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Abstract. The survival of patients with metastatic breast 
cancer (MBC) has not improved, despite recent advances in 
therapeutic strategies. This is mainly due to the fact that cyto-
toxic agents cannot be administered over a long period, even 
if they exhibit favorable activity, due to treatment‑related side 
effects or acquisition of tumor resistance to the administered 
agents. Thus, the development of therapeutic strategies that 
may be used over a long time period is required to improve 
survival. We assessed the availability and clinical outcomes 
of metronomic chemotherapy, which is defined as continuous 
or frequent treatment with low doses of cytotoxic drugs. A 
total of 80 patients with MBC received chemotherapy in the 
metastatic setting, and the clinicopathological factors and 
clinical outcomes were retrospectively compared between 
52 patients who received metronomic regimens and 28 patients 
who received other cytotoxic regimens. As regards clinical 
outcomes, the median time‑to‑treatment failure (TTF) and 
overall survival (OS) were significantly longer in the metronomic 

group compared with those in the non‑metronomic group (TTF, 
15 vs. 4 months, P=0.0001; and OS, 53 vs. 28 months P=0.0012, 
respectively). In the metronomic group, none of the 18 patients 
who responded to the regimen had triple‑negative (TN) cancer 
(17 had luminal‑type tumors and 1 had a human epidermal 
factor receptor 2‑type tumor). Furthermore, TTF and OS were 
significantly longer in patients with non‑TN cancer compared 
with those in patients with TN cancer in the metronomic group 
(TTF, 16 vs. 7 months, P=0.0014; and OS, 108 vs. 20 months, 
P=0.000007, respectively). The proportion of patients who 
experienced treatment‑related adverse events was significantly 
lower in the metronomic group compared with that in the 
non‑metronomic group (36.5 vs. 61.5%, respectively; P=0.038). 
In conclusion, metronomic chemotherapy is a viable option 
for luminal‑type MBC in terms of effectiveness and minimal 
toxicity, regardless of metastatic sites or prior treatment. 
However, an alternative treatment is required for TN cancer.

Introduction

Breast cancer has a relatively favorable prognosis compared 
with the prognosis of other cancers, such as lung, colon, 
ovarian and pancreatic cancers. The survival of patients 
with primary breast cancer has significantly improved 
due to recent advances in therapeutic strategies. However, 
the treatment of metastatic breast cancer (MBC) has 
not improved significantly and the outcomes remain 
unsatisfactory. Although anthracyclines and taxanes are the 
representative agents used as standard chemotherapy in the 
adjuvant setting, these agents have also been used in several 
cases of MBC  (1‑4) and selecting therapeutic regimens 
in this setting may be difficult for physicians. In cases of 
hormone‑insensitive tumors, or cases of hormone‑sensitive 
tumors that exhibit resistance to endocrine therapy, cytotoxic 
agents that have not been previously administered, or 
taxanes in combination with molecular‑targeted agents, are 
potential candidates (4‑9). Recently, taxanes in combination 
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with bevacizumab, which targets the tumor vasculature to 
reduce blood supply to the tumors (7‑9), or eribulin, which 
is an analogue of halichondrin B targeting tubulin in tumor 
cells, have demonstrated favorable efficacy in improving 
the prognosis of patients with MBC (10). While a number 
of these available cytotoxic agents have been shown to 
exert a suppressive effect on tumor growth, their effects 
are not maintained for a long period, due to the acquisition 
of resistance to these agents by the tumor cells, attenuated 
physical status of the patients or intolerable treatment‑related 
adverse effects. Thus, to prolong the survival of the patients 
with MBC, alternative therapeutic strategies are required 
to achieve a long‑term response or enable long‑term 
administration of the regimens.

We previously reported that the administration of 
one therapeutic regimen for ≥1 year was one of the most 
important factors for long‑term survival in the metastatic 
setting (11). We also demonstrated that more MBC patients 
who survived for ≥60 months following MBC diagnosis had 
received metronomic chemotherapy, compared with patients 
exhibiting shorter survival (12). Metronomic chemotherapy, 
which is defined as continuous or frequent treatment with 
low doses of anticancer agents, is commonly used as pallia-
tive care in patients who have been heavily pretreated with 
cytotoxic drugs or who have poor performance status (13). 
Interestingly, metronomic chemotherapy used for palliation 
has been reported to result in favorable tumor responses 
and prolonged survival of the treated patients  (14‑17). 
Metronomic chemotherapy may be continued over a long 
period of time due to its minimal toxicity. However, this 
strategy has not been investigated in detail in terms of its 
mechanism of action, outcome and toxicity. The aim of this 
study, was to compare the clinicopathological characteris-
tics and clinical outcome between patients with MBC who 
received metronomic chemotherapy and those who received 
non‑metronomic regimens.

