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Abstract: The prognosis for patients with locally advanced or metastatic breast cancer (mBC) 

remains poor, with a median survival of 2–4 years. About 10% of newly diagnosed breast cancer 

patients present with metastatic disease, and 30%–50% of those diagnosed at earlier stages will 

subsequently progress to mBC. In terms of ongoing management for advanced/metastatic breast 

cancer after failure of hormonal therapy, there is a high medical need for new treatment options 

that prolong the interval to the start of intensive cytotoxic therapy, which is often associated 

with potentially serious side effects and reduced quality of life. Oral chemotherapeutic agents 

such as capecitabine and vinorelbine have demonstrated efficacy in patients with mBC, with 

prolonged disease control and good tolerability. Use of oral chemotherapy reduces the time and 

cost associated with treatment and is often more acceptable to patients than intravenous drug 

delivery. Metronomic administration of oral chemotherapy is therefore a promising treatment 

strategy for some patients with mBC and inhibits tumor progression via multiple mechanisms 

of action. Ongoing clinical trials are investigating metronomic chemotherapy regimens as a 

strategy to prolong disease control with favorable tolerability. This article provides an overview 

of metronomic chemotherapy treatment options in mBC, with perspectives on this therapy from 

a panel of experts.

Keywords: advanced breast cancer, metronomic chemotherapy, vinorelbine, tolerability, 

quality of life

Introduction
Metronomic chemotherapy (mCHT) is a form of cytotoxic drug administration that 

differs from conventional chemotherapy schedules. Conventional therapy is based on 

the administration of maximum dose therapy with chemotherapeutic regimens, while 

mCHT consists of the continuous or frequent administration of chemotherapeutic 

agents at low doses, markedly below the maximum tolerated dose (MTD), without long 

between-dose intervals.1–3 The mechanism of action of mCHT was originally consid-

ered to be inhibition of angiogenesis. However, it is now widely accepted that mCHT 

has multiple mechanisms of action, including anti-angiogenic, anti-proliferative, and 

immunomodulatory activities.1,4–7 This alternative approach to treatment may improve 

the therapeutic index of drugs because it allows a better balance between activity and 

treatment-associated toxicities, enabling prolonged treatment and thus potentially 

increasing survival.1,4,8 Given the frequent drug administration required with mCHT, 

oral agents are a more convenient option for patients.1

In the breast cancer setting, several agents currently used in standard chemotherapy 

regimens (eg, vinorelbine, cyclophosphamide, methotrexate, and fluoropyrimidines) 
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have been studied in the context of metronomic regimens, 

often in combination with other agents including hormones, 

targeted agents (eg, trastuzumab or bevacizumab), or 

vaccines.9,10 Despite having different designs, a number of 

studies provide data on the clinical efficacy of mCHT in 

refractory or metastatic breast cancer (mBC).1

Oral vinorelbine is a microtubule-targeting agent, a 

unique class of chemotherapy molecules. These agents have 

specific activities such as angiogenesis inhibition, suppres-

sion of endothelial progenitor cells (CEPs), and HIF-1α 

pathway inhibition.11,12 These characteristics, along with the 

possibility of oral administration and established activity in 

different solid tumors (eg, breast, lung, and prostate), mean 

that vinorelbine is one of the most promising agents to be 

studied within mCHT regimens. Oral administration of che-

motherapy has benefits over intravenous bolus administration 

such as prolonged plasma drug concentration or increased 

therapeutic window, sustained plasma drug concentration 

below the MTD, reduced adverse effects, improvement in 

quality of life of patients, and reduced health care costs.13–16

Further evidence is needed to define the optimal use of 

mCHT and to identify patients most likely to benefit from 

this strategy.1 In a previous review, we discussed the use 

of oral vinorelbine in patients with advanced breast cancer 

and non–small cell lung cancer, but a formal strategy for the 

achievement of consensus was not used.1

This paper presents the results of a series of consensus 

meetings held to clarify the role of mCHT, and oral vinorel-

bine in particular, in the management of advanced breast 

cancer. To this end, the nominal group technique (NGT) 

