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ARTICLE INFO ABSTRACT

Two interesting therapeutic proposals for cancer treatment emerged at the beginning of the 21st century. The
first one was metronomic chemotherapy, which refers to the chronic administration of chemotherapeutic agents, in
low doses, without extended drug-free periods. Then, the idea of drug repositioning in oncology, the use of well-
known drugs that were created for other uses to be utilized in oncology, gained strength. Shortly after, the two
strategies were merged in one, named metronomics. Both approaches share several features which make me-
tronomics an appealing choice for cancer treatment: use of known and approved drugs, thus diminishing the time
necessary to enter to the clinic, therapeutic effect, low toxicity, oral administration, better life quality, low costs
because of the use of, generally, out of patent drugs, possibility of use, even in countries with very low economic
resources.

Many chemotherapy and repurposed drugs were tested with metronomics approaches for the treatment of
mammary cancer, the most common malignancy in women worldwide, leading to high rates of mortality. The
wide range of therapeutic models studied, paralleled the wide range of responses obtained, like tumor growth
and metastasis inhibition, overall survival increase, lack of toxicity, better life quality, among others. The ac-
complishments reached, and the challenges faced by researchers, are discussed.
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1. Introduction

Breast cancer is the most frequently diagnosed cancer and the most
common cause of cancer death among women in the world. GLOBOCAN
has estimated for 2018 an incidence of 24.2% and 15% of mortality
caused by cancer in women worldwide [1]. According to the latest
statistics, only in USA for 2019, are expected 268,600 new cases of
invasive breast cancer and 41,760 deaths from breast cancer [2]. In
Argentina, it represents the cancer with the highest incidence in women
with a rate of 73 new cases per 100.000 inhabitants [3].

The improvement of breast cancer treatments involves surgery,
chemotherapy, radiotherapy, hormone therapy, targeted therapies and,
more recently, the addition of immunotherapy. Those treatments has
increased the 5 years’ survival rates up to 99% for localized cancer but
it is still very low (27%) for metastatic disease [4]. The treatment of
cancer patients at later stages is more difficult and challenging, leading
both to poor clinical results and to a significant decrease in patients
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quality of life (QoL).

Standard chemotherapy treatments rely on the administration of
doses of drugs near the maximum tolerated dose (MTD). They cause
tumor cell death, but also, mild to severe toxicities. This kind of sche-
dule is typically administered every 3 weeks, with a long drug-free
period that allows patient’s recovery from the adverse effects of che-
motherapy. Unfortunately, the rest period also allows the regrowth of
cancer cells, eventually also selecting more aggressive and/or resistant
clones [5]. The conventional regimens have several drawbacks namely,
the acquired resistance against the administered compounds, the fre-
quent toxicities induced by them, with the consequence of QoL dete-
rioration. Last but not least, the high costs of novel treatments are
limiting the access to them in healthcare systems worldwide, and it has
been a topic of discussion in many countries, not only in low and middle
income, but also, in high income countries.

Those disadvantages fueled the search for effective treatments. This
search entails three goals that are equally important, at least from our
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point of view, namely: i) therapeutic efficacy; ii) good QoL for the
patients, an aspect somehow neglected up to now, and to which re-
searchers are giving more importance; importantly, this goal implies
the improvement of therapeutic compliance; and, not last in im-
portance, iii) economic viability, that is to say, ensuring that all the
patients have access to treatment, a situation that is not the case at
present in several low and middle income countries (LMIC).

Two interesting therapeutic proposals, posing different approaches
for the treatment of malignant tumors, emerged during the 21st cen-
tury.

The first one was metronomic chemotherapy (MCT), a term coined by
D. Hanahan [6] which refers to the chronic administration of che-
motherapeutic agents, in low doses, without extended rest periods. The
foundational papers of J. Folkman [7] and R. Kerbel [8] groups, set the
bases of this treatment modality. From then on, many other researchers
contributed with their investigations to increase the knowledge about
mechanisms of action, therapeutic effects for different tumor types in
different experimental models and, drugs suitable for their use in MCT
schedules both, for individual or combined treatments. Several reviews
have comprehensively summarized that work [9-16]. Nowadays, MCT
is considered a valid alternative for patients who progressed to several
lines of chemotherapy [17] and, importantly, for pediatric cancer in
LMIC [18].

The therapeutic effect of MCT is achieved through its antiangiogenic
action, mainly targeting the activated tumor blood vessels, which are
permanently inhibited by the chronic administration of low doses of
drugs. In contrast, standard chemotherapy, in spite of inhibiting the
proliferation of tumor endothelial cells, cannot maintain this effect,
because of the extended drug free brakes which allow the re-growth of
tumor vasculature. MCT inhibits, not only circulating endothelial cells
(CECs) but also endothelial progenitor cells (CEPs) [19,20,21], mod-
ulates pro- and/or antiangiogenic molecules like vascular endothelial
growth factor (VEGF) [9,22-24], soluble VEGF receptor 2 (sVEGFR-2)
[24-26], thrombospondin-1(TSP-1) [27,28], among others. Another
important mechanism of action of MCT consists in the restoration of the
antitumor immune response [10,29], through the inhibition of T reg-
ulatory cells [30,31] and mieloid-derived suppressor cells [32] and the
stimulation of dendritic cells [33]. The inhibition of cancer stem cells
(CSCs) has also been described as a probable mechanism. Kerbel et al
found that metronomic cyclophosphamide inhibited sphere forming of
C6 rat glioma CSCs. Also, it has been suggested that the inhibition of
tumor vasculature disrupts CSCs, thus antiangiogenic therapy could
also inhibit CSCs [34]. Also, the induction of tumor dormancy [16] or,
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even, a direct antitumor effect [10,35], have been proposed as re-
sponsible, at least in part, of the therapeutic effect of MCT (Fig. 1).

Several years after the beginning of MCT research, the idea of drug
repositioning in oncology, the use of well-known and characterized drugs
that were created for other uses to be utilized in oncology, gained
strength [36,37]. This is an interesting approach that points to widen
the repertoire of therapeutic resources without need of new pharma-
cologic developments but employing the ones that are already able to
be used. The advance in the knowledge of relationships between che-
mical structure and biologic activity and in the effect of different
compounds on gene expression and on metabolic and signaling path-
ways, made it possible to predict that many old drugs could be useful
for cancer treatment. That proposal is drawing the attention of many
oncologist, mainly because of the already known pharmacokinetics,
pharmacodynamics and toxicities profiles, a fact that significantly di-
minish the time necessary to translate it to the clinic.

Shortly after, the two strategies, metronomic chemotherapy and
drug repositioning, were merged in one named metronomics [38].

Both approaches share several features which make metronomics an
appealing choice for cancer treatment: use of known and approved
drugs, thus diminishing the time necessary to enter to the clinic, ther-
apeutic effect, low toxicity, oral administration, better quality of life,
low costs because of the use of, generally, out of patent drugs and, last
in order but not in importance, possibility of use even in countries with
very low economic resources.

Here, we shall summarize the main findings, both in the preclinical
and the clinical setting, in the use of metronomics for the treatment of
breast cancer.

2. Pre-clinical setting

Shortly after the launching of MCT research, with the first two
published papers [7,8], different experimental models were developed
in order to study the effect of drugs administered with a MCT schedule
for the treatment of breast cancer.

The use of single drugs in MCT for experimental breast cancer has
been scarce. Cyclophosphamide (CY), an alkylating agent that has been
used for more than 60 years for standard chemotherapy treatment, can
also be used in a metronomic regimen, and it was the first drug to be
used as monotherapy with a metronomic schedule. The combination of
metronomic daily oral low dose CY with intermittent bolus-dose CY
every 3 or 6 weeks, improved the therapeutic effect, delaying tumor
progression with very mild toxicity and reduction of circulating
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Fig. 1. Mechanisms responsible for the therapeutic effect of Metronomic Chemotherapy.
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endothelial progenitor cells [39]. Moreover, MCT with Paclitaxel (PTX)
showed a higher inhibition of primary and metastatic breast tumors and
lower toxicity than those obtained with MTD therapy, with decrease of
angiogenesis and lymphangiogenesis [40].