Patients and methods

Patients. Data from 80 patients with advanced or recurrent 
breast cancer, who were treated with chemotherapeutic regi-
mens at Kagawa University Hospital from February, 2005 to 
June, 2014, were retrospectively analyzed. To assess the useful-
ness of metronomic chemotherapy in the metastatic setting, the 
patients were divided into two groups according to whether they 
had received metronomic chemotherapy as treatment for MBC. 
The metronomic group included 52 patients who had received 
metronomic regimens at least once in the metastatic setting, 
and the non‑metronomic group, which included 28 patients 
who had not received a metronomic regimen but had received 
other cytotoxic agents. The metronomic regimens included 
capecitabine (1,800 mg̸body̸day) alone or in combination 
with cyclophosphamide (100 mg̸body̸day) administered in 
cycles of 14 consecutive days repeated at 3‑week intervals, 
or TS‑1 (100  mg̸body̸day) alone or in combination with 
cyclophosphamide (100 mg̸body̸day) administered in cycles 
of 14 consecutive days repeated at 3‑week intervals. For some 
patients with hormone‑sensitive tumors, endocrine therapy 
consisting of either tamoxifen, letrozole or exemestane, was 
added to the metronomic regimen at the physician's discretion. 

For patients with human epidermal factor receptor 2 (HER2)‑
overexpressing tumors, trastuzumab was added to the metro-
nomic regimen.

The present study was in compliance with the guidelines 
of the Ethics Committee of Kagawa University Hospital and 
conformed to the provisions of the Declaration of Helsinki 
in 1995. All the study patients provided written informed 
consent.

Evaluation of therapeutic efficacy. Tumor response was 
assessed by physical examination and computed tomog-
raphy, magnetic resonance imaging or bone scan, according 
to the Response Evaluation Criteria in Solid Tumors  (18), 
every 2‑3 months during treatment. Complete response (CR) 
was defined as the absence of evidence of disease, partial 
response (PR) was defined as a reduction in the product of the 
two largest perpendicular diameters of the target lesions by 
≥50%, and progressive disease (PD) was defined as an increase 
in tumor size by ≥25%, or presence of a new lesion. Clinical 
response that did not meet any of the abovementioned defini-
tions was classified as stable disease (SD). CR and PR were 
defined as objective response. CR, PR and SD were defined 
as disease control rate (DCR), and CR, PR and SD observed 
for ≥6 months were defined as clinical benefit rate (CBR). 
The clinical outcomes examined in this study included 
time‑to‑treatment failure (TTF), defined as the duration from 
initiation to discontinuation of treatment, time‑to‑progres-
sion (TTP), defined as the duration from initiation of treatment 
to disease progression or death from any cause, and overall 
survival (OS), defined as the duration from initiation of treat-
ment to death from any cause. Toxicity was assessed according 
to the National Cancer Institute Common Toxicity Criteria, 
version 3.0 (19). For patients who had received ≥2 cytotoxic 
regimens for MBC, survival time was calculated from the 
administration of the first metronomic regimen in the metro-
nomic group, or the most effective cytotoxic regimen in the 
non‑metronomic group.

Statistical analysis. The by Mann‑Whitney U  test or the 
standard Chi‑square test were used for comparisons between 
the two groups. The effects of baseline characteristics, clinical 
response or prognostic parameters on the risk of progres-
sion or death were assessed using the Kaplan‑Meier survival 
analysis and the log‑rank test of significance. A 95% confi-
dence interval for the median of each variable was computed 
using the method of Brookmeyer and Crowley. P<0.05 was 
considered to indicate statistically significant differences; 
all P‑values were two‑sided. The SPSS statistical software 
system, version 23 (SPSS Inc., Tokyo, Japan) was used for all 
calculations.