was applied, consistent with previous studies in the oncology 

setting.17–20 A summarizing meeting was planned using the 

Consensus Development Conference Technique.21

Materials and methods
The nGT
The NGT was used for this study, under the guidance of 

an expert methodologist (GLP). NGT is a method of gen-

erating consensus by involving a relatively small panel of 

experts who express their opinions, in a non-interactive 

way, about a “core question.” First, each individual in the 

group silently generates ideas and writes them down. Then, 

group members engage in a round-robin feedback session 

to concisely record each idea. Each recorded idea is then 

discussed to obtain clarification and evaluation. Individuals 

vote privately on the priority of ideas, and the group deci-

sion is made based on these ratings. This technique can be 

used with non-homogeneous groups (eg, groups including 

specialists from different areas), and it is especially suitable 

when achieving a consensus appears particularly difficult.17,18

The consensus development conference 
technique
Panel members are first provided with a systematic review 

on the topic(s) of interest. The panel weighs the information 

and reaches a consensus statement that addresses a set of 

predetermined questions. The consensus statement draft is 

then presented in a plenary session and is subject to review 

and comment by attendees. Following the discussion, the 

panel may then modify the statement if appropriate in the 

final executive session.

Meetings
In total, four NGT meetings were held all over the Italian 

territory during 2017. Sixteen participants were selected 

based on their experience with mBC and in using mCHT. 

During the meetings, current evidence, hot topics, and future 

developments on mCHT in the treatment of advanced breast 

cancer were collected and discussed. As Panel Facilitator, 

GLP moderated the discussion, giving each of the experts 

in sequence the opportunity to express their own “vision.” 

Each participant presented his/her own work in a “round-

robin” fashion. The panel facilitator also had the role of 

summarizing all the presentations in real-time for each of 

the areas of interest.

Ten “shared ideas” were identified: among these, five were 

judged to be the most relevant to the topic, namely 1) optimal 

dose and mCHT; 2) positioning of mCHT regimens; 3) out-

comes of response, biological, and clinical factors; 4) strength 

of current evidence; and 5) future perspectives.

During the final meeting, specific evidence related to 

each of these topics was presented. Preliminary statements 

on each topic were proposed and discussed to formulate 

a final version of each statement. Participants were then 

asked to express their agreement with each statement, using 

one of three responses (yes, no, abstain). A statement was 

considered approved if $85% of participants agreed on its 

formulation. Approved statements are presented in this docu-

ment in their final form.

Statements and supporting 
evidence
The final statements and the results of voting are summarized 

in Table 1.
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Optimal dose and mCHT
In addition to direct anti-proliferative effects, the indirect 

effects of mCHT on tumor cells primarily occur by modula-

tion of the tumor microenvironment via inhibition of angio-

genesis, stimulation of the immune response, and actions 

on stromal tissue.4 Although several studies have reported 

promising preliminary results with mostly oral therapy-based 

mCHT regimens, there is a lack of data about the optimal 

dose of different agents used in a metronomic fashion, either 

alone or in combination schedules.

A recent preclinical study, presented at the 2017 AACR 

congress, evaluated the effect of a metronomic regimen based 

on cyclophosphamide, 5-fluorouracil (5-FU), and vinorel-

bine on different immunological parameters.22 The type and 

the dosage of chemotherapy were important for achieving 

specific immunological effects. These findings are consis-

tent with those of the VICTOR-5 study, in which only half 

of all patients treated with vinorelbine showed depletion of 

T-regulatory lymphocytes compared with all of those receiv-

ing cyclophosphamide.23 Therefore, appropriate selection of 

the mCHT agent and its dosage appears important in terms 

of the immunological response to therapy.6

With specific reference to vinorelbine, the optimal bio-

logical dose (OBD) seems to be based on the evaluation of a 

specific biomarker, namely the maximum reduction in viable 

peripheral blood circulating vascular endothelial growth 

factor receptor 2-positive endothelial precursors (CEPs).12 

In humans, the OBD ranges between 40 and 50 mg/day.24 

Data from a study investigating the effects of metronomic 

versus standard doses of vinorelbine in in vitro models of 

triple-negative breast cancer were presented at the AACR-

SIC 2017 meeting.25 Overall, relevant anti-proliferative 

activity was observed in cells treated with metronomic 

vinorelbine compared with standard protocols. Importantly, 

Table 1 Final formulation of the statements and results of the voting

Topic Agreement (%) Disagreement (%) No opinion (%)

