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Abstract 
Triple negative breast cancer (TNBC) accounts for 
15%-20% of all breast cancer, and is still defined as what 
it is not. Currently, TNBC is the only type of breast cancer 

for which there are no approved targeted therapies and 
maximum tolerated dose chemotherapy with taxanes and 
anthracycline-containing regimens is still the standard 
of care in both the neoadjuvant and adjuvant settings. 
In the last years, metronomic chemotherapy (MC) is 
being explored as an alternative to improve outcomes 
in TNBC. In the neoadjuvant setting, purely metronomic 
and hybrid approaches have been developed with the 
objective of increasing complete pathologic response 
(pCR) and prolonging disease free survival. These 
regimens proved to be very effective achieving pCR rates 
between 47%-60%, but at the cost of great toxicity. In 
the adjuvant setting, MC is used to intensify adjuvant 
chemotherapy and, more promisingly, as maintenance 
therapy for high-risk patients, especially those with no 
pCR after neoadjuvant chemotherapy. Considering the 
dismal prognosis of TNBC, any strategy that potentially 
improves outcomes, specially being the oral agents 
broadly available and inexpensive, should be considered 
and certainly warrants further exploration. Finally, the 
benefit of MC needs to be validated in properly designed 
clinical trials were the selection of the population is the 
key. 
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Core tip: Triple negative breast cancer (TNBC) is the only 
type of breast cancer for which there are no approved 
targeted therapies. Metronomic chemotherapy (MC) is 
being explored as an alternative to improve outcomes in 
TNBC. In neoadjuvant setting, purely metronomic and 
hybrid approaches achieve complete pathologic response 
(pCR) rates between 47%-60%, but at the cost of great 
toxicity. In the adjuvant setting, MC is used to intensify 
adjuvant chemotherapy and, promisingly, as maintenance 
therapy for high-risk patients, especially those with no 
pCR. Considering the dismal prognosis of TNBC, any 
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strategy that improves outcomes, specially being broadly 
available and inexpensive, should be considered.
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INTRODUCTION 
Triple negative breast cancer (TNBC) accounts for 
15%-20% of all breast cancer cases and is still defined as 
what it is not[1]. This entity is a molecularly heterogeneous 
and generally aggressive disease with poor survival[2]. 
Currently, TNBC is the only type of breast cancer for which 
there are no approved targeted therapies and maximum 
tolerated dose (MTD) chemotherapy with taxanes and 
anthracycline-containing regimens is still the standard 
of care in both the neoadjuvant and adjuvant settings[3]. 
Nowadays, there is no evidence that prolonging treatment 
or escalating doses confers any benefit[4]. 

In the last years, aiming to improve responses 
in TNBC and because of the lack of target therapies, 
metronomic chemotherapy (MC) has being explored. In 
the neoadjuvant setting, purely metronomic and hybrid 
(approach which includes combined MTD chemotherapy 
with MC) neoadjuvant regimes, have been developed 
with the objective of increasing pathologic complete 
response (pCR) and prolonging disease free survival 
(DFS). 

In the adjuvant setting, MC is used to intensify 
adjuvant chemotherapy and, more interestingly, as 
maintenance therapy for high-risk patients, especially 
those with no pCR after neoadjuvant chemotherapy. 

This review outlines the rationale, preclinical data 
and relevant clinical trials of MC for TNBC as a promising 
alternative in selected populations, considering it 
economic viability for our health system care. 

UNDERSTANDING METRONOMIC 
CHEMOTHERAPY
The term MC was first used by Hanahan in 2000, 
referring to the “close, regular administration of a 
chemotherapeutic drug for a long time with no extended 
drug-free breaks”[5]. It was originally conceived as 
a strategy to break resistance to chemotherapy by 
targeting the tumor vasculature instead of the tumor 
cells[5]. 

MTD-based conventional chemotherapy regimens 
aim to eliminate as many tumor cells as possible by 
causing direct or indirect damage to their DNA, and 
thus disrupting its replication in proliferating cells. 
Due to the low proliferation index of endothelial cells, 

conventional MTD chemotherapy causes very limited 
damage on them[6,7]. Moreover, as the antiangiogenic 
effect is not sustained, endothelial cells recover during 
the rest periods, supporting tumor regrowth and 
therefore contributing to tumor resistance. Using drugs 
at a low dose, decreases toxicity and allows continuous 
administration to overcome this effect[8]. It has also 
been reported that in mice with tumor resistance to MTD 
chemotherapy, exposure to the same drugs, at lower but 
frequent doses, can achieve a response[9]. 

One disadvantage of this regimen is the empiricism 
in finding the optimal “low dose” or “optimal biologic 
dose” (OBD)[10]. Shaked et al[11] have investigated 
pharmacodynamic cellular biomarkers for determining 
OBD of different metronomic regimens based in 
sustained declines in circulating VEGFR-2+ endothelial 
progenitor cells induced by prolonged daily low dose 
metronomic chemotherapy. 

In Table 1, we compare MTD chemotherapy vs MC. 
MC is considered as a multi-mechanism therapy.

Inhibition of angiogenesis
The benefit of MC is mainly attributed to its direct activity 
on the drug-sensitive tumor endothelial cells. MC has 
been shown to reduce the angiogenic potential by 
decreasing in levels and viability the sustained of bone 
marrow – derived endothelial progenitor cells, producing 
vessel normalization, increasing tumor perfusion and 
thrombospondin 1 (THBS-1) which is an antiangiogenic 
glycoprotein responsible of inhibiting the circulating 
endothelial cell[12,13]. 

In animal models, it has been demonstrated that low 
dose cyclophosphamide induces apoptosis in endothelial 
cells of the tumor microvasculature, compromising DNA 
repair processes, and therefore inducing a prolonged 
antiangiogenic effect[8]. Also, Browder et al[14] showed 
metronomic cyclophosphamide (CTX) was effective 
against drug-resistant lung and breast carcinoma cell 
lines.

Activation of immunity
It is a well-known fact that tumor cells escape from 
the immune system surveillance and that immuno
suppression caused by chemotherapy, contributes to 
tumor growth[15]. Nevertheless, it has been recently 
suggested that certain cytotoxic drugs such as cyclo
phosphamide, anthracyclines and taxanes may also have 
immuno-stimulatory properties, specifically due to their 
effect on regulatory T (T-reg) cells which are CD4+CD25+ 
lymphocytes enriched with tumor necrosis factor receptor 
(TNF) and cytotoxic T lymphocyte associated antigen 4 
(CTLA4)[16].

T-reg cells inhibit immune responses depending 
on cytokines and on antigen-specific-dependent pro
cesses[17]. In particular, they suppress lymphocytes 
CD8+, CD4+ T helper and natural killer T cells[17]. It has 
been demonstrated that T-reg cells increase alongside 
tumor upstaging and their presence is associated to 
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poor response to treatment[18]. In comparison with 
tumors exposed to MTD regimens, those exposed to 
MC exhibit a markedly reduced number of T-reg cells[19]. 
Tanaka et al[20] analyzed the activity of 54 different 
drugs effect in vitro dendritic cells, concluding that 
vinblastine, etoposide and paclitaxel, administered 
in low doses, decreased the levels of T-reg cells and 
delayed tumor progression. 

