cancer patients often 
suffer from cachexia, and many of them are unable to toler-
ate conventional chemotherapy; therefore, they must choose 
to cease, reduce, or suspend treatment. In recent years, met-
ronomic therapy has been gaining increased attention. With 
its low therapeutical doses, less serious side effects, and easy 
drug administration, metronomic therapy showed improve-
ment of the patient tolerability and compliance. In our study, 
the majority of patients were elderly patients with multiple 
systemic diseases and even with a maximum age of 90 years, 
yet despite this most patients showed no serious adverse 
reactions during treatment. Consistent with previous reports 
[4, 15, 17], our patients showed an overall well tolerance 
and high compliance, with no patient lost during the treat-
ment. Our study and the results from several other clinical 
trials suggest that metronomic chemotherapy combined with 
aromatase inhibitors can be a promising treatment option for 
advanced postmenopausal breast cancer.

Metronomic chemotherapy resynchronization therapy 
with AIs also showed good efficacy, e.g., the overall objec-
tive response rate in our study reached 70.5%. We compared 
this metronomic chemoendocrine therapy with our results 
about metronomic chemotherapies. The response rate of the 
therapy with capecitabine plus AIs is higher than the ORR 
value, observed in a domestic research (ORR 60%), using 
500 mg capecitabine three times daily. Additionally, treat-
ment of metastatic breast cancer with capecitabine from days 
1 to 14 in combination with docetaxel (25 mg  m−2, intra-
venously, administered on days 1 and 8) for every 21 days 
resulted in a similar response rate (77.3% vs. 80%), which 
is higher than the ORR reported in the literature (16.7–34%) 
for similar metronomic chemotherapy studies with clinical 
benefit rates of 31–42% [15, 16]. This discrepancy may be 
due to the HR-positive status of the patients enrolled in our 
study. In addition, the median PFS after initial or first-line 
endocrine therapy failure was 9.6 months in our study, com-
parable to the results reported by the BOLERO-2 trial [2], 
which studied treatment with exemestane combined with 
everolimus after first-line endocrine therapy failure (PFS 
10.6 months) and PALOMA-3 trial, which studied treat-
ment with palbociclib and fulvestrant (PFS 9.5 months) 
[42]. Everolimus and palbociclib have both been shown 

Table 2  Evaluation of the treatment-related adverse events, observed 
in the patients subjected to therapy with metronomic capecitabine 
plus AIs

The treatment-related toxicities were evaluated and graded accord-
ing to National Cancer Institute Common Terminology Criteria for 
Adverse Events, version 4.0
ALP alkaline phosphatase; ALP elevation here refers to a comparison 
with the baseline values at the start of the clinical trial, e.g., when 
ALP was above the normal level at the baseline of the trial and there 
was no further increase of ALP during medication, no elevation of 
this parameter was recorded, GI gastrointestinal disorders: diarrhea, 
nausea, vomiting, abdominal pain, anorexia, etc

Toxicity grade 0 1 2 3 4

Hand–foot 
syndrome

25 (56.8%) 12 (27.3%) 3 (6.8%) 4 (9.1%) 0 (0%)

Hemoglobin 42 (95.5%) 2 (4.5%) 0 (0%) 0 (0%) 0 (0%)
Leukocytes 37 (84.1%) 7 (15.9%) 0 (0%) 0 (0%) 0 (0%)
Neutrophils 41 (93.2%) 3 (6.8%) 0 (0%) 0 (0%) 0 (0%)
Platelets 43 (97.7%) 1 (2.3%) 0 (0%) 0 (0%) 0 (0%)
Liver function 39 (88.6%) 4 (9.1%) 1 (2.3%) 0 (0%) 0 (0%)
ALP 44 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
GI disorders 36 (81.8%) 6 (13.6%) 2 (4.5%) 0 (0%) 0 (0%)
Urea nitrogen 41 (93.2%) 3 (6.8%) 0 (0%) 0 (0%) 0 (0%)
Creatinine 44 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Alopecia 43 (97.7%) 1 (2.3%) 0 (0%) 0 (0%) 0 (0%)
Heart 44 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Fracture 1 (2.3%)
Cerebral 

infarction
1 (2.3%)
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to be effective in reversing endocrine resistance, and it is 
intriguing to note that our results showed that metronomic 
chemotherapy combined with AIs may achieve similar effi-
cacy with less serious adverse effects. The adverse reactions 

in our treatment are lighter than those in the latter two stud-
ies. It should be considered that because of our small patient 
number range, it is not enough to prove whether the effect in 
our treatment is equivalent to the above-mentioned clinical 

A B

C D

Fig. 1  Kaplan–Meier plot of progression-free survival (PFS) and 
time to treatment failure (TTF) results of combined therapy with 
metronomic capecitabine plus AIs (a, b) in comparison with the cor-
responding PFS/TTF values after foregoing endocrine therapy or 

chemotherapy (c, d). Cap capecitabine, AI aromatase inhibitors, PFS 
progress-free survival, TTF time to treatment failure, 95% CI 95% 
confidence interval

Table 3  Summary of the efficacy criteria of other clinical trials, performed after different types of foregoing therapies

P log-rank test; 95% CI 95% confidence interval, PFS progress-free survival, TTF time to treatment failure, NR not reached

Drugs Metronomic capecitabine + AI PALOMA-1
Palbociclib + letrozole

BOLERO-2
Everolimus + exemes-
tane

PALOMA-3
Palbociclib + fulvestrant

Median clinical benefit 
criteria after different 
pre-treatments

PFS [months]
(95% CI)