Optimal dose and mCHT

Preclinical and clinical evidence support the inhibition of angiogenesis by 
mCHT at clinical dosages

100 (15/15) – –

Immune effects of mCHT are still undefined 100 (14/14) – –

Preclinical and clinical evidence suggest a direct effect of mCHT on tumor cells 87 (13/15) 7 (1/15) 7 (1/15)

Positioning of mCHT regimens

CM regimen of mCHT can be considered as a maintenance therapy after 
standard adjuvant chemotherapy in high-risk triple negative patients

31 (5/16) 50 (8/16) 19 (3/16)

The role of mCHT in patients with triple-negative breast cancer needs 
further evaluation

81 (13/16) 6 (1/16) 12 (2/16)

mCHT can be considered, in association with trastuzumab, for selected HEr2+ 
patients in advanced lines of therapy or in those with Hr+ disease who do not 
need prompt response

87 (14/16) 12 (2/16) –

mCHT can be considered among current treatment options for metastatic 
disease in selected patients

100 (16/16) – –

Outcomes of response, biological, and clinical factors

There are no biomarkers commonly used in clinical practice, determinants 
of response or prognosis

100 (15/15) – –

Strength of current evidence

A treatment for which benefits outweigh the risks can be considered a 
therapeutic option even in the absence of randomized trials, provided that 
evidence is well-grounded and can be translated to “real-life” settings

93 (14/15) – 7 (1/15)

Future perspectives

Specific settings worthy of further investigations for mCHT are as follows:
1. HEr2+ patients
2. Adjuvant setting in triple-negative patients who show residual disease after 

completion of neo-adjuvant therapy
3. HEr2− patients, in association with biological agents

100 (15/15) – –

Abbreviations: −, negative; +, positive; CM, cyclophosphamide-methotrexate; Er, estrogen receptor; HEr2, human epidermal growth factor receptor 2; Hr, hormone 
receptor; mCHT, metronomic chemotherapy.
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lower drug concentrations, such as those administered within 

mCHT regimens, did not have any remarkable effects on 

cell death. Conversely, the higher dose utilized in standard 

regimens induced death and injury to non-malignant, as well 

as malignant, cells.

Pharmacokinetic (PK) data relating to metronomic drug 

administration are not available for all agents used in this 

setting.26 To our knowledge, definitive PK data are only 

available for mCHT with vinorelbine, cyclophosphamide, 

and 5-FU. In addition, PK data on triple combinations are 

scarce. The preliminary results of the VICTOR and VEX 

studies suggest that no additional toxicity occurs with the 

second and third agents when administered within a mCHT 

regimen.23,27 Ongoing studies seem to suggest a potential 

direct antitumoral effect of mCHT.25

Statements and voting
1. Preclinical and clinical evidence support the inhibition of 

angiogenesis by mCHT at clinical dosages (agreement: 

100% [15/15]).

2. Immune effects of mCHT are still undefined (agreement: 

100% [14/14]).

3. Preclinical and clinical evidence suggest a direct effect 

of mCHT on tumor cells (agreement: 87% [13/15]; dis-

agreement: 7% [1/15]; no opinion: 7% [1/15]).

Positioning of mCHT regimens
The introduction of mCHT as a therapeutic option for breast 