Induction for tumor dormancy
Tumor dormancy was defined by Willis in 1940s and 
redefined by Hadfield in the early 1950s as a temporary 
mitotic and growth arrest[21]. Dormant cells are present 
in the early phase of tumor progression or after 
completing treatment. In the early phase, epithelial pre-
invasive lesions can undergo epithelial-mesenchymal 
transition, and then acquire metastatic growth capacity 
after long periods of dormancy[22]. After completing 
treatment, dormant tumor cells may be the source of 
tumor recurrence, suggesting that these could became 
refractory to conventional treatment[23,24]. Folkman et 
al[25] showed that metronomic activity induces tumor 
dormancy, being this the predominant mechanism 
involved in maintaining the avascular phase. So, when 
a tumor escapes from the immune surveillance, MC 
can inhibit tumor development and achieve a long-term 
control of the disease[26]. 

The “4D” Effect
Clinical studies demonstrated that a long exposure 
to one or more agents and deprivation of others, 
introducing break periods of MTD with MC, may 
increase treatment efficacy. This phenomenon is named 
4D effect or drug-driven dependency/deprivation 
effect[27,28]. André et al[29] postulated that tumor cells 
become dependent on chemotherapeutic agents during 
long exposures and sudden withdrawal or replacement 
therapy may lead to cell death. 

METRONOMIC CHEMOTHERAPY IN 
TBNC
Neoadjuvant setting
Specially in TNBC, neoadjuvant chemotherapy is effective 
in down staging the tumor, therefore allowing breast 
conserving procedures or surgery in initially irresectable 

tumors. Additionally, neoadjuvant chemotherapy per
mits an early evaluation of the effectiveness of systemic 
therapy in vivo. Achieving a pCR is a surrogate marker for 
prolonged DFS, and less local and distant recurrence[30,31].

 For TNBC, MTD chemotherapy based in anthr
acyclines and taxanes is still the standard of care. The 
rate of pCR with this combination ranges between 
20% and 39%[32]. In the most successful experience, 
von Minckwitz et al[33] reported a pCR of 39% in 509 
patients treated with TAC (docetaxel/doxorubicin/
cyclophosphamide). The rate of pCR has been reported 
to further increase with the addition of platinum salts. 
Nevertheless, an important proportion of patients would 
still have residual disease at the end of neoadjuvant 
treatment. In order to improve the results, several 
groups have tried to intensify the induction chemotherapy 
regimens by incorporating metronomic principles. These 
schemes use conventional drugs at metronomic doses 
or combine MTD chemotherapy with MC in a hybrid 
approach (Table 2). 

Metronomic-only approach
Interestingly the studies presented below incorporate 
platinum salts to conventional drugs in a metronomic 
approach. It should be recalled, that although the 
GeparSixto results demonstrated that platinum salts 
increase responses, this practice is still not a standard 
for TNBC[33]. 

A small phase Ⅱ trial NCT00542191, recently pre
sented at ASCO 2016, used weekly doxorubicin and daily 
oral cyclophosphamide followed by weekly paclitaxel and 
carboplatin as neoadjuvant treatment in 18 patients. The 
pCR rate was 47.6% with a 5-year Overall Survival (OS) 
of 90% for those who achieved a pCR vs 12.5% for those 
who did not. However, 62% of patient experienced grade 
(G) 3 or G4 neutropenia, 24% febrile neutropenia, 12 
patients discontinued treatment due to related toxicities 
and 3 died before completing treatment[34]. A similar 
regimen was previously tested by Tiley in 2012, achieving 
a pCR of 46% (40% pCR, 6.6% CR with foci of ductal 
carcinoma in situ). Granulocyte colony stimulating factor 
was added for absolute neutrophil count (ANC) ≤ 1000. 
Main toxicities were related to mielosuppresion and two 
patients came off study due to prolonged neutropenia. 
Five patients had G4 neutropenia, 1 patient experienced 
G3 thrombocytopenia, and 1 developed G3 neuropathy[35]. 
Although their effectiveness, toxicity represented a major 

Table 1  Comparing maximum tolerated dose chemotherapy vs  metronomic chemotherapy

Maximum tolerated dose chemotherapy (conventional) Metronomic chemotherapy

Dose High doses Low doses or biologic optimal doses
Administration Administered at defined intervals (3 weekly, weekly) 

determined by the recovery of bone marrow
Dosing frequency is continuous (weekly, every other day, daily)

Plasma concentration Rise and fall of the plasma concentration of the drug Sustained plasma concentration of the drug
Target Proliferating tumor cells Endothelial cells in the growing vasculature of the tumor
Toxicity Acute and cumulative toxicity is a concern Acute toxicity is rare. Cumulative toxicity is unknown, except for 

etoposide (related to leukemia)

Rabanal C et al . Metronomic chemotherapy in non-metastatic TNBC
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limitation for both trials.
Ignatova et al[36], added capecitabine and carboplatin 

to an anthracycline and taxane metronomic regimen, 
achieving pCR in 60% of patients, the highest pCR 
rate reported to date with MC. Forty patients with 
locally advanced TNBC (cT2-T4 N2-3 M0) were treated 
with metronomic weekly paclitaxel plus carboplatin 
for 9 wk, followed by weekly doxorubicin, daily oral 
cyclophosphamide and capecitabine for another 9 wk. 
Dose limiting toxicities were neutropenia G3 (22%), 
mucositis G3 (8%) and hand-foot syndrome G3 (5.6%).

Hybrid approach: MTD plus MC 
Masuda et al[37] conducted a phase II study that included 
40 patients with TNBC or low hormonal receptor BC 

treated with 4 cycles of weekly paclitaxel plus daily 
oral cyclophosphamide and capecitabine, followed by 
4 cycles of FEC (5-FU/epirubicine/cyclophosphamide) 
every 3 wk. Importantly, this regimen achieved a 
pCR rate of 47.5% and breast preservation in 72.7% 
of cases. Adverse events (AE) related were G3-4 
neutropenia and hand-foot syndrome, in 35% and 8% 
of cases, respectively[37].