Apart from those experiences with single drugs, most of the re-
searchers investigating MCT used, from the very beginning, different
combinations of drugs, looking for good therapeutic results.
Cyclophosphamide administered continuously in the drinking water
with an antiangiogenic drug, DC101, in mice carrying tumors derived
from human breast cell lines, showed a significant antitumor efficacy,
proved to be safe, with a moderate grade of efficacy, and potentially
applicable to chronic treatment [41]. Klement et al obtained a sig-
nificant and lasting antitumor effect using a combination of low-dose/
metronomic Taxol, Vinblastine, or Adriamycin with VEGFR-2-blocking
antibody on multidrug-resistant tumors [42].

The effect of metronomic CY was evaluated not only as mono-
therapy but also in combination with many different agents. The
combination of metronomic low dose CY and weekly Tirapazamine, an
agent that exerts a selective cytotoxicity for hypoxic tumor cells, en-
hanced the antitumor effect [43]. The use of combined CY and UFT, a
4:1 M combination of Uracil and Tegafur, showed an antimetastatic
effect, in the absence of effect on localized primary tumors [44]. Vas-
cular disrupting agents (VDA) target established abnormal vasculature
by binding to endothelial cells-associated tubulin. The combination of
VDA OXI-4503 with a classic CY MCT showed better antitumor effect
than that obtained with the mono treatments. OXI-4503 was admini-
strated i.p. after 6 days of treatment with CY. The therapeutic effect,
achieved without toxicity, consisted of diminished microvessel density
and proliferation rates, together with increased tumor hypoxia and cell
apoptosis [45]. Francia et al demonstrated that Trastuzumab combined
with metronomic low-dose CY is effective in models of highly ag-
gressive Her-2" spontaneously metastatic human breast cancer. The
authors found a prolongation in survival and minimal toxicity with the
combined therapy [46]. The oral prodrug of Gemcitabine (GEM),
LY2334737, instead of GEM, that is administered i.p, achieved anti-
tumor effect alone or in combination with CY in a metronomic sche-
dule. LY2334737 did not suppress circulating endothelial progenitor
cells but increased vessel stability and functionality and caused higher
blood flow [35]. We demonstrated the antitumor and antimetastatic
effect of the combination of metronomic CY with Celecoxib (CEL), a
cyclooxygenase 2 inhibitor, in two triple negative murine mammary
tumor models [47]. Utilizing the same models, we combined MCT with
CY and Doxorubicin (DOX) with similar results [48]. In both studies the
therapeutic effect was achieved without toxicity. Together with a de-
crease of proliferation and an increase of apoptosis of the tumor cells,
there was a diminution in VEGF serum levels, indicating an anti-
angiogenic mechanism of action.

A novel therapeutic approach was the combination of metronomic
CY with USMB (ultrasound stimulated microbubbles) [49]. In this
study, the combination showed significant reduced tumor growth rates
and higher survival than that obtained with the individual treatments in
a TNBC murine model. The therapeutic schedule combining low dose
metronomic CY and Capecitabine (CAP) also produced antitumor and
antimetastatic effects [50].

The appearance and use of immune checkpoint inhibitors in the
treatment of several types of cancer [51] led to the assumption that
combining its administration with MCT would have a synergistic effect
on the antitumor immune response, increasing the therapeutic efficacy.
Parra demonstrated that anti-CTLA-4 therapy together with me-
tronomic CY, or the antibody followed by sequential therapy with GEM
reduced tumor growth. However, in some cases there were relapses and
the appearance of metastases [52].

Another attractive therapeutic approach is related to the use of
enzyme prodrug systems, which are able to minimize systemic toxicity.
The administration of CY at low doses, combined with a Tumor
Vasculature-targeted Enzyme Prodrug System and Rapamycin, acted
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synergistically decreasing tumor volumes, increasing survival and di-
minishing the number of lung metastatic nodules [53].

Recently, we found that MCT with CY plus Losartan, an angiotensin
IT receptor antagonist, is a successful drug combination that, interest-
ingly, caused 60% of complete regressions in a very aggressive murine
model of TNBC [54]. We also shed some light into the mechanisms
implicated in its antitumor effect, mainly pointing to different elements
of the tumor microenvironment like angiogenic factors, immune cells
and cancer associated fibroblasts, with the indirect/direct consequence
of tumor cells impairment. Recently, Orecchioni studied the antitumor
and antimetastatic effects of Vinorelbine (VRB), CY and 5-FU, three
orally active chemotherapeutics. The drugs had effect on circulating
and tumour-infiltrating immune cells in a TNBC model. The authors
studied the combination of the different drugs with checkpoint in-
hibitors anti-PD-1 and anti-PD-L1, a kind of antibodies that are active in
many types of cancers. They showed that the drugs had a synergic effect
with anti-PD-L1 [55].

Doxorubicin is one of the drugs that are frequently used in the
treatment of breast cancer. It was evaluated the in vivo antitumor effect
of metronomic low-dose oral DOX combined with Chkl (Checkpoint
kinase 1) inhibitor MK-8776. The abrogation of the Chkl checkpoint
could selectively exert lethality with low-concentration DOX, against
p53-deficient breast cancer by forcing the cells to accumulate
Doxorubicin-induced DNA damage. The animal studies showed that
MK-8776 improved the cytotoxic activity of MCT with DOX against
p53-deficient cancer cells, without showing systemic toxicity [56].
Also, in vivo and in vitro assays demonstrated that Methylglyoxal, a
glycolytic metabolite, produced a synergic effect in the cytotoxicity
mediated by DOX and Cisplatin in MDA MB 231 and MCF cell lines. The
combined treatment inhibited mammosphere formation, eliminating
cancer stem cells as well as non-stem cancer cells. [57].

Other combinations of agents were studied with a MCT schedule in
preclinical models, as well. Zhang and colleagues developed an effec-
tive therapeutic scheme, combining the use of CAP in a metronomic
scheme with Ginsenoside Rg3, the active ingredient in ginseng extract.
This combination was shown to have antiangiogenic effect, low toxicity
and lower susceptibility to drug resistance [58]. Moreover, Foy studied
the combination of peptide mimics with low dose chemotherapy. They
obtained antitumor effect combining low-dose PTX with either HER-2
or VEGF peptide mimics. Those results were obtained with little or null
cardiotoxicity [59].

The treatment that combined Sunitinib with oral Topotecan showed
antitumor activity on MDA-MB-231/LM2.4 tumors, with an increase in
survival. Those effects were not observed with the monotherapies [60].

Srivastava used an adjuvant scheme in a breast cancer model in
which they combined anti-AnG2 antibody, anti-VEGF antibody and
MCT with GEM. They obtained a significant reduction in metastatic
growth [61]. The therapeutic effect of combining Camellia sinensis
water extract and metronomic Zoledronate was investigated by Luo
et al. The authors showed significant antitumor effect and proved that
the combined treatment decreased lung and liver metastasis compared
to the individual treatments [62].

The combination of metronomic Topotecan and Pazopanib, an an-
tiangiogenic tyrosine kinase inhibitor, significantly enhanced antitumor
activity compared to monotherapy with both drugs and prolonged
survival, even in the advanced metastatic survival setting. These drugs
combination showed a marked decrease in tumor vascularity and pro-
liferative index and, also, induction of apoptosis [63].