Results

Baseline characteristics of the patients. The median age of the 
patients was 59 years (range, 32‑82 years). Hormone‑sensitive 
and HER2‑overexpressing tumors accounted for 59.0 and 
21.9% of the cases, respectively (Table I). When the clinico-
pathological characteristics were compared between patients 
who had received metronomic regimens and those who had 
received a non‑metronomic regimen, the median age was 
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significantly higher and the tumor grade was significantly 
lower in the metronomic group compared with those in the 
non‑metronomic group (age, 60 vs. 52 years, P=0.0013; and 
tumor grade, 2 vs. 3, P=0.025, respectively). The number of 
chemotherapy regimens administered prior to the metronomic 
regimen, or of other cytotoxic regimens that achieved the 
best response among regimens that patients had received 
in the metastatic setting, was higher in the metronomic 
compared with the non‑metronomic group (3 vs. 2, respec-
tively; P=0.0018). Other baseline characteristics, including 
disease‑free interval (DFI), number of disease sites, hormone 
receptor and HER2 status of the tumor, prior anthracycline or 
taxane treatment and the proportion of patients with visceral 
lesions, did not differ significantly between the two groups.

Efficacy of treatment and clinical outcomes. When clinical 
outcomes were compared between patients who had received 
metronomic regimens and those who had received a non‑metro-
nomic regimen, overall response rate (ORR), CBR or DCR 
did not differ between the two groups (Table II). However, 
the median TTF, TTP and OS were significantly longer in the 

metronomic group compared with those in the non‑metronomic 
group (TTF, 15 vs. 4 months, P=0.0001; TTP, 20 vs. 5 months, 
P=0.014; and OS, 53 vs. 28 months, P=0.0012, respectively; 
Table II and Fig. 1). The OS from the time of MBC diagnosis 
also appeared to be significantly longer in the metronomic 
group (P=0.0003). Therefore, metronomic regimens were asso-
ciated with a significantly more favorable prognosis in MBC, 
regardless of the tumor response to treatment.

To identify the factors responsible for the favorable 
clinical outcome with metronomic regimens, clinicopatho-
logical factors and clinical outcomes were compared between 
patients who responded to metronomic regimens and 
non‑responders. All but one of the patients who responded 
to metronomic regimens had hormone‑sensitive tumors, 
whereas patients with hormone‑sensitive tumors accounted 
for <50% of the patients who failed to respond to this regimen 
(94.4  vs.  47.1%, respectively, P=0.0008; Table  III). One 
patient without luminal‑type tumor who responded to the 
metronomic regimen had an HER2‑overexpressing tumor. 
Of note, none of the patients with TN tumors responded 
to metronomic regimens. Other factors, such as age, tumor 

Table I. Clinicopathological characteristics of patients who received metronomic regimens and those who received other regimens.

		  Patients receiving	 Patients not
Characteristics	 All patients	 METb	 receiving MET	 P‑value

Patient no.	 80	 52	 28
Age, years	 59 (32‑82)	 60 (40‑81)	 51 (32‑82)	 0.0013
Tumor grade	 2 (1‑3)	 2 (1‑3)	 3 (1‑3)	 0.025
DFI, months	 37 (3‑24)	 42 (10‑241)	 37 (3‑128)	 0.201
Disease sites, n	 2 (1‑6)	 2 (1‑6)	 2 (1‑6)	 0.869
Visceral lesions, %	 56.2	 53.8	 57.7	 0.75
AT pretreatment, %	 40.7	 39.2	 42.3	 0.872
Hormone‑sensitive tumors, %	 59	 63.5	 50	 0.258
HER2‑overexpressing tumors, %	 21.9	 23.4	 19.3	 0.743
Triple‑negative tumors, %	 30.8	 25	 42.3	 0.121
Chemotherapy cycles for BC, n	 4 (1‑7)	 4 (1‑7)	 3 (1‑5)	 0.034
Chemotherapy cycles for MBC, n	 3 (1‑7)	 3 (1‑7)	 2 (1‑4)	 0.0018

Values are presented as median (range). Bold print indicates statistical significance. MET, metronomic regimen; DFI, disease‑free interval; 
AT, anthracyclines and taxanes; HER2, human epidermal growth factor receptor 2; BC, breast cancer; MBC, metastatic breast cancer.