Cancello et al[38] evaluated the efficacy of a neo
adjuvant regimen in terms of Ki-67 variation, clinical 
response and toxicity in 34 patients with HER2-
negative, ER and PR < 10% BC. Chemotherapy con
sisted of 4 rounds of ECF (epirubicine/cisplatin/5-FU) 
every 21 d followed by weekly paclitaxel every 28 
d for 3 courses concomitantly with metronomic oral 

Table 2  Neoadjuvant metronomic chemotherapy in triple negative breast cancer

Ref. Type of study n Patient characteristic Regimens pCR Adverse events

Only MC Hildebrand et 
al[34]

Single arm 
phase Ⅱ

18 TNBC, ≥ T2 Part 1 (12 wk) 47.60% Neutropenia G3-G4: 62%

2016 T4: 5 patients Weekly DX 24 mg/m2 Ⅳ Febrile neutropenia: 24%
Node +: 12 patients Daily CTX 60 mg/m2 PO

EC Ⅱ: 47.4% Followed by Part 2 (12 wk)
EC Ⅲ: 28.6% Weekly PTX 80 mg/m2 Ⅳ

Weekly C 2AUC Ⅳ
Tiley et al[35] Single arm 

phase Ⅱ
17 TNBC, T2-T4, N0-N1 Part 1 (12 wk) 46.60% Thrombocytopenia G3: 5%

2012 Median age: 45 yr (25-83) 
Inflammatory breast cancer: 3

Weekly DX 24 mg/m2 Ⅳ Neutropenia G4: 29%

Daily CTX 60 mg/m2 PO Neuropathy G3: 5%
Followed by Part 2 (12 wk)
Weekly PTX 80 mg/m2 Ⅳ

Weekly C 2AUC Ⅳ
Ignatova et 

al[36]
Single arm 
phase Ⅱ

40 TNBC cТ2-4, N2-3, M0 Part 1 (9 wk) 60% Neutropenia G3-4: 22.2%

2016 Median age: 50 yr (27-69) Weekly PTX 60 mg/mm2 Ⅳ Mucositis 8.3%
Histologic grade 3: 33.3% Weekly C 2AUC Ⅳ Hand-foot syndrome G3: 

5.6%
Ki67 > 20%: 100% Then followed by Part 2 (9 

wk)
Weekly DX 25 mg/m2 Ⅳ
Daily CTX 50 mg bid PO

Daily X 500 mg tid PO
Hybrid Masuda et al[37] Single arm 

phase Ⅱ
40 ER < 10%, T2-T4, N0-N1 Part 1 ( 4 Cycles every 21 d) 47.50% Neutropenia G3-4: 35%

2014 Median age 52 yr (33-69) Day 1, 7, 14 PTX 80 mg/m2 Ⅳ Hand foot syndrome G3-4: 
8%

N1: 40% Daily CTX 50 mg PO
ER < 10%: 17.5% Daily X 1200 mg PO

EC I: 12.5% Followed by Part 2 (4 Cycles 
every 21 d)

EC Ⅱ: 77.5% Day 1 5-FU 500 mg/m2 Ⅳ
EC ⅢA: 10% Day 1 E 100 mg/m2 Ⅳ

Day 1 CTX 500 mg/m2 Ⅳ
Cancello et 

al[38]
Single arm 
phase Ⅱ

34 ER ≤ 10%, PR ≤ 10%, Her2-
Median age: 45 yr (31-64)

Part 1 (4 cycles every 21 d) 56% Neutropenia G3-4: 38%

2015 Premenopausal: 73% Day 1 5-FU 200 mg/m2 per 
day continuous

Anemia G3-4: 3%

EC Ⅱ: 35% Day 1, 2 E 25 mg/m2 Ⅳ
EC Ⅲ: 67% Day 1, P 60 mg/m2 Ⅳ

Histologic grade 3: 82% Followed by Part 2 (three 
cycles every 28 d)

Day 1, 7, 14 PTX 90 mg/m2

Daily CTX 50 mg/d

EC: Clinical stage; ER: Estrogen receptor; DX: Doxorubicin; CTX: Cyclophosphamide; PTX: Paclitaxel; C: Carboplatin; X: Capecitabine; 5-FU: 5-fluoracil; E: 
Epirubicin; P: Cisplatin; pCR: Pathologic response; TNBC: Triple negative breast cancer; MC: Metronomic chemotherapy.
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cyclophosphamide. Importantly, response to treatment 
was obtained in 91% of patients and 56% achieved a 
pCR. Also, a 41% difference in the percentage of Ki-67 
positive cells was found between the surgical specimens 
and the pretreatment tumor core biopsy for the entire 
population (95%CI: 30-51; P < 0.0001) vs 22% for 
those who did not achieve a pCR (95%CI: 7-38; P = 
0.0097). AE of grade 3 or more included neutropenia 
in 38% and anemia in 3%. The authors concluded that 
neoadjuvant ECF regimen followed by weekly paclitaxel 
with metronomic cyclophosphamide is very effective in 
achieving high pCR rates and a significant reduction of 
Ki-67[38]. 

MC alone or in combination with MTD chemo
therapy is effective in achieving high pCR rates. 
Nevertheless, it is important to point out that all 
the studies mentioned above but one, incorporate 
platinum salts as a part of the neoadjuvant regimen; 
therefore, their results should be compared against 
regimens that contain neoadjuvant platinum as 
well. Interestingly, the only trial that did not include 
platinum salts, also achieved a higher pCR rate than 
standard MTD chemotherapy. In all cases, toxicity is 
of concern. The addition of granulocyte stimulating 
factor or the use of intermittent metronomic schedules 
might reduce toxicity while maintaining effectivity. We 
believe that this approach warrants consideration in 
the younger population, which is able to better tolerate 
toxicity and should be given the opportunity to achieve 
a better pCR and therefore better outcomes. Bigger 
phase Ⅲ studies comparing MC vs MTD are needed. 

ADJUVANT SETTING 
Adjuvant chemotherapy in BC aims to eliminate 
minimal residual disease. The antiangiogenic and pro
immune properties of MC potentially induce tumor 
dormancy and eradicate residual cancer cells, becoming 
an option to improve outcomes in TNBC patients. 
Attempts to replace standard MTD chemotherapy 
with metronomic capecitabine have failed, resulting in 
inferior outcomes[39]. Recently, intensifying adjuvant 
chemotherapy or adding maintenance with metronomic 
methotrexate, cyclophosphamide or capecitabine have 
been tested with promising results (Table 3). 

Intensification of adjuvant chemotherapy 
Nasr et al[40] reported data on a small phase Ⅲ study 
that evaluated the role of metronomic methotrexate 
and cyclophosphamide after adjuvant therapy with 
anthracyclines, taxanes and carboplatin for stage Ⅱ or Ⅲ 
TNBC. One hundred fifty-eight patients were enrolled and 
randomized to 3 cycles of FEC-100 followed by 3 cycles 
of docetaxel and carboplatin followed by methotrexate 
and cyclophosphamide for 1 year or to 3 cycles of 
FEC-100 followed by 3 cycles of docetaxel without any 
further treatment. Although not starting from a standard 
of care due to the inclusion of carboplatin, this trial 

showed important benefits in median DFS (28 mo vs 24 
mo, P = 0.05) and OS (37 mo vs 29 mo, P = 0.04) with 
the addition of carboplatin plus metronomic maintenance 
in a head-to-head design[40]. 