P* TTF [months]
(95% CI)

P* PFS [months]
(95% CI)

PFS [months]
(95% CI)

PFS [months]
(95% CI)

Multi-line chemo-
therapy

18.0 (3.4–32.6) 0.57 15.3 (7.1–23.5) 0.78 – – –

Endocrine therapy 16.2 (4.6–27.9) 9.6 (0.0–20.1) – – –
First-line rescue 20.9 (0.0–57.4) 19.3 (0.0–39.5) 20.2 (13.8–27.5) – –
First-line endocrine 

therapy failure
9.6 (0.0–20.8) 8.4 (4.0–12.8) – 10.6 (9.5–NR) 9.5 (9.2–11.0)

Total 16.2 (6.2–26.2) 14.4 (7.3–21.6) – – –
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trials, considering that the combined therapy with metro-
nomic capecitabine plus AIs has fewer side effects. We need 
further clinical experiments with greater number of patients 
for confirmation of these results.

It is worthy of note that several previous studies have 
shown that conventional chemotherapy combined with 
endocrine therapy may affect the efficacy of chemotherapy 
and even the long-term clinical benefit of patients [22, 
43]. However, these studies failed to reveal advantage of 
the concurrent over sequential application of antiestrogen 
treatment (tamoxifen) and chemotherapy (epirubicin plus 
cyclophosphamide [43]; cyclophosphamide, doxorubicin, 
and fluorouracil [22]). In this connection, it should be under-
lined that these chemoendocrine studies have used a SERM 
agent (tamoxifen), while the present clinical trial explores 
the advantages of a recent generation of anti-estrogens, 
namely, aromatase inhibitors, in combination with a met-
ronomic cytostatic drug (capecitabine). AIs have different 
mechanisms of action in comparison with SERM agents and 
are found to possess superior efficacy and safety.

The results of our study showed that the efficacy of met-
ronomic chemotherapy combined with endocrine therapy 
was similar to other clinical studies concerning combination 
therapies directed to reversal of the endocrine resistance [2, 
42], which may be related to the fact that the anti-tumor 
mechanism of metronomic chemotherapy in combination 
with AIs is different from the mechanism of the conven-
tional-dose chemotherapy.

Currently, most types of the metronomic therapy consist 
of several chemotherapy drugs administered in metronomic 
dosage, metronomic chemotherapy combined with immu-
notherapy or targeted therapy [14, 44–46]. There are only 
few clinical trials of metronomic chemotherapy combined 
with endocrine therapy for HR-positive advanced breast 
cancer [17, 47]. In this regard, high therapeutical efficacy 
(overall response rate 87.7%) was achieved by treatment of 
ER-positive breast cancer patients (T2-4 N0-1) that obtained 
letrozole (AI) in combination with metronomic cyclophos-
phamide (50 mg/daily, 6 months) [17]. Recently, we reported 
a case report about high efficiency of a concomitant applica-
tion of low doses of taxanes or capecitabine with anastrozole 
(AI) for achievement of a rapid and long-lasting remission 
of advanced (pT4bpN2Mx infiltrative ductal) breast carci-
noma [48]. This case report explored feasible additive and 
synergy effects of the combination of cytostatic agents (taxa-
nes or capecitabine) with AI as achievements of the modern 
medicine [32]. The metronomic chemoendocrine therapy, 
employed in the case report, was aimed also at prevention 
of detrimental consequences, considered for the advanced 
breast cancer patient, in case of delay of the start of the 
therapy with powerful AI and cytostatic agents (if they were 
applied consequently) and needs further confirmation in 
clinical trials.

Our present study suggests that the treatment with metro-
nomic capecitabine plus AIs is highly efficient. Additional 
randomized controlled phase III clinical trials is envisaged in 
the future to explore the feasibility of the advantages of the 
metronomic chemotherapy combined with endocrine therapy, 
including combination with novel endocrine resistance revers-
ing drugs.

Conclusion

The present clinical trial is focused on the combination of met-
ronomic chemotherapy with aromatase inhibitors as achieve-
ments of the modern medicine in the treatment of breast cancer 
patients. Metronomic oral capecitabine combined with AIs 
showed good efficacy, minimal toxicities, and good tolerance 
in HR-positive patients with metastatic breast cancer. The 
combination of metronomic chemotherapy and AIs is a poten-
tial treatment option especially for postmenopausal HR-posi-
tive metastatic breast cancer patients in poor general condition 
who cannot tolerate conventional chemotherapy. Our results 
suggest that this therapeutical approach is perspective to be 
investigated in a next phase III clinical trial in response to the 
requirements of the clinical practice. Metronomic chemoen-
docrine therapy has high potential benefit in induction of long-
lasting tumor dormancy by delay and prevention of metastases 
dissemination in advanced breast cancer. In perspective, future 
clinical trials are expected to clarify also the query whether 
the efficacy of metronomic chemoendocrine therapy can be 
better therapeutical approach in comparison with chemo- or 
endocrine therapies (applied alone, in consecutive order) in 
achievement of long-lasting disease remission when applied 
at earlier stages of ER-positive breast cancer patients. Further 
scientific studies are required also to clarify whether combi-
nations of cytostatic and endocrine drugs, explored in metro-
nomic chemoendocrine therapies, exhibit synergy or additive 
antiproliferative effects aimed at more efficient prevention of 
the genesis and dissemination of metastases in breast cancer 
patients.
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