Table II. Clinical outcomes of patients who received and those who did not receive metronomic regimen.

Outcomes	 Patients receiving MET	 Patients not receiving MET	 P‑value

Response rate, %	 36	 52	 0.167
Clinical benefit rate, %	 68	 53.8	 0.368
Disease control rate, %	 74	 61.5	 0.346
Median TTF, months	 15	 4	 0.0001
Median TTP, months	 20	 5	 0.014
Median OS, months 	 53	 28	 0.0012
Median OS from MBC, months	 103	 30	 0.0003

MET, metronomic regimen; TTF, time‑to‑treatment failure; TTP, time‑to‑progression; OS, overall survival; MBC, metastatic breast cancer.
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grade, DFI, HER2 status of the tumor and prior treatment, 
did not differ significantly between the two groups. When 
comparing clinical outcomes between patients who responded 
and those who did not respond to a metronomic regimen, all 
prognostic factors, i.e., TTF, TTP and OS, were significantly 
longer in responders compared with non‑responders (TTF, 

33 vs. 9 months, P=0.0002; TTP, 41 vs. 11 months, P=0.0023; 
and OS, not reached vs. 30 months, P=0.00002, respectively; 
Table IV). These data suggested that a favorable response 
to a metronomic regimen is an important prognostic factor 
and that patients with TN cancer are unlikely to benefit from 
metronomic regimens. To confirm that patients with TN 

Table III. Comparison of clinical outcomes of patients achieving CR and those not achieving CR.

Outcomes	 Responders	 Non‑responders	 P‑value

Patient no.	 18	 34
Age, years	 59.5 (36‑82)	 60.5 (43‑81)	 0.35
Tumor grade	 1 (1‑3)	 2 (1‑3)	 0.36
DFI, months	 60 (24‑172)	 32 (10‑241)	 0.61
Disease sites, n	 2 (1‑5)	 2 (1‑6)	 0.328
Visceral lesions, %	 55.5	 52.9	 0.859
AT pretreatment, %	 44.4	 38.2	 0.667
Hormone‑sensitive tumors, %	 94.4	 47.1	 0.0008
HER2‑overexpressing tumors, %	 33.3	 18.8	 0.276
Triple‑negative tumors, %	 0	 38.2	 0.0027
Chemotherapy cycles for BC, n	 3.82±1.92	 4.44±1.97	 0.25
Chemotherapy cycles for MBC, n	 3.12±1.64	 3.97±2.01	 0.1

Values are presented as median (range). Bold print indicates statistical significance. CR, complete response; DFI, disease‑free interval; AT, 
anthracyclines and taxanes; HER2, human epidermal growth factor receptor 2; BC, breast cancer; MBC, metastatic breast cancer.

Figure 1. Clinical outcomes of patients who received a metronomic regimen and of those who did not receive this type of regimen. (A) Time‑to‑treatment 
failure (TTF); (B) time‑to‑progression (TTP); and (C) overall survival (OS).
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tumors did not benefit from metronomic regimens, baseline 
characteristics and clinical outcomes were compared between 
patients with TN tumors and those with non‑TN tumors in the 
metronomic group. The median age was significantly higher 
and DFI was shorter in patients with TN tumors compared 

with non‑TN tumors (age, 70 vs. 60 years, P=0.015; and DFI, 
63 vs. 23 months, P=0.0002, respectively; data not shown). 
Other baseline characteristics did not differ between patients 
with TN and those with non‑TN tumors. Patients with 
non‑TN tumors (luminal‑type tumors accounting for 94% of 

Table V. Clinical outcomes of patients with TN cancer and those with non‑TN cancer following metronomic chemotherapy.

Outcomes	 Non‑TN	 TN	 P‑value

Response rate, %	 47.4	 0	 0.0026
Clinical benefit rate, %	 76.3	 38.5	 0.0042
Disease control rate, %	 81.6	 53.8	 0.036
Median TTF, months	 16	 7	 0.0014
Median TTP, months	 24	 8	 0.0002
Median OS, months	 67	 16	 0.0000007
Median OS from MBC, months	 108	 20	 0.00000002

Bold print indicates statistical significance. TN, triple-negative; TTF, time‑to‑treatment failure; TTP, time‑to‑progression; OS, overall survival; 
MBC, metastatic breast cancer.