FinXX, a large randomized phase 3 clinical trial 
integrated capecitabine into standard adjuvant therapy. 
Women with axillary node-positive or greater than 20 
mm node-negative BC of any histology were randomly 
assigned to receive either 3 cycles of docetaxel and 
capecitabine followed by 3 cycles of cyclophosphamide, 
epirubicin, and capecitabine (n = 743) or 3 cycles of 
docetaxel followed by 3 cycles of FEC (n = 747). The 
primary endpoint was recurrence-free survival (RFS), 
and it was not significantly different between the 
groups. However, in an exploratory analysis, adding 
capecitabine seemed to impact BC-specific survival (HR 
= 0.64; 95%CI: 0.44 to 0.95; P = 0.027) and RFS in 
women with TNBC, particularly those who had more 
than 3 metastatic axillary lymph nodes at the time of 
diagnosis[41]. 

As currently proposed, adding metronomic chemo
therapy to MTD adjuvant regimens hasn’t improved 
outcomes in TNBC. Nevertheless, selected high-risk 
patients might derive some benefit that needs further 
exploration. 

Maintenance-only approach
The phase Ⅲ IBCSG Trial 22 enrolled 1086 women 
with triple negative or HER-2 positive BC with any nodal 
involvement. After adjuvant chemotherapy, patients 
were randomized to maintenance with continuous oral 
cyclophosphamide and weekly oral methotrexate for 
1 year vs observation. After a median follow-up of 6.9 
years, DFS was not significantly better for patients 
assigned to maintenance compared with those assigned 
to observation. Nevertheless, patients with TN, node-
positive disease had a non-significant reduction of 7.9% 
in the absolute risk of relapse (n = 340; HR = 0.72; 
95%CI: 0.49 to 1.05). In general, the metronomic part 
of the treatment was well tolerated with only 14% of 
patients experiencing a grade 3 or 4 treatment-related 
AE[42].

A different approach was evaluated in the CREATE-X 
study, presented at the 2015 San Antonio Breast 
Cancer Symposium. This phase 3 randomized clinical 
trial evaluated the role of capecitabine maintenance 
in 910 HER2-negative (TN and luminal) BC patients 
with residual disease defined as no pCR or node-
positive disease, after neoadjuvant chemotherapy 
with anthracycline and/or taxanes. Thirty-one percent 
of patients had TNBC, 80% received sequential 
anthracyclines and taxanes, and approximately 60% 
had prior 5-FU. Patients were randomized to receive 
capecitabine 2 wk on and 1 wk off, for up to 8 cycles vs 
observation. Only 38% and 58% of patients completed 
8 and 6 cycles of chemotherapy respectively. At 5 years, 
DFS (primary endpoint) was 74.1% with capecitabine 
maintenance compared to 67.7% in the control arm, 

Rabanal C et al . Metronomic chemotherapy in non-metastatic TNBC
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Table 3  Adjuvant metronomic chemotherapy in triple negative breast cancer

Ref. Study design n Regimens Characteristics Outcome Adverse events

MTD 
plus 
MC

Nars et 
al[40]

2015

Phase Ⅲ : 158 Arm A: Median age: 46 yr Median DFS = 2 Arm A
A: 78 Part 1 (3 cycles) TNBC Arm A: 28 mo Neutropenia G3: 19%

Day 1 5FU 500 mg/m2 PO Stages II-Ⅲ Arm B: 24 mo Neutropenia G4: 1.9%
Day 1 E 100 mg/m2 Tumor size > 1.0 cm P = 0.05 Febril neutropenia G3: 12%
Day 1 CTX 500 mg/m2 Positive or negative axillary 

lymph nodes;
Nausea, vomiting G3: 12%

Day 1-2 MTX 2.5 mg twice/d 
PO

ECOG < 2 OS :

Part 2 (3 cycles) Arm A: 37 mo
Day 1 T 80 mg/m2 Arm B: 29 mo
Day 1 Ca 5AUC P = 0.04
Followed by MC × 1 yr Arm B:
Daily CTX 50 mg/d PO Neutropenia G3: 17%

B: 80 Arm B: Febril Neutropenia G3: 9%
Part 1 (3 cycles)
Day 1 5FU 500 mg/m2 PO
Day 1 E 100 mg/m2

Day 1 CTX 500 mg/m2

Part 2 (3 cycles)
Day 1 T 80 mg/m2

FIN XX et 
al[41]

2011

Phase Ⅲ A: 753 Arm A : Median age: 52 yr DFS 5 yr (P = 
0.087)

6 deaths related to 
treatment

Part 1 - every 3 wk for 3 cycles Luminal, TNBC, Her2 A: 86.6% Arm A: 4 patients
Day 1 T 60 mg/m2 IV T1: 46%, T2: 47% B: 84.1% Arm B: 2 patients
Day 1-15 X 900 mg/m2 
twice/d PO

1-3 positive axillary nodes: 62%

Followed > 3 positive axillary nodes: 28% Subgroup: Discontinued treatment
Part 2 -every 3 wk for 3 cycles Grade 3: 42% TNBC > 3 

axillary nodes:
Arm A: 24%

Day 1 CTX 600 mg/m2 IV ER negative: 24% HR, 0.64; 
95%CI: 0.44 to 
0.95

Arm B: 3%

Day 1 E 75 mg/m2 IV Her 2 +: 19% (P = 0.027)
B: 747 Day 1-15 X 900 mg/m2 

twice/d PO
Arm B:
Part 1 ( every 3 wk x 3 cycles)
Day 1 T 80 mg/m2 IV
Part 2 ( every 3 wk x 3 cycles)
Day 1 CTX 600 mg/m2 IV
Day 1 E 75 mg/m2 IV
Day 1 5FU 600 mg/m2 IV

Main-
tenance

IBCSG 
Trial 22

Phase Ⅲ n: 1086 Arm A: (every week for 1 yr) Median age: 51 yr 6.9 yr OS: Arm A

Oct. 
2016[42]

A: 542 Daily CTX 50 mg/d PO TNBS, Her 2 HR 0.84; 95%CI, 
0.66 to 1.06; P = 
0.14);

Grade 3-4 treatment related 
AE: 14% patients

Day 1-2 MTX 2.5 mg twice/d 
PO on

Premenopausal: 45% TNBC: (n = 
814; HR = 0.80; 
95%CI: 0.60 to 
1.06)

Node positive disease 42% Hypertransaminasemia G3 
G4: 7%

B: 539 Arm B: Her2 +: 19%, only 52% received 
trastuzumab

TNBC, node-
positive disease: 
n = 340

Observation TNBC: 75% HR = 0.72; 
(95%CI: 0.49 to 
1.05)

Leukopenia G3-G4 : 2%

Tumor > 2 cm: 54%
Grade 3: 84% 2 patients with AML
1-3 node +: 25%
> 3 node +: 16%
Prior anthracycline: 60%
Prior anthracycline + taxane: 
26.1%
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with a statistically significant 30% reduction in the 
risk of recurrence (one-sided P = 0.00524). Likewise, 
a statistically significant reduction in the risk of death 
was observed, with OS rates of 89.2% and 83.9%, 
respectively (one-sided P < 0.01)[43]. In the subgroup 
analysis, the benefit of adding capecitabine was even 
greater in the TNBC subgroup which achieved a 42% 
reduction in the risk of recurrence[43].