Other researchers have explored different combinations with some
interesting results. Ko and colleagues showed that the combination of
metronomic Zoledronic acid plus an aqueous extract of Coriolus versi-
color, an immunomodulatory agent, diminished tumor growth and
metastasis appearance, in an intratibial breast tumor model [64].

We also studied the efficacy of a combination of Metformin and
Propranolol, two repurposed drugs, in TNBC murine models. In vitro
studies showed inhibition of proliferation, mitochondrial activity,
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Fig. 2. Future challenges in the field of Metronomics.

metronomic chemotherapy protocol reported in the clinic in breast
cancer patients by Colleoni [22] in 2002; their results stimulated the
development of subsequent studies by others. They found a response
ratio of near 20% with low and manageable toxicity. The addition of
Thalidomide (TH) to the metronomic protocol, did not improve the RR
[23] in another study conducted by the same author. A RR of 50% and
clinical benefit of 61% were obtained by Soriano-Garcia et al. in a small
clinical trial [70]; moreover, Salem reported encouraging RR and CB
(17% and 31%, respectively), in salvage therapy context [71]. On the
contrary, Gebbia et al. studying the effect of adding MTX to metronomic
CY, did not find statistically significant differences between cohorts
[72]. The addition of biological agents like Trastuzumab (TZB) or
Bevacizumab (BEV) might also add a synergic antiangiogenic effect in
HER2-positive patients, leading to a higher CB [73,74]. Many others
tried to get similar results in small trials using this scheme alone or
combined with other anti-cancer agents like the VEGFR inhibitor
Vandetanib (VAN) [75], Fulvestrant [76], non-anticancer drugs like TH
[23], Dalteparin and Prednisone [77] or Idiotype vaccine [78], however
outcomes showed non-significant therapeutic improvements.

3.2.2. Metronomic Capecitabine, and derivatives, in metastatic breast
cancer

Oral CAP allows the treatment of breast cancer, simulating the effect
of continuous infusion of 5-FU, with the advantage of its oral admin-
istration. The efficacy of CAP as monotherapy has been well established
for metastatic breast cancer resistant to both, taxanes and anthracy-
clines. The metronomic dose of CAP has not been established, and
ranges from 1000 to 1500 mg (500 mg p.o. three times/day), depending
if it is given alone or combined with other agents. Metronomic CAP, as
single agent therapy, demonstrated to be very effective with a RR of
24% in heavily pretreated MBC [79]. These outcomes vary from 21% to
30% with the addition of CY [80,81] or Fulvestrant [82]. Interestingly,
the addition of CY and BEV allowed obtaining an even better RR of 48%
and CB of 68% [83]. A Phase II Trial conducted by Montagna and
colleagues, designed to study the safety and the RR of a 4 drug com-
bination including CAP + CY + ERL + BEV [21] reached a RR of 62%
and 75% of CB, with moderate toxicity. In spite of these results, the
addition of biological agents, like BEV, to standard metronomic CAP is
still controversial and do not provide enough benefit to patients that
justify its cost [84].

Other agents like VRB + CAP, demonstrated activity [85,86]. Also,
Docetaxel (DTX) has been added to CAP in patients with prior

anthracycline exposure; metastatic breast cancer patients showed a RR
of 34% and a CB of 42% [87] with this metronomic treatment. Other
prodrugs from the family of Fluoropyrimidine, like TS-1, showed a RR
of 47% and a high disease control rate (CB) of 97% in combination with
Irinotecan [88].

3.2.3. Other schemes of metronomic treatment in advanced breast cancer

Many other schemes of MC have been tested. They include DTX
[89]; a 5-drug combination involving non-pegylated liposomal doxor-
ubicin (NPLD) [90]; CY + MA (Megestrol acetate) [91]; VRB [92];
CY + CEL [24] ; and PLD [93]. Interestingly, Addeo et al. found a 52%
RR and 77% CB in the treatment of brain metastases with concurrent
low dose Temozolomide (TMZ) + metronomic oral VRB, and whole-
brain radiotherapy in women with advanced breast cancer with pre-
viously untreated brain metastasis [94]. The highest OS was obtained in
a large trial using DTX + TZM (27.7 months) [89], followed by the
scheme with a 5-drug combination (21 months) [90] and PLD
(18.35 months) [93]. Several authors described the activity of empirical
low doses of oral etoposide in breast cancer [95]. In a phase II trial it
was demonstrated the activity of chronic etoposide in MBC with an
ORR of 35% and PR of 21% [96]. Also, the most recent multicenter
phase II trial of oral etoposide showed a CB of 21.3% with a median PFS
of 4.5 months [97].

Some metronomic schemes have also been evaluated as main-
tenance therapy in TNBC patients. Nasr KE et al developed a large
clinical trial using maintenance metronomic after adjuvant FEC
(Fluorouracil-Epirubicin-CY) and DTX and a control group without
maintenance; the study arm showed that DFS and OS were 28 and
37 months, respectively, compared to that of control groups of 24 and
29 months [98]. The treatment schemes, endpoints and main outcomes
of the cited clinical assays are shown in Table 2.

4. Challenges and future directions

In order to establish this proposal as a therapeutic tool among those
included in the standard of care for breast cancer, several issues are yet
to be solved. The experience obtained up to now, with advanced breast
cancer patients, allow us to conclude that MCT is an active and safe
therapeutic modality but, in many cases, still empirical. Having the
answers to those issues will enable to design optimal metronomic
chemotherapy schemes with improved outcomes (Fig. 2).

We should know the best drug candidates, a quality that implies not
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only clinical effectiveness but also low toxicity, possibility of oral ad-
ministration, known mechanisms of action and low cost. Also, there is
the need to identify the best drug, or drugs combination, or drugs
combined with other targeted or non-targeted agents, for each tumor or
histologic type.

Another important issue to be solved is the determination of the
optimal biological dose (OBD) for each agent and the intervals of ad-
ministration needed to reach it. Shaked [99], working with preclinical
tumor models, proposed the use of CEPs as biomarker to determine the
OBD in MCT treatments. Bocci and Kerbel called the attention on the
lack of well-established pharmacokinetic profiles and considered it the
main obstacle for proposing MCT treatments [100].

It is also necessary to have data about the best clinical setting, be it
neo-adjuvant, adjuvant or maintenance, for using metronomics in each
clinical case. Moreover, we need to establish the suitability of inter-
polating this therapeutic modality with other treatment approaches, for
which different clinical trials should be proposed and developed. For
instance, one possibility, among several, could be reducing the tumor
mass with standard chemotherapy and then continuing with me-
tronomics.

Although the generation of resistance to MCT was initially thought
to be significantly lower than that generated by MTD because of the
different cell target, MCT also induce resistance, albeit by different
mechanisms [101]. Different strategies to solve this problem were
studied in preclinical and clinical models using thrombospondin 1
peptide ABT-510, VEGF pathway inhibitors, AKT inhibitor V, autop-
hagy inducer rapamycin, autophagy inhibitor hydroxychloroquine and
the tumor stroma modulating agents rofecoxib and pioglitazone. These
therapeutic combinations may represent promising approaches to am-
plify MCT efficacy [102]. Hence, much knowledge is needed about
which drugs combination/schemes induce less resistance.

Another important issue to be addressed is the patient selection. The
identification of biomarkers, particularly the predictive ones, which can
significantly point out the patients that will respond to the treatment, is
still very scarce. Linked to this subject it is the method by which, the
efficacy of the therapy that determines when to stop MCT, is assessed.
Indeed, response criteria should be reviewed, because the Response
Evaluation Criteria in Solid Tumors (RESIST) or WHO criteria, which
are designed to detect early effects of cytotoxic chemotherapy, may not
provide a complete assessment of response in metronomic based
therapies [103]. Also, the use of metronomics in those scenarios of bad
performance status, increases the chances of not having good ther-
apeutic results.