Table IV. Clinical outcomes of patients who responded and those who did not respond to metronomic chemotherapy.

Outcomes	 Responders	 Non‑responders	 P‑value

Response rate, %	 100	 0
Clinical benefit rate, %	 100	 47.1	 0.0002
Disease control rate, % 	 100	 58.8	 0.0023
Median TTF, months	 33	 9	 0.00002
Median TTP, months	 41	 11	 0.000008
Median OS, months	 Not reached	 30	 0.00002
Median OS from MBC, months	 Not reached	 40	 0.0033

Bold print indicates statistical significance. TTF, time‑to‑treatment failure; TTP, time‑to‑progression; OS, overall survival; MBC, metastatic 
breast cancer.

Table VI. Adverse events in patients who received metronomic regimens and in those who did not receive this type of regimen.

Adverse events	 Patients receiving MET (n=52)	 Patients not receiving MET (n=26)	 P‑value

Any grade, n (%)	 19 (36.5)	 16 (61.5)	 0.0376
Grade 3/4, n (%)	 10 (19.2)	 11 (42.4)	 0.0314
  Leukopenia	 7	 5
  Cystitis	 1a	 -
  Febrile neutropenia	 1	 -
  Thrombocytopenia	 1a	 -
  Hand-foot syndrome	 -	 1
  Heart failure	 -	 1a

  Neuropathy	 -	 1a

  Pneumonia	 -	 1a

  Proteinuria	 -	 1
  Anorexia	 -	 1a

aLeading to treatment discontinuation. Bold print indicates statistical significance. MET, metronomic chemotherapy.
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the non‑TN tumors) were able to benefit significantly from 
metronomic regimens: ORR, 47.4%; TTP, 24 months; and 
OS >5 years (Table V). By contrast, patients with TN tumors 
are unlikely to benefit from such regimens, as they are not 
expected to survive for >2 years.

Adverse events. To assess the toxicity of the treatment, treat-
ment‑related adverse events were compared between patients 
who received metronomic regimens and those who did not 
receive this type of regimen. The proportion of patients with 
severe adverse events (grades 3 and 4) was significantly lower 
in the metronomic group compared with that in the non‑metro-
nomic group (19.2 vs. 42.2%, respectively, P=0.0314; Table VI). 
In the metronomic group, 10 cases with severe adverse events 
included 7 cases of leukopenia, 1 case of febrile neutropenia, 
1 case of hemorrhagic cystitis and 1 case of thrombocytopenia. 
In the non‑metronomic group, 11 cases of severe adverse events 
included 5 cases of leukopenia, 1 case of hand‑foot syndrome, 
1 case of congestive heart failure, 1 case of neuropathy, 1 case 
of pneumonia, 1 case of proteinuria and 1 case of anorexia. 
Of the severe adverse events, 2 in the metronomic and 4 in 
the non‑metronomic group led to discontinuation of treat-
ment (Table VI). The proportion of patients with any grade of 
treatment‑related adverse events was significantly lower in the 
metronomic group compared with that in the non‑metronomic 
group (36.5 vs. 61.6%, respectively; P=0.0376).

Discussion

As chemotherapy agents used in the adjuvant setting, anthra-
cyclines and taxanes are included in standard regimens, 
based on abundant evidence from a number of clinical trials 
over the past several decades, showing significant reduction 
in the risk of relapse or death from breast cancer (1‑3). By 
contrast, there is no standard regimen recommended in the 
metastatic setting. In cases with life‑threatening metastatic 
lesions or rapidly growing tumors, regimens that are expected 
to control lesions quickly, such as simultaneous administra-
tion of taxanes and anthracyclines, or taxanes in combination 
with either gemcitabine, capecitabine or bevacizumab, should 
be applied (4‑9,20‑23). However, a proportion of the patients 
exhibit disease progression during or after receiving these 
cytotoxic regimens, even if favorable combinations are 
selected. We previously demonstrated that long‑term admin-
istration of one regimen was crucial for long‑term survival of 
patients with MBC (11). To prolong the duration of treatment 
or TTF, chemotherapeutic regimens that are effective but less 
toxic are required.