Despite the fact that both phase Ⅲ trials evaluated 
maintenance therapy for early BC, there exist remarkable 
differences on their design and target population (Table 
4). The IBCSG trial 22 included hormone negative-
receptor early BC patients, of whom only 26% received 
current standard chemotherapy with anthracyclines 
and taxanes. Moreover, only 59% of the HER 2 positive 
patients received anti HER 2 target agents. The varying 
treatments logically modified outcomes with statistical 
implications. Also, because all patients were recruited 
after adjuvant therapy, no risk groups were identified. 
Treatment non-adherence was also an issue as the study 
had a high incidence (13%) of not-started treatment in 
those assigned to CM maintenance.

On the other hand, the CREATE-X study included 
luminal and TNBC patients, of whom 80% received 
sequential anthracyclines and taxanes. Outstandingly, 
this trial very early recognized residual disease as a 
poor prognostic factor and considered the addition of 
capecitabine as maintenance aiming to improve DFS 
and OS. This study included a better selected but still 

heterogeneous population of luminal and TNBC patients. 
We believe that, as for luminal BC patients, pCR has 
not been correlated with outcomes, the positive results 
observed in both populations are produced by different 
mechanisms and mostly driven by the TNBC cases. A 
limitation of the CREATE-X study is the fact that these 
results were obtained in an only-Asian population, 
precluding their generalizability, particularly in terms 
of sensibility and tolerance which differs from those 
reported for the Caucasian population[44]. 

Residual disease after neoadjuvant chemotherapy 
is a biomarker of high risk. In this setting, further 
treatment seems to be beneficial, especially for TNBC. 
We believe that selecting the population for clinical trials 
through this or other biomarkers is key for designing 
further research initiatives.

Ongoing trials and future perspectives
Ongoing trials are exploring the role of MC in different 
settings. The CIBOMA/2004-01/GEICAM 2003-11 trial, 
added capecitabine as maintenance after standard 
chemotherapy exclusively for TNBC. Patients were 
randomized to receive standard anthracycline and/
or taxane-containing chemotherapy or 4 cycles of 
doxorubicin-cyclophosphamide (for node-negative 
disease) as (neo)adjuvant treatment followed by 8 cycles 
of capecitabine at 1000 mg/m2 twice a day, 14 d on and 
7 d off, every 3 wk vs observation. The most frequent 
grade 3/4 capecitabine-related clinical AE were hand-foot 

CREATE-X trial Phase Ⅲ n: 455 Arm A: (every 3 wk for 8 
cycles)

Luminal TBNC patients 5 yr DFS: (P = 
0.00524).

Arm A:

2015[43] Day 1-14 X 1250 mg/m2 
twice/d

Prior: Neoadyuvant no pCR or 
node positive

A: 74.1% HFS G3: 10.9%

Arm B: Anthracycline and/or taxane: 
80%

B: 67.7%

Observation 5FU regimen: 60% 30% reduction 
in risk

Six cycles completed: 58%
Eight cycles completed: 38% 5 yr OS P < 0.01

A: 89.2%
B: 83.9%

Ongoing CIBOMA/2004-01/
GEICAM 2003-11 
trial

Phase Ⅲ A: 207 Arm A: every 3 wk for 8 
cycles

Median age: 51 yr Ongoing Arm A:

2010[45] Day 1–14 X 1000 mg/m2 per 
twice day PO

TNBC HFS G3: 17.4%

B: 193 Arm B: Caucasian: 63.9% Diarrhea: 2.9%
Observation Postmenopausal: 68.2% Fatigue: 1.9%

Basal phenotype: 82%
Neoadjuvant: 9.7%
Adjuvant: 86.4%
Complete 8 cycles: 77.3%

ECOG – ACRIN 
Cancer Research 
Group EA 1131 
trial[46]

Phase Ⅲ Expected 
562

Arm A: observation TNBC Ongoing Ongoing
Arm B: Carboplatin / 
Cisplatin day 1 IV every 3 wk 
for 4 cycles

Stage Ⅱ-Ⅲ

Arm C: Capecitabine twice 
daily on days 1-14 every 
every 3 wk for 6 courses

Residual basal like disease after 
neoadjuvant chemotherapy

5FU: 5-Fluoracil; E: Epirubicin, Ca: Carboplatin; T: Docetaxel; CTX: Cyclophosphamide; MTX: Methotrexate; X: Capecitabine; AT: Anthracycline/taxane 
regimen; HFS: Hand-foot syndrome.
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syndrome (17.4%), diarrhea (2.9%), and fatigue (1.9%). 
After 6 years of follow-up and with a small number of 
events, no differences in DFS have been detected so far. 
Disease-free survival (DFS) is still ongoing[45]. 

The phase Ⅲ ECOG-ACRIN Cancer Research Group - 
EA 1131 trial will define which treatment-if any- is more 
effective in prolonging DFS in patients with residual 
basal-like TNBC, following neoadjuvant chemotherapy. 
Five hundred sixty-two patients are expected to be 
included and randomized to receive further treatment 
with cisplatin/carboplatin, capecitabine or observation. 
This clinical trial is currently recruiting participants. The 
estimated primary completion date is on May 2019[46].

CONCLUSION
MC is a multi-mechanism therapy that due to its 
accessibility and affordability, stands as an attractive 
alternative or complement for a selected group of TNBC 
patients in both the neoadjuvant and adjuvant setting. 
In neoadjuvant regimens pCR rates obtained with MC 
are high, as well as it is toxicity. In the adjuvant setting, 
metronomic maintenance for patients with residual 
disease after neoadjuvant therapy seems to be feasible 
and effective in prolonging DFS and these results are 
encouraging. 

Considering the dismal prognosis of TNBC, any 

strategy that potentially improves outcomes, specially 
being the oral agents broadly available and inexpensive, 
should be considered and certainly warrants further 
exploration. Finally, the benefit of MC needs to be 
validated in properly designed clinical trials were the 
selection of the population is the key. 