Phase III trials for breast cancer treatment with metronomics must be
developed, in order to solve many of the unanswered questions. There
are scarce examples of Phase III clinical protocols [104,105]. Conse-
quently, based in the previous considerations, large multi-centered
clinical studies are needed to validate the best selection of the me-
tronomics treatment.

Another important need is to increase the information about the
benefits of the metronomic therapeutic approach in specialized media,
changing from traditional to modern communication media. Most of
the time it is mainly used for palliative care, even when the evidence
showed that is actually active.

Last but not least, it is relevant to know in detail the costs of each
therapeutic scheme, in order to choose those suitable for each country
situation. As it is already known, standard chemotherapy implies high
expenses, not only because of the costs of the patented drugs ad-
ministered, but also due to the need of intravenous administration,
which implies hospitalization, specialized personnel and disposable
items. Also, the costs of counteracting the adverse effects of the treat-
ments should be added. On the other hand, MCT generally uses generic
drugs in oral formulations, with low toxicity, thus avoiding all the re-
lated expenses. Therefore, the convenience of its use in countries with
limited medical resources is crystal clear. Moreover, André and col-
leagues [38] proposed the combination of metronomics with new
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business models in order to make easier and more affordable and effi-
cient the treatment of cancer in LMIC and, simultaneously, to favor the
research in this area. So, further efforts should be done to fulfill those
needs.

Ten international experts, in a report describing the current status of
the treatment of advanced breast cancer with MCT, concluded that the
already published preclinical and clinical data “is robust enough to
recommend considering this kind of therapy as a treatment option in
patients with MBC” [106]. In our opinion we should follow this re-
commendation and, at the same time, continue developing the clinical
protocols that will provide all the lacking information about how to
obtain the best results with the use of metronomics.

Credit authorship contribution statement

0. Graciela Scharovsky: Conceptualization, Writing - review &
editing. Maria José Rico: Writing - original draft. Leandro E.
Mainetti: Writing - original draft. Herman A. Perroud: Writing - ori-
ginal draft. Viviana R. Rozados: Conceptualization, Writing - original
draft.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

Financial support from Universidad Nacional de Rosario, Argentina
to OGS, VRR and MJR is gratefully acknowledged.

References

[1] F. Bray, J. Ferlay, I. Soerjomataram, R.L. Siegel, L.A. Torre, A. Jemal, Global
Cancer Statistics 2018: GLOBOCAN estimates of Incidence and mortality world-
wide for 36 cancers in 185 countries, CA Cancer J. Clin. 68 (2018) 394-424.
Breastcancer.org. https://www.breastcancer.org » symptoms > understand_bc »
statistics. 2019.

[3] IARC estimates for Argentina in 2018. https://www.argentina.gob.ar/salud/

instituto-nacional-del-cancer/estadisticas/incidencia. 2018.

American Cancer Society https://www.cancer.org/cancer/breast-cancer/

understanding-a-breast-cancer-diagnosis/breast-cancer-survival-rates.html. 2019.

[5] J.J. Kim, LF. Tannock, Repopulation of cancer cells during therapy: an important
cause of treatment failure, Nat. Rev. Cancer 5 (2005) 516-525.

[6] D. Hanahan, G. Bergers, E. Bergsland, Less is more, regularly: metronomic dosing
of cytotoxic drugs can target tumor angiogenesis in mice, J. Clin. Invest. 105
(2000) 1045-1047.

[7] T.Browder, C.E. Butterfield, B.M. Kriling, B. Shi, B. Marshall, M.S. O'Reilly, et al.,
Antiangiogenic scheduling of chemotherapy improves efficacy against experi-
mental drug-resistant cancer, Cancer Res. 60 (2000) 1878-1886.

[8] G. Klement, S. Baruchel, J. Rak, S. Man, K. Clark, D.J. Hicklin, et al., Continuous

low-dose therapy with vinblastine and VEGF receptor-2 antibody induces sus-

tained tumor regression without overt toxicity, J. Clin. Invest. 105 (2000)

R15-R24.

R.S. Kerbel, B. Kamen, The anti-angiogenic basis of metronomic chemotherapy,

Nat. Rev. Cancer 4 (2004) 423-436.

[10] O.G. Scharovsky, L.E. Mainetti, V.R. Rozados, Metronomic chemotherapy.
Changing the paradigm that more is better, Curr. Oncol. 16 (2009) 7-15.

[11] V. Noronha, M.V. Krishna, V. Patil, A. Joshi, S.D. Banavali, K. Prabhash,
Metronomic therapy: chemotherapy revisited, Indian J. Cancer 50 (2013)
142-148.

[12] K. Lien, S. Georgsdottir, L. Sivanathan, K. Chan, U. Emmenegger, Low-dose me-
tronomic chemotherapy: a systematic literature analysis, Eur. J. Cancer 49 (2013)
3387-3395.

[13] N. André, K. Tsai, M. Carré, E. Pasquier, Metronomic Chemotherapy: Direct
Targeting of Cancer Cells after all? Trends Cancer 3 (2017) 319-325.

[14] 1. Kareva, D.J. Waxman, Klement G. Lakka, Metronomic chemotherapy: an at-
tractive alternative to maximum tolerated dose therapy that can activate anti-
tumor immunity and minimize therapeutic resistance, Cancer Lett. 358 (2015)
100-106.

[15] A. Romiti, R. Falcone, M. Roberto, P. Marchetti, Current achievements and future
perspectives of metronomic chemotherapy, Invest. New Drugs 35 (2017) 359-374.

[16] G. Natale, G. Bocci, Does metronomic chemotherapy induce tumor angiogenic
dormancy? A review of available preclinical and clinical data, Cancer Lett. 432

[2

[4

[9


http://refhub.elsevier.com/S0006-2952(20)30137-4/h0005
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0005
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0005
https://www.breastcancer.org
https://www.argentina.gob.ar/salud/instituto-nacional-del-cancer/estadisticas/incidencia
https://www.argentina.gob.ar/salud/instituto-nacional-del-cancer/estadisticas/incidencia
https://www.cancer.org/cancer/breast-cancer/understanding-a-breast-cancer-diagnosis/breast-cancer-survival-rates.html
https://www.cancer.org/cancer/breast-cancer/understanding-a-breast-cancer-diagnosis/breast-cancer-survival-rates.html
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0025
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0025
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0030
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0030
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0030
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0035
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0035
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0035
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0040
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0040
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0040
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0040
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0045
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0045
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0050
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0050
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0055
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0055
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0055
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0060
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0060
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0060
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0065
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0065
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0070
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0070
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0070
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0070
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0075
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0075
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0080
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0080

O.G. Scharovsky, et al.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[371

[38]

[39]

[40]

(2018) 28-37.

National Comprehensive Cancer Network (NCCN). Clinical Practice Guidelines in
Oncology. Breast Cancer (Version 1.2019). National Comprehensive Cancer
Network, 2019.

G. Revon-Riviére, S. Banavali, L. Heississen, W. Gomez Garcia, B. Abdolkarimi,
M. Vaithilingum, et al., Metronomic chemotherapy for children in low and middle
incomes countries: survey of current practices and opinions of pediatric oncolo-
gists, J. Glob Oncol. 5 (2019) 1-8.

P. Mancuso, M. Colleoni, A. Calleri, L. Orlando, P. Maisonneuve, G. Pruneri, et al.,
Circulating endothelial-cell kinetics and viability predict survival in breast cancer
patients receiving metronomic chemotherapy, Blood 108 (2006) 452-459.

A. Calleri, A. Bono, V. Bagnardi, J. Quarna, P. Mancuso, C. Rabascio, et al.,
Predictive potential of angiogenic growth factors and circulating endothelial cells
in breast cancer patients receiving metronomic chemotherapy plus bevacizumab,
Clin. Cancer Res. 15 (2009) 7652-7657.