cancer treatment could represent a major breakthrough in the 

management of this disease. The ability to deliver continu-

ous administration of low-dose drugs facilitates prolonged 

treatment duration, minimizing drug-related toxicity and any 

potential adverse effects. Clinical experience and new clini-

cal study data suggest that this approach should primarily 

be offered to hormone receptor-positive (HR+) breast cancer 

patients at the moment. Ongoing studies in triple-negative 

and human epidermal growth factor receptor 2-positive 

(HER2+) metastatic disease will provide data on the role 

of mCHT in these particularly aggressive breast cancer 

subtypes.28

The 2017 European Society of Oncology (ESO)-

European Society of Medical Oncology (ESMO) Interna-

tional Consensus Guidelines for Advanced Breast Cancer 

state that mCHT is an attractive option, which has been 

evaluated in the advanced setting with promising efficacy 

and a good toxicity profile.29 However, randomized trials 

on this approach are lacking.29 Data from one randomized 

Phase II trial have shown that both letrozole and letrozole 

plus low-dose metronomic oral cyclophosphamide were 

effective as primary systemic treatment in elderly breast 

cancer patients.30

Although there is a lack of randomized clinical trials in 

mBC, mCHT has been shown to be effective and safe in 

multiple studies conducted in these patients, as reviewed 

previously.28 Overall, these studies suggest that mCHT has 

a favorable toxicity profile and is associated with a durable 

response. However, further investigations are needed to 

fully evaluate the positioning of mCHT regimens within 

the current treatment algorithm for advanced breast cancer.

In the adjuvant setting, only one study has investigated 

maintenance mCHT after standard chemotherapy.5 Overall, 

cyclophosphamide-methotrexate (CM) maintenance did not 

result in a significant improvement in disease-free survival in 

HR− early breast cancer.5 However, there was a trend toward 

benefit in the triple-negative, node-positive subgroup, thus 

supporting additional exploration of this strategy in higher 

risk patients with triple-negative breast cancer.

Statements and voting
1. CM regimen of mCHT can be considered as maintenance 

therapy after standard adjuvant chemotherapy in high-risk 

triple-negative patients (agreement: 31% [5/16]; disagree-

ment: 50% [8/16]; no opinion: 19% [3/16]).

2. The role of mCHT in patients with triple-negative breast 

cancer needs further evaluation. Agreement: 81% (13/16). 

Moreover, mCHT can be considered, in association with 

trastuzumab, for selected HER2+ patients in advanced 

lines of therapy (agreement: 87% [14/16]) or in those 

with HR+ disease who do not need prompt response 

(agreement: 87% [14/16]).

3. mCHT can be considered among current treatment 

options for metastatic disease in selected patients (agree-

ment: 100% [16/16]).

Outcomes of response, biological and 
clinical factors
Preclinical and clinical PK studies provide important data but 

only played a small role during the conceptual development 

of mCHT. New or planned randomized, prospective, clinical 

studies on mCHT should include PK/pharmacodynamic 

substudies, with the aim of defining personalized mCHT pro-

tocols and reliable biomarkers of resistance/responsiveness 

that can be monitored during treatment.

In a retrospective study, clinicopathological factors and 

clinical outcomes were compared between 52 patients who 

received metronomic regimens and 28 patients on other 
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cytotoxic regimens.31 Median time to treatment failure (TTF) 

and overall survival (OS) were significantly longer in the 

metronomic versus non-metronomic group (TTF: 15 vs 

4 months, P=0.0001; OS: 53 vs 28 months, P=0.0012). 

Almost all patients who responded to mCHT (94.4%) had 

hormone-sensitive luminal-type tumors.31 Similar find-

ings have been reported in other studies. In a sub-analysis 

of 18 elderly patients enrolled in the VICTOR-1 study, 

median time to progression (TTP) was 10.5 months (range 

1–40 months), with an objective response rate (ORR) of 

33% and a clinical benefit rate of 67%.32 In the VICTOR-2 

study, median TTP was 6.5 months in 28 patients with triple-

negative breast cancer and 8.3 months in those with HR+ 

disease (n=52).33 In the VEX study, 34% of the 65 patients 

in the pretreated group had received previous chemotherapy 

for advanced disease and 29% had received more than 

3 lines of hormonal and/or chemotherapy. Visceral disease at 

inclusion was reported in 71% of patients. The median TTP 

was 25.1 months in the treatment-naïve group (n=43) and 

11.2 months in the pretreated group.27 There was no differ-

ence in median TTP between patients who had received $3 

previous lines of therapy and those who had received 1 or 

2 lines in multivariate analysis. In addition, patients previ-

ously treated with hormonal therapy alone showed a trend to 

increased risk of progression versus those previously treated 

with chemotherapy (with or without hormonal therapy), but 

the difference was not statistically significant after adjustment 

for age, estrogen receptor (ER) and the possible prognostic 

marker, Ki67 status.