Metronomic chemotherapy, which is defined as 
continuous or frequent treatment with low doses of anti-
cancer agents, has been reported to result in favorable 
tumor responses and prolonged survival  (13). We previ-
ously reported that the proportion of patients who received 
a metronomic regimen as the most effective regimen was 
two‑thirds of the long‑term survivors (65.3%), who survived 
for ≥50 months after diagnosis with MBC, which was double 
that of the non‑long‑term survivors, who succumbed to the 
disease within 50 months (12). The mechanisms of inhibition 
of tumor growth by metronomic chemotherapy remain to be 
determined. Administration of low doses of cytotoxic agents 

is not expected to cause potent cytotoxic activity against 
tumor cells. However, metronomic chemotherapy has been 
shown in a preclinical study to elicit anti‑angiogenic effects, 
abrogating tumor growth (14). Therefore, this treatment may 
continue to suppress tumor growth over a long period. In the 
present study, we aimed to identify a population of patients 
who may benefit from metronomic chemotherapy by retro-
spectively comparing baseline characteristics and clinical 
outcomes of patients with MBC who had been treated with 
metronomic regimens and those of patients who had been 
treated with non‑metronomic regimens.

Among the baseline characteristics assessed in this study, 
median age was significantly higher, tumor grade was lower 
and the number of prior cytotoxic regimens was higher in the 
metronomic group compared with those in the non‑metro-
nomic group (Table  I). The data suggest that metronomic 
regimens tended to be administered to patients who were 
elderly or had attenuated physical status, or to patients who 
had been heavily pretreated. As regards clinical outcome, all 
prognostic parameters (TTF, TTP and OS) after metronomic 
regimens or after the most effective of the cytotoxic regimens 
that patients had received, were significantly prolonged in the 
metronomic group compared with those in the non‑metronomic 
group (Table II). By contrast, ORR did not differ significantly 
between the two groups. These data suggest that long‑term 
treatment by one regimen is an important factor responsible 
for favorable prognosis, rather than temporary tumor response 
to different agents. In addition, the data suggest that good 
tumor responses to potent cytotoxic agents that have toxic 
side effects may not result in favorable outcomes in patients 
with MBC. Furthermore, we compared the clinical outcomes 
of patients who responded to metronomic regimens and 
those of patients who did not respond, in order to determine 
whether tumor response to metronomic regimens is required 
for favorable prognosis. All the prognostic factors assessed 
were found to be significantly better in responders compared 
with non‑responders (Table IV). Moreover, survival time from 
MBC diagnosis was significantly prolonged in responders 
compared with that in non‑responders, regardless of treat-
ment line of the regimen for MBC. It was noted that almost 
all patients (94.4%) who responded to metronomic regimens 
had hormone‑sensitive luminal‑type tumors (Table III). By 
contrast, none of patients with TN tumors responded to this 
type of regimen. A comparison of clinical outcomes between 
patients with non‑TN tumors and patients with TN tumors in 
the metronomic group revealed that all prognostic factors, 
including TTF, TTP and OS, were significantly prolonged in 
patients with non‑TN tumors compared with those in patients 
with TN tumors (Table V). These data suggest that metronomic 
regimens may be indicated for luminal‑type breast cancer, but 
not for TN breast cancer.

As described above, not only long‑term treatment with one 
regimen, but also a less toxic regimen, is crucial for favorable 
prognosis in MBC. The proportion of patients who experienced 
treatment‑related adverse events was significantly lower in the 
metronomic group compared with that in the non‑metronomic 
group (36.5 vs. 61.5%, respectively; Table VI). Furthermore, 
serious grade 3/4 adverse events were less frequently observed 
in the metronomic compared with the non‑metronomic group 
(19.2  vs.  42.4%, respectively). The results suggested that 
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metronomic chemotherapy is less toxic and more tolerable in 
heavily pretreated patients with MBC.

In conclusion, metronomic regimens demonstrated favor-
able activity and minimal toxicity in patients with MBC, 
regardless of prior treatment, treatment line and disease sites. 
In particular, this type of regimen is indicated for patients with 
luminal‑type breast cancer and results in long‑term survival, 
particularly in responders. However, since a metronomic 
regimen is unlikely to be effective in patients with TN tumors, 
alternative therapeutics are required for this subpopulation.
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