REFERENCES
1	 Lin NU, Vanderplas A, Hughes ME, Theriault RL, Edge SB, Wong 

YN, Blayney DW, Niland JC, Winer EP, Weeks JC. Clinicopathologic 
features, patterns of recurrence, and survival among women with 
triple-negative breast cancer in the National Comprehensive Cancer 
Network. Cancer 2012; 118: 5463-5472 [PMID: 22544643 DOI: 
10.1002/cncr.27581]

2	 Yue Y, Astvatsaturyan K, Cui X, Zhang X, Fraass B, Bose S. 
Stratification of Prognosis of Triple-Negative Breast Cancer Patients 
Using Combinatorial Biomarkers. PLoS One 2016; 11: e0149661 
[PMID: 26930401 DOI: 10.1371/journal.pone.0149661]

3	 Early Breast Cancer Trialists’ Collaborative Group (EBCTCG), 
Peto R, Davies C, Godwin J, Gray R, Pan HC, Clarke M, Cutter D, 
Darby S, McGale P, Taylor C, Wang YC, Bergh J, Di Leo A, Albain 
K, Swain S, Piccart M, Pritchard K. Comparisons between different 
polychemotherapy regimens for early breast cancer: meta-analyses 
of long-term outcome among 100,000 women in 123 randomised 
trials. Lancet 2012; 379: 432-444 [PMID: 22152853 DOI: 10.1016/
S0140-6736(11)61625-5]

4	 Mayer EL, Burstein HJ. Chemotherapy for Triple-Negative Breast 
Cancer: Is More Better? J Clin Oncol 2016; 34: 3369-3371 [PMID: 
27551109 DOI: 10.1200/JCO.2016.68.4068]

Table 4  Maintenance for triple negative breast cancer

IBCSG Trial 22, Oct. 2016 CREATE-X trial, 2015

Study design Phase Ⅲ Phase Ⅲ
Accrual time 2000-2012 2007-2012
Number of patients N: 1086

CM: 542
Obs: 539

N: 910
X: 455

Obs: 455
Setting Prior adjuvant ± RT Prior neoadyuvant ± RT
Study population TNBC: 75%

HER2+: 19%
Luminal or TNBC

No pCR o node positive
Previous treatment A + CMF: 60%

CMF: 16%
AT sequential + CMF: 26%

H: 59% (of HER2+)

A: 4.1%
AT sequential: 81%

AT concurrently: 13.6%
TC: 5%

Study treatment C 50 mg/d PO Daily M 2.5 mg bid PO Days 1-2 vs Observation X 1250 mg/m2 twice/d PO Day 1-14  Observation
Time of treatment Every week for 1 yr Every 3 wk for 8 cycles (6 mo)
DFS 5 yr DFS:

CM: 78.1%
Obs: 74%

HR = 0.84 (95%CI: 0.66 to 1.06; P = 0.14)
TNBC: n = 814; HR = 0.80; 95%CI: 0.60-1.06

TNBC, node-positive disease: n = 340; HR = 0.72; 95%CI: 0.49-1.05

5 yr DFS:
X: 74.1%

Obs: 67.7%
HR (95%CI): 0.70 (0.53-0.93); P = 0.00524

30% reduction in risk

OS No results 5 yr OS
X: 89.2%

Obs: 83.9%,
P < 0.01

Adverse events Hipertransaminasemia
G3-G4: 7%

Leukopenia: 2%

X: HFS G3: 10.9%
Neutropenia G3: 6.6%

Diarrhea G3: 3%
Obs: Neutropenia 1.6%

Diarrhea: 0.4%

C: Cyclophosmide; M: Methotrexate; X: Capecitabine; ER: Estrogen receptor; PR: Progesterone receptor; A: Anthracycline; F: 5Fluoracil; T: Taxane; TNBC: 
Triple negative breast cancer; H: Herceptin.

Rabanal C et al . Metronomic chemotherapy in non-metastatic TNBC



445 December 10, 2017|Volume 8|Issue 6|WJCO|www.wjgnet.com

5	 Hanahan D, Bergers G, Bergsland E. Less is more, regularly: 
metronomic dosing of cytotoxic drugs can target tumor angiogenesis 
in mice. J Clin Invest 2000; 105: 1045-1047 [PMID: 10772648 DOI: 
10.1172/JCI9872]

6	 Kontani K, Hashimoto SI, Murazawa C, Norimura S, Tanaka H, 
Ohtani M, Fujiwara-Honjo N, Date M, Houchi H, Yokomise H. 
Metronomic chemotherapy for metastatic breast cancer to prolong 
time to treatment failure to 12 months or more. Mol Clin Oncol 2013; 1: 
225-230 [PMID: 24649151 DOI: 10.3892/mco.2012.49]

7	 Bergers G, Hanahan D. Modes of resistance to anti-angiogenic 
therapy. Nat Rev Cancer 2008; 8: 592-603 [PMID: 18650835 DOI: 
10.1038/nrc2442]

8	 Kerbel RS, Kamen BA. The anti-angiogenic basis of metronomic 
chemotherapy. Nat Rev Cancer 2004; 4: 423-436 [PMID: 15170445 
DOI: 10.1038/nrc1369]

9	 Kamen BA, Rubin E, Aisner J, Glatstein E. High-time chemotherapy 
or high time for low dose. J Clin Oncol 2000; 18: 2935-2937 [PMID: 
10944125 DOI: 10.1200/JCO.2000.18.16.2935]

10	 Maiti R. Metronomic chemotherapy. J Pharmacol Pharmacother 2014; 
5: 186-192 [PMID: 25210398 DOI: 10.4103/0976-500X.136098]

11	 Shaked Y, Emmenegger U, Man S, Cervi D, Bertolini F, Ben-David 
Y, Kerbel RS. Optimal biologic dose of metronomic chemotherapy 
regimens is associated with maximum antiangiogenic activity. 
Blood 2005; 106: 3058-3061 [PMID: 15998832 DOI: 10.1182/
blood-2005-04-1422]

12	 Montagna E, Cancello G, Dellapasqua S, Munzone E, Colleoni M. 
Metronomic therapy and breast cancer: a systematic review. Cancer 
Treat Rev 2014; 40: 942-950 [PMID: 24998489 DOI: 10.1016/
j.ctrv.2014.06.002]

13	 Pasquier E, André N, Braguer D. Targeting microtubules to inhibit 
angiogenesis and disrupt tumour vasculature: implications for cancer 
treatment. Curr Cancer Drug Targets 2007; 7: 566-581 [PMID: 
17896922 DOI: 10.2174/156800907781662266]

14	 Browder T, Butterfield CE, Kräling BM, Shi B, Marshall B, O’Reilly 
MS, Folkman J. Antiangiogenic scheduling of chemotherapy improves 
efficacy against experimental drug-resistant cancer. Cancer Res 2000; 
60: 1878-1886 [PMID: 10766175]

15	 Gnoni A, Silvestris N, Licchetta A, Santini D, Scartozzi M, Ria R, 
Pisconti S, Petrelli F, Vacca A, Lorusso V. Metronomic chemotherapy 
from rationale to clinical studies: a dream or reality? Crit Rev Oncol 
Hematol 2015; 95: 46-61 [PMID: 25656744 DOI: 10.1016/j.critrevon
c.2015.01.008]

16	 Kosmaczewska A, Ciszak L, Potoczek S, Frydecka I. The significance 
of Treg cells in defective tumor immunity. Arch Immunol Ther 
Exp (Warsz) 2008; 56: 181-191 [PMID: 18512029 DOI: 10.1007/
s00005-008-0018-1]