E. Montagna, G. Cancello, V. Bagnardi, D. Pastrello, S. Dellapasqua, G. Perri, et al.,
Metronomic chemotherapy combined with bevacizumab and erlotinib in patients
with metastatic HER2-negative breast cancer: clinical and biological activity, Clin
Breast Cancer 12 (2012) 207-214.

M. Colleoni, A. Rocca, M.T. Sandri, L. Zorzino, G. Masci, F. Nolg, et al., Low-dose
oral methotrexate and cyclophosphamide in metastatic breast cancer: antitumor
activity and correlation with vascular endothelial growth factor levels, Ann.
Oncol. 13 (2002) 73-80.

M. Colleoni, L. Orlando, G. Sanna, A. Rocca, P. Maisonneuve, G. Peruzzotti, et al.,
Metronomic low-dose oral cyclophosphamide and methotrexate plus or minus
thalidomide in metastatic breast cancer: antitumor activity and biological effects,
Ann. Oncol. 17 (2006) 232-238.

H.A. Perroud, M.J. Rico, C.M. Alasino, F. Queralt, L.E. Mainetti, S.M. Pezzotto,
et al., Safety and therapeutic effect of metronomic chemotherapy with cyclopho-
sphamide and celecoxib in advanced breast cancer patients, Future Oncol. 9
(2013) 451-462.

N. Denduluri, S.X. Yang, A.W. Berman, D. Nguyen, D.J. Liewehr, S.M. Steinberg,
et al., Circulating biomarkers of bevacizumab activity in patients with breast
cancer, Cancer Biol. Ther. 7 (2008) 15-20.

H.A. Perroud, M.J. Rico, C.M. Alasino, S.M. Pezzotto, V.R. Rozados,

0.G. Scharovsky, Association between baseline VEGF/sVEGFR-2 and VEGF/TSP-1
ratios and response to metronomic chemotherapy using cyclophosphamide and
celecoxib in patients with advanced breast cancer, Indian J. Cancer 50 (2013)
115-121.

G. Bocci, G. Francia, S. Man, J. Lawler, R.S. Kerbel, Thrombospondin 1, a mediator
of the antiangiogenic effects of low-dose metronomic chemotherapy, Proc. Natl.
Acad. Sci. U.S.A. 100 (2003) 12917-12922.

G. Taraboletti, M. Rusnati, L. Ragona, G. Colombo, Targeting tumor angiogenesis
with TSP-1-based compounds: rational design of antiangiogenic mimetics of en-
dogenous inhibitors, Oncotarget 1 (2010) 662-673.

M. Tongu, N. Harashima, H. Monma, T. Inao, T. Yamada, H. Kawauchi, et al.,
Metronomic chemotherapy with low-dose cyclophosphamide plus gemcitabine
can induce anti-tumor T cell immunity in vivo, Cancer Immunol. Inmunother. 62
(2013) 383-391.

F. Ghiringhelli, C. Menard, P.E. Puig, S. Ladoire, S. Roux, F. Martin, et al.,
Metronomic cyclophosphamide regimen selectively depletes CD4 + CD25+ reg-
ulatory T cells and restores T and NK effector functions in end stage cancer pa-
tients, Cancer Immunol. Immunother. 56 (2007) 641-648.

Y. Ge, C. Domschke, N. Stoiber, S. Schott, J. Heil, J. Rom, et al., Metronomic
cyclophosphamide treatment in metastasized breast cancer patients: im-
munological effects and clinical outcome, Cancer Immunol. Immunother. 61
(2012) 353-362.

D.M. Peereboom, T.J. Alban, M.M. Grabowski, A.G. Alvarado, B. Otvos, D. Bayik,
et al., Metronomic capecitabine as an immune modulator in glioblastoma patients
reduces myeloid-derived suppressor cells, JCI Insight 4 pii (2019) 130748.

P. Pastina, V. Nardone, S. Croci, G. Battaglia, F. Vanni, C. Bellan, et al., Anti-cancer
activity of dose-fractioned mPE + /- bevacizumab regimen is paralleled by im-
mune-modulation in advanced squamous NSLC patients, J. Thorac. Dis. 9 (2017)
3123-3131.

R.S. Kerbel, Y. Shaked, The potential clinical promise of ‘multimodality’ me-
tronomic chemotherapy revealed by preclinical studies of metastatic disease,
Cancer Lett. 400 (2017) 293-304.

G. Francia, Y. Shaked, K. Hashimoto, J. Sun, M. Yin, C. Cesta, et al., Low-dose
metronomic oral dosing of a prodrug of gemcitabine (LY2334737) causes anti-
tumor effects in the absence of inhibition of systemic vasculogenesis, Mol. Cancer
Ther. 11 (2012) 680-689.

P. Pantziarka, G. Bouche, L. Meheus, V. Sukhatme, V.P. Sukhatme, P. Vikas, The
Repurposing Drugs in Oncology (ReDO) Project, Ecancermedicalscience 8 (2014)
442,

P. Pantziarka, G. Bouche, L. Meheus, V. Sukhatme, V.P. Sukhatme, Repurposing
drugs in your medicine cabinet: untapped opportunities for cancer therapy?
Future Oncol. 11 (2015) 181-184.

N. André, S. Banavali, Y. Snihur, E. Pasquier, Has the time come for metronomics
in low-income and middle-income countries? Lancet Oncol. 14 (2013) e239-e248.
Y. Shaked, U. Emmenegger, G. Francia, L. Chen, C.R. Lee, S. Man, et al., Low-dose
metronomic combined with intermittent bolus-dose cyclophosphamide is an ef-
fective long-term chemotherapy treatment strategy, Cancer Res. 65 (16) (2005)
7045-7051.

H. Jiang, W. Tao, M. Zhang, S. Pan, J.R. Kanwar, X. Sun, Low-dose metronomic
paclitaxel chemotherapy suppresses breast tumors and metastases in mice, Cancer
Invest. 28 (2010) 74-84.

10

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Biochemical Pharmacology 175 (2020) 113909

S. Man, G. Bocci, G. Francia, S.K. Green, S. Jothy, D. Hanahan, et al., Antitumor
effects in mice of low-dose (metronomic) cyclophosphamide administered con-
tinuously through the drinking water, Cancer Res. 62 (2002) 2731-2735.

G. Klement, P. Huang, B. Mayer, S.K. Green, S. Man, P. Bohlen, et al., Differences
in therapeutic indexes of combination metronomic chemotherapy and an anti-
VEGFR-2 antibody in multidrug-resistant human breast cancer xenografts, Clin.
Cancer Res. 8 (1) (2002) 221-232.

U. Emmenegger, G.C. Morton, G. Francia, Y. Shaked, M. Franco, A. Weinerman,
et al., Low-dose metronomic daily cyclophosphamide and weekly tirapazamine: a
well-tolerated combination regimen with enhanced efficacy that exploits tumor
hypoxia, Cancer Res. 66 (3) (2006) 1664-1674.

R. Munoz, S. Man, Y. Shaked, C.R. Lee, J. Wong, G. Francia, et al., Highly effi-
cacious nontoxic preclinical treatment for advanced metastatic breast cancer using
combination oral UFT-cyclophosphamide metronomic chemotherapy, Cancer Res.
66 (7) (2006) 3386-3391.

L.G. Daenen, Y. Shaked, S. Man, P. Xu, E.E. Voest, R.M. Hoffman, et al., Low-dose
metronomic cyclophosphamide combined with vascular disrupting therapy in-
duces potent antitumor activity in preclinical human tumor xenograft models,
Mol. Cancer. Ther 8 (10) (2009) 2872-2881.