A sub-analysis of the VEX study assessed the relation-

ship between tumor-infiltrating lymphocytes (TILs) and TTP 

in 92 mBC patients treated with cyclophosphamide 50 mg 

daily, capecitabine 500 mg three times daily, and vinorelbine 

40 mg orally three times a week.34 Multivariable analysis 

showed that each 10% increase in TILs was associated with a 

shorter TTP (hazard ratio [HR]: 1.27, P=0.008). In addition, 

different TIL categories (0%–4%, 5%–9%, and .10%) were 

associated with different progression-free survival (PFS). 

These findings were consistent regardless of metastatic site. 

Although the above data provide indications of markers to 

be investigated further, definitive evidence for the ability 

of different markers to predict response to mCHT is not yet 

available.

Statements and voting
1. No biomarkers are commonly used in clinical practice, 

determinants of response, or prognosis (agreement: 100% 

[15/15]).

Strength of current evidence
There have been many Phase II studies on mCHT for mBC 

published over recent decades, demonstrating the interest of 

clinicians in this topic. In a systematic review of the literature 

on mCHT, 21 trials involving 1,135 patients with breast 

cancer were identified.35 A total of 107 treatment regimens 

including at least one metronomic agent were used, most 

commonly cyclophosphamide, capecitabine, etoposide, and 

vinorelbine. The pooled analysis showed that mCHT was 

associated with a mean response rate of 26%, a mean disease 

control rate of 56.3% and a response duration of 4.6 months. 

Moreover, the analyses confirmed that severe adverse events 

were rare during mCHT; the adverse event rate was ,5% 

and the mCHT-related mortality rate was 0.4%.35

Randomized trials are the gold standard for comparing 

the efficacy of different interventions. However, in clinical 

practice the concept of “directness” – ie, transferability of 

results – becomes important.36,37 Therefore, randomized 

trials should ideally include patients as similar as possible 

to those encountered in clinical practice and present results 

for the overall population because the limited sample size in 

some subgroup analyses may reduce the robustness of the 

findings. Observational studies generate results in settings 

closer to “real-life” than those derived from randomized 

trials and therefore can provide useful data on the effective-

ness of treatments.38 Importantly, the recent ESO-ESMO 

guidelines state that recommendations can be made on the 

basis of a proper evaluation of risks and benefits of a given 

intervention, even in the absence of randomized studies.29 The 

results of a recent randomized trial showed that the addition 

of metronomic oral cyclophosphamide to trastuzumab plus 

pertuzumab in older and frail patients with HER2+ mBC 

increased median PFS by 7 months compared with dual HER2 

blockade alone, with an acceptable safety profile.10 It was con-

sidered that the relative lack of randomized trial data compar-

ing mCHT to the standard schedule of chemotherapy in breast 

cancer should not preclude the development of recommenda-

tions and that all available therapies should be considered.

Statements and voting
1. A treatment for which benefits outweigh the risks can 

be considered a therapeutic option even in the absence 

of randomized trials, provided that evidence is well-

grounded and can be translated to “real-life” settings 

(agreement: 93% [14/15]; disagreement: 7% [1/15]).

Future perspectives
A number of questions relating to mCHT in mBC remain 

unanswered, including the role of mCHT in triple-negative 
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disease, comparison with standard regimens in Phase III 

trials, combination with targeted agents (especially immune 

checkpoint inhibitors), and role in the adjuvant setting for 

patients who did not achieve pCR with neoadjuvant treat-

ment, or who have low TILs in the residual tumor, both of 

which are associated with worse prognosis.