17	 Ghiringhelli F, Larmonier N, Schmitt E, Parcellier A, Cathelin D, 
Garrido C, Chauffert B, Solary E, Bonnotte B, Martin F. CD4+CD25+ 
regulatory T cells suppress tumor immunity but are sensitive to 
cyclophosphamide which allows immunotherapy of established 
tumors to be curative. Eur J Immunol 2004; 34: 336-344 [PMID: 
14768038 DOI: 10.1002/eji.200324181]

18	 Kono K, Kawaida H, Takahashi A, Sugai H, Mimura K, Miyagawa N, 
Omata H, Fujii H. CD4(+)CD25high regulatory T cells increase with 
tumor stage in patients with gastric and esophageal cancers. Cancer 
Immunol Immunother 2006; 55: 1064-1071 [PMID: 16328385 DOI: 
10.1007/s00262-005-0092-8]

19	 Loeffler M, Krüger JA, Reisfeld RA. Immunostimulatory effects of 
low-dose cyclophosphamide are controlled by inducible nitric oxide 
synthase. Cancer Res 2005; 65: 5027-5030 [PMID: 15958544 DOI: 
10.1158/0008-5472.CAN-05-0646]

20	 Tanaka H, Matsushima H, Mizumoto N, Takashima A. Classification 
of chemotherapeutic agents based on their differential in vitro effects 
on dendritic cells. Cancer Res 2009; 69: 6978-6986 [PMID: 19706756 
DOI: 10.1158/0008-5472.CAN-09-1101]

21	 Hadfield G. The dormant cancer cell. Br Med J 1954; 2: 607-610 
[PMID: 13190204 DOI: 10.1136/bmj.2.4888.607]

22	 Sosa MS, Bragado P, Aguirre-Ghiso JA. Mechanisms of disseminated 
cancer cell dormancy: an awakening field. Nat Rev Cancer 2014; 14: 
611-622 [PMID: 25118602 DOI: 10.1038/nrc3793]

23	 Bergers G, Benjamin LE. Tumorigenesis and the angiogenic switch. 
Nat Rev Cancer 2003; 3: 401-410 [PMID: 12778130 DOI: 10.1038/
nrc1093]

24	 Udagawa T. Tumor dormancy of primary and secondary cancers. 
APMIS 2008; 116: 615-628 [PMID: 18834406 DOI: 10.1111/
j.1600-0463.2008.01077.x]

25	 Gimbrone MA Jr, Leapman SB, Cotran RS, Folkman J. Tumor 
dormancy in vivo by prevention of neovascularization. J Exp Med 
1972; 136: 261-276 [PMID: 5043412 DOI: 10.1084/jem.136.2.261]

26	 Mahnke YD, Schwendemann J, Beckhove P, Schirrmacher V. 
Maintenance of long-term tumour-specific T-cell memory by residual 
dormant tumour cells. Immunology 2005; 115: 325-336 [PMID: 
15946250 DOI: 10.1111/j.1365-2567.2005.02163.x]

27	 Sterba J, Valik D, Mudry P, Kepak T, Pavelka Z, Bajciova V, 
Zitterbart K, Kadlecova V, Mazanek P. Combined biodifferentiating 
and antiangiogenic oral metronomic therapy is feasible and effective in 
relapsed solid tumors in children: single-center pilot study. Onkologie 
2006; 29: 308-313 [PMID: 16874014 DOI: 10.1159/000093474]

28	 Kieran MW, Turner CD, Rubin JB, Chi SN, Zimmerman MA, 
Chordas C, Klement G, Laforme A, Gordon A, Thomas A, Neuberg 
D, Browder T, Folkman J. A feasibility trial of antiangiogenic 
(metronomic) chemotherapy in pediatric patients with recurrent or 
progressive cancer. J Pediatr Hematol Oncol 2005; 27: 573-581 
[PMID: 16282886 DOI: 10.1097/01.mph.0000183863.10792.d4]

29	 André N, Pasquier E. Response to ‘Intermittent androgen blockade 
should be regarded as standard therapy in prostate cancer’. Nat 
Clin Pract Oncol 2009; 6: E1 [PMID: 19180107 DOI: 10.1038/
ncponc1317]

30	 von Minckwitz G, Untch M, Blohmer JU, Costa SD, Eidtmann H, 
Fasching PA, Gerber B, Eiermann W, Hilfrich J, Huober J, Jackisch 
C, Kaufmann M, Konecny GE, Denkert C, Nekljudova V, Mehta K, 
Loibl S. Definition and impact of pathologic complete response on 
prognosis after neoadjuvant chemotherapy in various intrinsic breast 
cancer subtypes. J Clin Oncol 2012; 30: 1796-1804 [PMID: 22508812 
DOI: 10.1200/JCO.2011.38.8595]

31	 Li J, Chen S, Chen C, Di G, Liu G, Wu J, Shao Z. Pathological 
complete response as a surrogate for relapse-free survival in patients 
with triple negative breast cancer after neoadjuvant chemotherapy.
Oncotarget 2017; 8: 18399-18408 [PMID: 27191991 DOI: 10.18632/
oncotarget.9369]

32	 Liedtke C, Mazouni C, Hess KR, André F, Tordai A, Mejia JA, 
Symmans WF, Gonzalez-Angulo AM, Hennessy B, Green M, 
Cristofanilli M, Hortobagyi GN, Pusztai L. Response to neoadjuvant 
therapy and long-term survival in patients with triple-negative breast 
cancer. J Clin Oncol 2008; 26: 1275-1281 [PMID: 18250347 DOI: 
10.1200/JCO.2007.14.4147]

33	 von Minckwitz G, Schneeweiss A, Loibl S, Salat C, Denkert C, Rezai 
M, Blohmer JU, Jackisch C, Paepke S, Gerber B, Zahm DM, Kümmel 
S, Eidtmann H, Klare P, Huober J, Costa S, Tesch H, Hanusch C, 
Hilfrich J, Khandan F, Fasching PA, Sinn BV, Engels K, Mehta K, 
Nekljudova V, Untch M. Neoadjuvant carboplatin in patients with 
triple-negative and HER2-positive early breast cancer (GeparSixto; 
GBG 66): a randomised phase 2 trial. Lancet Oncol 2014; 15: 747-756 
[PMID: 24794243 DOI: 10.1016/S1470-2045(14)70160-3]

34	 Hildebrand JR, Raab RE, Muzaffar M, Walker PR. Neoadjuvant 
metronomic chemotherapy in triple negative breast cancer 
(NCT00542191): updated results from a phase II trial. J Clin Oncol 
2016; 34: e12502 [DOI: 10.1200/JCO.2016.34.15_suppl.e12502]