G. Francia, S. Man, C.J. Lee, C.R. Lee, P. Xu, M.E. Mossoba, et al., Comparative
impact of trastuzumab and cyclophosphamide on HER-2-positive human breast
cancer xenografts, Clin. Cancer Res. 15 (20) (2009) 6358-6366.

L.E. Mainetti, V.R. Rozados, A. Rossa, R.D. Bonfil, O.G. Scharovsky, Antitumoral
and antimetastatic effects of metronomic chemotherapy with cyclophosphamide
combined with celecoxib on murine mammary adenocarcinomas, J. Cancer Res.
Clin. Oncol. 137 (2011) 151-163.

L.E. Mainetti, M.J. Rico, M.V. Fernandez-Zenobi, H.A. Perroud, E.A. Roggero,
V.R. Rozados, et al., Therapeutic efficacy of metronomic chemotherapy with cy-
clophosphamide and doxorubicin on murine mammary adenocarcinomas, Ann.
Oncol. 24 (2013) 2310-2316.

M. Todorova, V. Agache, O. Mortazavi, B. Chen, R. Karshafian, K. Hynynen, et al.,
Antitumor effects of combining metronomic chemotherapy with the antivascular
action of ultrasound stimulated microbubbles, Int J Cancer 132 (12) (2013)
2956-2966.

Y. Shaked, E. Pham, S. Hariharan, K. Magidey, O. Beyar-Katz, P. Xu, et al.,
Evidence Implicating Immunological Host Effects in the Efficacy of Metronomic
Low-Dose Chemotherapy, Cancer Res. 76 (20) (2016) 5983-5993.

E.I. Buchbinder, A. Desai, CTLA-4 and PD-1 pathways: Similarities, differences,
and implications of their inhibition, Am. J. Clin. Oncol. 39 (2016) 98-106.

K. Parra, P. Valenzuela, N. Lerma, A. Gallegos, L.C. Reza, G. Rodriguez, et al.,
Impact of CTLA-4 blockade in conjunction with metronomic chemotherapy on
preclinical breast cancer growth, Br. J. Cancer 116 (2017) 324-334.

J.J. Krais, N. Virani, P.H. McKernan, Q. Nguyen, K.M. Fung, V.I. Sikavitsas, et al.,
Antitumor Synergism and Enhanced Survival with a Tumor Vasculature-Targeted
Enzyme Prodrug System, Rapamycin, and Cyclophosphamide, Mol. Cancer Ther.
16 (2017) 1855-1865.

Guercetti J, Mainetti LE, Grillo MC, Del Gitdice A, Baglioni MV, Caceres JM, et al.
Metronomic chemotherapy with cyclophosphamide (Cy) and the repositioned
drug losartan (Los) for the treatment of M-234p triple negative murine mammary
adenocarcinoma. In: Proc Annu Meet Am Assoc Cancer Res 50:1, 2018.

S. Orecchioni, G. Talarico, V. Labanca, A. Calleri, P. Mancuso, F. Bertolini,
Vinorelbine, cyclophosphamide and 5-FU effects on the circulating and in-
tratumoural landscape of immune cells improve anti-PD-L1 efficacy in preclinical
models of breast cancer and lymphoma, Br. J. Cancer 118 (10) (2018) 1329-1336.
S.W. Chung, G.C. Kim, S. Kweon, H. Lee, J.U. Choi, F. Mahmud, et al., Metronomic
oral doxorubicin in combination of Chk1 inhibitor MK-8776 for p53-deficient
breast cancer treatment, Biomaterials 182 (2018) 35-43.

A. Roy, S. Sarker, P. Upadhyay, A. Pal, A. Adhikary, K. Jana, et al., Methylglyoxal
at metronomic doses sensitizes breast cancer cells to doxorubicin and cisplatin
causing synergistic induction of programmed cell death and inhibition of stem-
ness, Biochem. Pharmacol. 156 (2018) 322-339.

Q. Zhang, X. Kang, B. Yang, J. Wang, F. Yang, Antiangiogenic effect of capecita-
bine combined with ginsenoside Rg3 on breast cancer in mice, Cancer Biother.
Radiopharm. 23 (5) (2008) 647-653.

K.C. Foy, M.J. Miller, N. Moldovan, T. Bozanovic, W.E. Carson 3rd, P.T. Kaumaya,
Immunotherapy with HER-2 and VEGF peptide mimics plus metronomic paclitaxel
causes superior antineoplastic effects in transplantable and transgenic mouse
models of human breast cancer, Oncoimmunology 1 (7) (2012) 1004-1016.

R.S. Kerbel, E. Guerin, G. Francia, P. Xu, C.R. Lee, J.M. Ebos, et al., Preclinical
recapitulation of antiangiogenic drug clinical efficacies using models of early or
late stage breast cancer metastatis, Breast 22 (Suppl 2) (2013) S57-S65.

K. Srivastava, J. Hu, C. Korn, S. Savant, M. Teichert, S.S. Kapel, et al., Postsurgical
adjuvant tumor therapy by combining anti-angiopoietin-2 and metronomic che-
motherapy limits metastatic growth, Cancer Cell 26 (6) (2014) 880-895.

K.W. Luo, G.G. Yue, C.H. Ko, S. Gao, J.K. Lee, G. Li, et al., The combined use of
Camellia sinensis and metronomic zoledronate in 4T1 mouse carcinoma against
tumor growth and metastasis“, Oncol. Rep. 34 (1) (2015) 477-487.

T. Di Desidero, P. Xu, S. Man, G. Bocci, R.S. Kerbel, Potent efficacy of metronomic
topotecan and pazopanib combination therapy in preclinical models of primary or
late stage metastatic triple-negative breast cancer, Oncotarget 6 (2015)
42396-42410.

C.H. Ko, G.G. Yue, S. Gao, K.W. Luo, W.S. Siu, W.T. Shum, et al., Evaluation of the
combined use of metronomic zoledronic acid and Coriolus versicolor in intratibial
breast cancer mouse model, J. Ethnopharmacol. 204 (2017) 77-85.

M. Rico, M. Baglioni, M. Bondarenko, N.C. Laluce, V. Rozados, N. André, et al.,
Metformin and propranolol combination prevents cancer progression and


http://refhub.elsevier.com/S0006-2952(20)30137-4/h0080
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0090
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0090
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0090
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0090
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0095
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0095
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0095
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0100
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0100
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0100
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0100
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0105
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0105
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0105
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0105
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0110
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0110
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0110
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0110
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0115
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0115
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0115
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0115
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0120
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0120
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0120
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0120
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0125
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0125
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0125
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0130
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0130
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0130
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0130
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0130
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0135
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0135
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0135
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0140
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0140
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0140
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0145
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0145
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0145
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0145
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0150
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0150
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0150
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0150
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0155
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0155
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0155
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0155
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0160
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0160
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0160
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0165
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0165
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0165
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0165
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0170
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0170
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0170
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0175
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0175
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0175
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0175
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0180
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0180
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0180
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0185
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0185
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0185
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0190
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0190
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0195
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0195
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0195
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0195
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0200
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0200
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0200
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0205
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0205
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0205
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0210
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0210
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0210
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0210
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0215
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0215
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0215
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0215
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0220
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0220
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0220
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0220
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0225
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0225
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0225
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0225
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0230
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0230
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0230
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0235
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0235
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0235
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0235
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0240
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0240
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0240
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0240
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0245
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0245
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0245
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0245
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0250
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0250
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0250
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0255
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0255
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0260
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0260
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0260
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0265
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0265
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0265
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0265
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0275
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0275
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0275
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0275
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0280
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0280
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0280
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0285
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0285
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0285
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0285
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0290
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0290
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0290
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0295
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0295
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0295
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0295
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0300
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0300
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0300
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0305
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0305
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0305
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0310
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0310
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0310
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0315
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0315
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0315
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0315
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0320
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0320
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0320
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0325
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0325

O.G. Scharovsky, et al.