In a preclinical model of triple-negative breast cancer, a 

radiotherapy-assisted orally available mCHT delivered doxo-

rubicin continuously to irradiated tumors with high selectivity 

and low toxicity to normal tissues, allowing long-term use of 

the therapy.39 In a preclinical model of p53-deficient breast 

cancer, a combination of metronomic oral doxorubicin and 

the checkpoint kinase 1 inhibitor MK-8776 selectively 

improved the direct cytotoxic effect of doxorubicin on cancer 

cells, thereby significantly improving the therapeutic index.40

Although only two randomized trials have evaluated 

mCHT in breast cancer (one in the neoadjuvant setting and 

one in the metastatic setting),10,30 this should not prevent the 

formulation of recommendations for the use of mCHT in 

mBC. Furthermore, additional randomized controlled trials 

of mCHT in advanced breast cancer are needed in this setting 

and a number of them are underway (Table 2). Based on 

available data, mCHT can be considered suitable for specific 

populations of patients with non-aggressive disease (Table 3). 

Patients with more aggressive or rapidly progressing symp-

tomatic disease should receive standard chemotherapy1 as 

suggested by data from several studies.29 However, the pre-

liminary results of the ongoing VICTOR-6 study show how 

the new-generation metronomic regimens are associated with 

a higher ORR than older regimens in HER2− advanced breast 

cancer patients (32% vs 13.5%).41 Moreover, metronomic 

vinorelbine will be compared with standard-dose vinorelbine 

as first-line therapy in patients with HR+, HER2− mBC in 

the ongoing Phase II randomized TEMPO-Breast 01 trial.42 

Combination of mCHT strategies seems promising and is 

being investigated in several clinical trials. Details of the VEN-

TANA (NCT02802748), VICTORIANE (NCT02730091), 

M E T E O R A - I I  ( N C T 0 2 9 5 4 0 5 5 ) ,  V I C T O R - 3 

(NCT03358004), and MAVERICK (NCT03007992) stud-

ies are provided in Table 2.

Statements and voting
1. Specific settings worthy of further investigations for 

mCHT are as follows:

•	 HER2+ patients.

•	 Adjuvant setting in triple-negative patients who show 

residual disease after completion of neo-adjuvant 

therapy.

•	 HER2− patients in association with biological agents.

Agreement: 100% (15/15).

Commentary and conclusion
Further research is needed to fully elucidate the mecha-

nisms of action of mCHT, particularly with respect to 

Table 2 Ongoing studies of metronomic chemotherapy (mCHT)

Study name (ID) Breast cancer setting Treatment Primary endpoint

TEMPO-Breast 01 Hr+, HEr2− metastatic Metronomic oral V vs oral V as first-line therapy Disease control rate

VEnTAnA (nCT02802748) neo-adjuvant Oral metronomic V + L vs L Change in the expression of the 
PAM50 proliferation signature

ViCTOriAnE (nCT02954055) Advanced Metronomic V + E vs V PFS

METEOrA-ii (nCT02954055) Er+, HEr2−, metastatic, 
or locally relapsed

Metronomic V + C + CAPE vs weekly P TTF

ViCTOr-3 (nCT03358004) Triple-negative Metronomic V + CAPE vs metronomic CAPE 
alone as first-line therapy

PFS rate at 12 weeks

MAVEriCK (nCT03007992) HEr2− Metronomic V vs best supportive care Clinical benefit rate

Abbreviations: −, negative; +, positive; C, cyclophosphamide; CAPE, capecitabine; E, everolimus; Er, estrogen receptor; HEr2, human epidermal growth factor receptor 2; 
Hr, hormone receptor; L, letrozole; P, paclitaxel; PAM50, Prosigna Breast Cancer Prognostic Gene Signature Assay; PFS, progression-free survival; TTF, time to treatment 
failure; V, vinorelbine.

Table 3 Potential recommendations on the use of metronomic 
chemotherapy (mCHT) and standard chemotherapy (CT) in the 
breast cancer setting

mCHT preferred Standard CT 
preferred

Patients with slow-progressing disease 
(Er+/HEr2−, no or minimal bone and soft 
tissue lesions, and who are asymptomatic)

Patients with more 
aggressive disease

Patients with moderate bone progression and 
minimal symptoms

Patients with oligometastatic visceral disease 
and who are asymptomatic

Abbreviations: −, negative; +, positive; Er, estrogen receptor; HEr2, human 
epidermal growth factor receptor 2.
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anti-angiogenesis, immune response, and direct effects on 

cancer cells. Other important areas for future research are 

to identify biomarkers that predict response to mCHT and 

to define mechanisms of resistance for mCHT.
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