35	 Tiley S, Raab RE, Bellin LS, Wong JH, Unger J, Walker PR. Results 
of the East Carolina Breast Center phase II trial of neoadjuvant 
metronomic chemotherapy in triple-negative breast cancer 
(NCT00542191). J Clin Oncol 2012; 30: e11550 [DOI: 10.1200/
jco.2012.30.15_suppl.e11550]

36	 Ignatova E, Frolova M, Stenina MB, Petrovsky A, Tjulandin S. 
Induction chemotherapy for patients with Locally advanced triple 
negative breast cancer. J Clin Oncol 2016; 34: e12573) [DOI: 10.1200/
JCO.2016.34.15_suppl.e12573]

37	 Masuda N, Higaki K, Takano T, Matsunami N, Morimoto T, Ohtani 
S, Mizutani M, Miyamoto T, Kuroi K, Ohno S, Morita S, Toi M. 
A phase II study of metronomic paclitaxel/cyclophosphamide/

Rabanal C et al . Metronomic chemotherapy in non-metastatic TNBC



446 December 10, 2017|Volume 8|Issue 6|WJCO|www.wjgnet.com

capecitabine followed by 5-fluorouracil/epirubicin/cyclophosphamide 
as preoperative chemotherapy for triple-negative or low hormone 
receptor expressing/HER2-negative primary breast cancer. Cancer 
Chemother Pharmacol 2014; 74: 229-238 [PMID: 24871032 DOI: 
10.1007/s00280-014-2492-y]

38	 Cancello G, Bagnardi V, Sangalli C, Montagna E, Dellapasqua S, 
Sporchia A, Iorfida M, Viale G, Barberis M, Veronesi P, Luini A, 
Intra M, Goldhirsch A, Colleoni M. Phase II Study With Epirubicin, 
Cisplatin, and Infusional Fluorouracil Followed by Weekly Paclitaxel 
With Metronomic Cyclophosphamide as a Preoperative Treatment of 
Triple-Negative Breast Cancer. Clin Breast Cancer 2015; 15: 259-265 
[PMID: 25933934 DOI: 10.1016/j.clbc.2015.03.002]

39	 Muss HB, Berry DA, Cirrincione CT, Theodoulou M, Mauer AM, 
Kornblith AB, Partridge AH, Dressler LG, Cohen HJ, Becker HP, 
Kartcheske PA, Wheeler JD, Perez EA, Wolff AC, Gralow JR, 
Burstein HJ, Mahmood AA, Magrinat G, Parker BA, Hart RD, 
Grenier D, Norton L, Hudis CA, Winer EP; CALGB Investigators. 
Adjuvant chemotherapy in older women with early-stage breast 
cancer. N Engl J Med 2009; 360: 2055-2065 [PMID: 19439741 DOI: 
10.1056/NEJMoa0810266]

40	 Nasr KE, Osman MA, Elkady MS, Ellithy MA. Metronomic 
methotrexate and cyclophosphamide after carboplatin included 
adjuvant chemotherapy in triple negative breast cancer: a phase III 
study. Ann Transl Med 2015; 3: 284 [PMID: 26697444 DOI: 10.3978/
j.issn.2305-5839.2015.11.14]

41	 Joensuu H, Kellokumpu-Lehtinen PL, Huovinen R, Jukkola-
Vuorinen A, Tanner M, Kokko R, Ahlgren J, Auvinen P, Paija O, Helle 
L, Villman K, Nyandoto P, Nilsson G, Pajunen M, Asola R, Poikonen 
P, Leinonen M, Kataja V, Bono P, Lindman H. Adjuvant capecitabine, 
docetaxel, cyclophosphamide, and epirubicin for early breast cancer: 
final analysis of the randomized FinXX trial. J Clin Oncol 2012; 30: 
11-18 [PMID: 22105826 DOI: 10.1200/JCO.2011.35.4639]

42	 Colleoni M, Gray KP, Gelber S, Láng I, Thürlimann B, Gianni L, 

Abdi EA, Gomez HL, Linderholm BK, Puglisi F, Tondini C, Kralidis 
E, Eniu A, Cagossi K, Rauch D, Chirgwin J, Gelber RD, Regan 
MM, Coates AS, Price KN, Viale G, Goldhirsch A. Low-Dose Oral 
Cyclophosphamide and Methotrexate Maintenance for Hormone 
Receptor-Negative Early Breast Cancer: International Breast Cancer 
Study Group Trial 22-00. J Clin Oncol 2016; 34: 3400-3408 [PMID: 
27325862 DOI: 10.1200/JCO.2015.65.6595]

43	 Toi M, Lee S-J, Lee ES, Ohtani S, Im Y-H, Im S-A, Park B-W, 
Kim S-B, Yanagita Y, Takao S, Ohno S, Aogi K, Iwata H, Kim 
A, Sasano H, Yokota I, Ohashi Y, Masuda N. A phase III trial of 
adjuvant capecitabine in breast cancer patients with HER2-negative 
pathologic residual invasive disease after neoadjuvant chemotherapy 
(CREATE-X, JBCRG-04). Thirty-Eighth Annual CTRC-AACR San 
Antonio Breast Cancer Symposium; 2015 Dec 8-12; San Antonio, 
TX, United States. Cancer Res 2016; 76 (Suppl 4): S1-S7 [DOI: 
10.1158/1538-7445.SABCS15-S1-07]

44	 O’Donnell PH, Dolan ME. Cancer pharmacoethnicity: ethnic 
differences in susceptibility to the effects of chemotherapy. 
Clin Cancer Res 2009; 15: 4806-4814 [PMID: 19622575 DOI: 
10.1158/1078-0432.CCR-09-0344]

45	 Lluch A, Gómez H, Ruiz-Borrego M, Bines J, Llombart A, Ramos-
Vázquez M, Torres R, Segalla JG, Torrecillas L, Barrios CH. First 
Safety Data From A Randomised Phase Iii (Ciboma/2004-01/Geicam 
2003-11) Trial Assessing Adjuvant Capecitabine Maintenance Therapy 
After Standard Chemotherapy For Triple-Negative Early Breast 
Cancer. Thirty-Third Annual CTRC‐AACR San Antonio Breast 
Cancer Symposium; 2015 Dec 8-12; San Antonio, TX, United States. 
Cancer Res 2010; 70 (Suppl 24): P5-10-15 [DOI: 10.1158/0008-5472.
SABCS10-P5-10-15]

46	 Mayer I. Platinum Based Chemotherapy or Capecitabine in Treating 
Patients With Residual Triple-Negative Basal-Like Breast Cancer 
Following Neoadjuvant Chemotherapy, ECOG-ACRIN Cancer 
Research Group - EA 1131 trial; No. NCT02445391; 2015

P- Reviewer: Kanat O, Shao R, Vinh-Hung V, Wang LS, Yamashita H    
S- Editor: Kong JX    L- Editor: A    E- Editor: Lu YJ  

Rabanal C et al . Metronomic chemotherapy in non-metastatic TNBC



                                      © 2017 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk

http://www.wjgnet.com