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[771

[78]

[791]

[80]

[81]

[82]

[83]

[84]

[85]

metastasis in different breast cancer models, Oncotarget 8 (2017) 2874-2889.

A. Bottini, D. Generali, M.P. Brizzi, S.B. Fox, A. Bersiga, S. Bonardi, et al.,
Randomized phase II trial of letrozole and letrozole plus low-dose metronomic oral
cyclophosphamide as primary systemic treatment in elderly breast cancer patients,
J. Clin. Oncol. 24 (2006) 3623-3628.

S. Dellapasqua, M. Mazza, D. Rosa, R. Ghisini, ScaranoR,, et al., Pegylated lipo-
somal doxorubicin in combination with low-dose metronomic cyclophosphamide
as preoperative treatment for patients with locally advanced breast cancer, Breast
20 (2011) 319-323.

G. Cancello, V. Bagnardi, C. Sangalli, E. Montagna, S. Dellapasqua, A. Sporchia,
et al., Phase II study with epirubicin, cisplatin, and infusional fluorouracil fol-
lowed by weekly paclitaxel with metronomic cyclophosphamide as a preoperative
treatment of triple-negative breast cancer, Clin Breast Cancer 15 (2015) 259-265.
V. Petry, D.M. Gagliato, A.L. Leal, R.J. Arai, E. Longo, F. Andrade, et al.,
Metronomic chemotherapy in the neoadjuvant setting: results of two parallel
feasibility trials (TraQme and TAME) in patients with HER2+ and HER2- locally
advanced breast cancer, Braz. J. Med. Biol. Res. 48 (2015) 479-485.

J.L. Soriano Garcia, M. Lima Pérez, J. Gonzélez Gonzalez, N. Batista Albuerne,
M.V. Lépez Soto, M. Rodriguez Menéndez, et al., Quimioterapia metronémica con
ciclofosfamida y metotrexato en pacientes con cancer de mama metastasico en
progresién, Revista Cubana de Medicina 48 (2) (2009).

D.A. Salem, N.M. Gado, N.N. Abdelaziz, A.E. Essa, Z.M. Abdelhafeez, T.H. Kamel,
Phase 1II trial of metronomic chemotherapy as salvage therapy for patients with
metastatic breast cancer.“, J Egypt Natl Canc Inst 20 (2008) 134-140.

V. Gebbia, H. Boussen, M.R. Valerio, Oral metronomic cyclophosphamide with
and without methotrexate as palliative treatment for patients with metastatic
breast carcinoma, Anticancer Res. 32 (2012) 529-536.

L. Orlando, A. Cardillo, R. Ghisini, A. Rocca, A. Balduzzi, R. Torrisi, et al.,
Trastuzumab in combination with metronomic cyclophosphamide and metho-
trexate in patients with HER-2 positive metastatic breast cancer, BMC Cancer 6
(2006) 225.

J.A. Garcia-Saenz, M. Martin, A. Calles, A. Bueno, L. Rodriguez, J. Bobokova,

et al., Bevacizumab in combination with metronomic chemotherapy in patients
with anthracycline- and taxane-refractory breast cancer, J. Chemother. 20 (2008)
632-639.

E.L. Mayer, S.J. Isakoff, G. Klement, S.R. Downing, W.Y. Chen, K. Hannagan, et al.,
Combination antiangiogenic therapy in advanced breast cancer: a phase 1 trial of
vandetanib, a VEGFR inhibitor, and metronomic chemotherapy, with correlative
platelet proteomics, Breast Cancer Res. Treat. 136 (2012) 169-178.

G. Aurilio, E. Munzone, E. Botteri, A. Sciandivasci, L. Adamoli, I. Minchella, et al.,
Oral metronomic cyclophosphamide and methotrexate plus fulvestrant in ad-
vanced breast cancer patients: a mono-institutional case-cohort report, Breast J. 18
(2012) 470-474.

N.S. Wong, R.A. Buckman, M. Clemons, S. Verma, S. Dent, M.E. Trudeau, et al.,
Phase I/11 trial of metronomic chemotherapy with daily dalteparin and cyclo-
phosphamide, twice-weekly methotrexate, and daily prednisone as therapy for
metastatic breast cancer using vascular endothelial growth factor and soluble
vascular endothelial growth factor receptor levels as markers of response, J. Clin.
Oncol. 28 (2010) 723-730.

J.L. Soriano, N. Batista, E. Santiesteban, M. Lima, J. Gonzalez, R. Garcia, et al.,
Metronomic Cyclophosphamide and Methotrexate Chemotherapy Combined with
1E10 Anti-Idiotype Vaccine in Metastatic Breast Cancer, Int J Breast Cancer 2011
(2011) 710292.

P. Fedele, A. Marino, L. Orlando, P. Schiavone, A. Nacci, F. Sponziello, et al.,
Efficacy and safety of low-dose metronomic chemotherapy with capecitabine in
heavily pretreated patients with metastatic breast cancer, Eur. J. Cancer 48 (2012)
24-29.

L.R. El-Arab, M. Swellam, M.M. El Mahdy, Metronomic chemotherapy in meta-
static breast cancer: impact on VEGF, J Egypt Natl Canc Inst 24 (2012) 15-22.
Z. Wang, J. Lu, S. Leaw, X. Hong, J. Wang, Z. Shao, et al., An all-oral combination
of metronomic cyclophosphamide plus capecitabine in patients with anthracy-
cline- and taxane-pretreated metastatic breast cancer: a phase II study, Cancer
Chemother. Pharmacol. 69 (2012) 515-522.

L.S. Schwartzberg, G. Wang, B.G. Somer, L.J. Blakely, B.M. Wheeler, M.S. Walker,
et al., Phase II trial of fulvestrant with metronomic capecitabine for post-
menopausal women with hormone receptor-positive, HER2-negative metastatic
breast cancer, Clin Breast Cancer 14 (2014) 13-19.

S. Dellapasqua, F. Bertolini, V. Bagnardi, E. Campagnoli, E. Scarano, R. Torrisi,
et al., Metronomic cyclophosphamide and capecitabine combined with bev-
acizumab in advanced breast cancer, J. Clin. Oncol. 26 (2008) 4899-4905.

S. Dyar, A. Moreno-Aspitia, et al., Efficacy of bevacizumab-capecitabine in com-
bination for the first-line treatment of metastatic breast cancer, Breast Cancer
(Auckl) 5 (2011) 239-246.

Z. Saridaki, N. Malamos, P. Kourakos, A. Polyzos, A. Ardavanis, N. Androulakis,
et al., A phase I trial of oral metronomic vinorelbine plus capecitabine in patients

11

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

Biochemical Pharmacology 175 (2020) 113909

with metastatic breast cancer, Cancer Chemother. Pharmacol. 69 (2012) 35-44.
M.E. Cazzaniga, V. Torri, F. Villa, N. Giuntini, F. Riva, ZeppeA,, et al., Efficacy and
Safety of the All-Oral Schedule of Metronomic Vinorelbine and Capecitabine in
Locally Advanced or Metastatic Breast Cancer Patients: The Phase I-II VICTOR-1
Study, Int J Breast Cancer 2014 (2014) 769790.

S.D. Young, R.M. Lafrenie, M.J. Clemons, Phase ii trial of a metronomic schedule
of docetaxel and capecitabine with concurrent celecoxib in patients with prior
anthracycline exposure for metastatic breast cancer, Curr Oncol 19 (2012)
e75-e83.

H. Otsuka, T. Fujii, U. Toh, N. Iwakuma, R. Takahashi, M. Mishima, et al., Phase II
clinical trial of metronomic chemotherapy with combined irinotecan and tegafur-
gimeracil-oteracil potassium in metastatic and recurrent breast cancer, Breast
Cancer 22 (2015) 335-342.

1. Korantzis, K.T. Kalogeras, G. Papaxoinis, V. Kotoula, A. Koutras, N. Soupos,

et al., Expression of angiogenic markers in the peripheral blood of patients with
advanced breast cancer treated with weekly docetaxel, Anticancer Res. 32 (2012)
4569-4580.

L. Manso, N. Valdiviezo, J. Sepulveda, E. Ciruelos, C. Mendiola, I. Ghanem, et al.,
Safety and efficacy of metronomic non-pegylated liposomal encapsulated doxor-
ubicin in heavily pretreated advanced breast cancer patients, Clin. Transl. Oncol.
15 (2013) 467-471.

A. Licchetta, P. Correale, C. Migali, C. Remondo, E. Francini, A. Pascucci, et al.,
Oral metronomic chemo-hormonal-therapy of metastatic breast cancer with cy-
clophosphamide and megestrol acetate, J. Chemother. 22 (2012) 201-204.

R. Addeo, A. Sgambato, G. Cennamo, L. Montella, V. Faiola, A. Abbruzzese, et al.,
Low-dose metronomic oral administration of vinorelbine in the first-line treatment
of elderly patients with metastatic breast cancer, Clin Breast Cancer 10 (2010)
301-306.

E. Munzone, A. Di Pietro, A. Goldhirsch, I. Minchella, E. Verri, M. Cossu Rocca,
et al., Metronomic administration of pegylated liposomal-doxorubicin in ex-
tensively pre-treated metastatic breast cancer patients: a mono-institutional case-
series report, Breast 19 (2010) 33-37.

R. Addeo, P. Sperlongano, L. Montella, B. Vincenzi, M. Carraturo, P. Iodice, et al.,
Protracted low dose of oral vinorelbine and temozolomide with whole-brain
radiotherapy in the treatment for breast cancer patients with brain metastases,
Cancer Chemother. Pharmacol. 70 (2012) 603-609.

M. Bontenbal, A.S. Planting, J. Verweij, R. de Wit, W.H. Kruit, G. Stoter, et al.,
Second-line chemotherapy with long-term low-dose oral etoposide in patients with
advanced breast cancer, Breast Cancer Res. Treat. 34 (1995) 185-189.

M. Martin, A. Lluch, A. Casado, P. Santabarbara, E. Adrover, J.J. Valverde, et al.,
Clinical activity of chronic oral etoposide in previously treated metastatic breast
cancer, J. Clin. Oncol. 12 (1994) 986-991.

P. Yuan, L. Di, X. Zhang, M. Yan, D. Wan, L. Li, et al., Efficacy of oral Etoposide in
pretreated metastatic breast cancer: a multicenter phase 2 study, Medicine
(Baltimore) 94 (2012) e774.

K.E. Nasr, M.A. Osman, M.S. Elkady, M.A. Ellithy, Metronomic methotrexate and
cyclophosphamide after carboplatin included adjuvant chemotherapy in triple
negative breast cancer: a phase III study, Ann Transl Med 3 (2015) 284.

Y. Shaked, U. Emmenegger, S. Man, D. Cervi, F. Bertolini, Y. Ben-David, et al.,
Optimal biologic dose of metronomic chemotherapy regimens is associated with
maximum antiangiogenic activity, Blood 106 (2005) 3058-3061.

G. Bocci, R.S. Kerbel, Pharmacokinetics of metronomic chemotherapy: a neglected
but crucial aspect, Nat. Rev. Clin. Oncol. 13 (2016) 659-673.

A. Chow, A. Wong, G. Francia, S. Man, R.S. Kerbel, U. Emmenegger, Preclinical
analysis of resistance and cross-resistance to low-dose metronomic chemotherapy,
Invest. New Drugs 32 (2014) 47-59.

M. Riesco-Martinez, K. Parra, R. Saluja, G. Francia, U. Emmenegger, Resistance to
metronomic chemotherapy and ways to overcome it, Cancer Lett. 400 (2017)
311-318.

J.D. Wolchok, A. Hoos, S. O'Day, J.S. Weber, O. Hamid, C. Lebbé, et al., Guidelines
for the evaluation of immune therapy activity in solid tumors: immune-related
response criteria, Clin. Cancer Res. 15 (2009) 7412-7420.

G. Pruneri, K.P. Gray, A. Vingiani, G. Viale, G. Curigliano, C. Criscitiello, et al.,
Tumor-infiltrating lymphocytes (TILs) are a powerful prognostic marker in pa-
tients with triple-negative breast cancer enrolled in the IBCSG phase III rando-
mized clinical trial 22-00, Breast Cancer Res. Treat. 158 (2016) 323-331.

C. Rochlitz, M. Bigler, R. von, Moos, Bernhard, J,Matter-Walstra, K,, Wicki, A,,
et al., SAKK 24/09: safety and tolerability of bevacizumab plus paclitaxel vs.
bevacizumab plus metronomic cyclophosphamide and capecitabine as first-line
therapy in patients with HER2-negative advanced stage breast cancer - a multi-
center, randomized phase III trial, BMC Cancer 16 (1) (2016) 780.

M.E. Cazzaniga, E. Munzone, G. Bocci, N. Afonso, P. Gomez, et al., Pan-European
Expert Meeting on the use of Metronomic Chemotherapy in Advanced Breast
Cancer Patients: The PENELOPE Project, Adv Ther 36 (2019) 381-406.


http://refhub.elsevier.com/S0006-2952(20)30137-4/h0325
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0330
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0330
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0330
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0330
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0335
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0335
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0335
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0335
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0340
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0340
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0340
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0340
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0345
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0345
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0345
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0345
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0350
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0350
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0350
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0350
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0355
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0355
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0355
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0360
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0360
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0360
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0365
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0365
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0365
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0365
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0370
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0370
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0370
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0370
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0375
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0375
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0375
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0375
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0380
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0380
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0380
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0380
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0385
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0385
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0385
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0385
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0385
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0385
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0390
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0390
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0390
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0390
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0395
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0395
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0395
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0395
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0400
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0400
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0405
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0405
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0405
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0405
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0410
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0410
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0410
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0410
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0415
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0415
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0415
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0420
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0420
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0420
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0430
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0430
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0430
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0435
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0435
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0435
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0435
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0440
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0440
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0440
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0440
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0445
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0445
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0445
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0445
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0450
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0450
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0450
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0450
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0455
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0455
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0455
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0455
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0460
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0460
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0460
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0465
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0465
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0465
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0465
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0470
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0470
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0470
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0470
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0475
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0475
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0475
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0475
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0480
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0480
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0480
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0485
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0485
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0485
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0490
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0490
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0490
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0495
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0495
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0495
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0500
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0500
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0500
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0505
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0505
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0510
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0510
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0510
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0515
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0515
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0515
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0520
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0520
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0520
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0525
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0525
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0525
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0525
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0530
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0530
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0530
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0530
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0530
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0535
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0535
http://refhub.elsevier.com/S0006-2952(20)30137-4/h0535

	Achievements and challenges in the use of metronomics for the treatment of breast cancer
	Introduction
	Pre-clinical setting
	Clinical setting
	Metronomic chemotherapy in the neoadjuvant setting of locally advanced breast cancer (LABC) treatment
	Metronomic chemotherapy in the metastatic setting of breast cancer treatment
	Metronomic Cyclophosphamide plus Methotrexate and other agents in metastatic breast cancer
	Metronomic Capecitabine, and derivatives, in metastatic breast cancer
	Other schemes of metronomic treatment in advanced breast cancer


	Challenges and future directions
	Credit authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References




