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bstract

Metronomic chemotherapy (MC) refers to the close administration of a chemotherapeutic drug for a long time with no extended drug-free
reaks. It was developed to overcome drug resistance, partly by shifting the therapeutic target from tumor cells to the tumor vasculature,
ith less toxicity. Because of this peculiar way of administration, MC can be viewed as a form of long-term ‘maintenance’ treatment, and

an be integrated with standard and conventional chemotherapy in a “chemo-switching” strategy. Additional mechanisms are involved in its
ntitumor activity, such as activation of immunity, induction of tumor dormancy, chemotherapy-driven dependency of cancer cells, and the
4D effect’. In this paper we report the most important studies that have analyzed these processes. In fact, a number of preclinical and clinical
tudies in solid tumors as well as in multiple myeloma, have been reported regarding several chemotherapy drugs which have been proposed
ith a metronomic schedule: vinorelbine, cyclophosphamide, capecitabine, methotrexate, bevacizumab, etoposide, gemcitabine, sorafenib,

verolimus and temozolomide. The results of these studies have been sometimes conflicting, highlighting the need to develop reliable tools
or patient selection and stratification. However, a more precise evaluation of MC strategies with the ongoing randomized phase II/III clinical
s fundamental, because of the strict correlation of this approach with translational research and target therapy. Moreover, because of the low
oxicity of MC, these studies will also help to better evaluate the clinical benefit of this treatment, with a special focus on elderly and low
erformance status patients.

 2015 Elsevier Ireland Ltd. All rights reserved.
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.  General:  Definition  of  metronomic  chemotherapy
nd antiangiogenic  power

Chemotherapy represents the mainstay of cancer medicine
or both locally and advanced neoplasms, the maximum
olerated dose being the regular model for the past 50
ears [1]. However, clinicians must fight against collateral
nd side effects linked to high-dose and cyclic schedules,
hich limit dosing and hamper anti-tumor efficacy. What is
ore, despite impressive tumor regression or even remission,

egrowth and recurrence are common events in metastatic and
igh-risk tumors [2]. Accordingly, dosing and scheduling of
hemotherapy to redirect it toward antiangiogenic efficacy is
ntailed by low-dose metronomic chemotherapy [2,3].

“Metronomic chemotherapy” was first coined by Hana-
an, and refers to the close, regular administration of a
hemotherapeutic drug for a long time with no extended drug-
ree breaks [4]. It was originally developed to overcome drug
esistance by shifting the therapeutic target from tumor cells
o the tumor vasculature [5,6]. The rationale stems from the
ow-rate of endothelial cell division compared to tumor cells:
y using the standard chemotherapy cycles this causes only
eak endothelial cell damage [2,7]. Endothelial cells there-

ore became able to repair themselves and recover during
he rest period. Since endothelial cells support tumor growth,
heir regrowth produces tumor resistance. This concept led to
he hypothesis that more compressed or accelerated sched-
les of drug administration using much smaller individual
oses would be more effective and less toxic [8,9].

Several preliminary experiments showed that metronomic
ontinuous administration of chemotherapy drugs in cultures
nduced endothelial cell death in conjunction with tumor cell
eath [10]. Metronomic chemotherapy also induces the anti-

ngiogenic glycoprotein Thrombospondin-1  (TSP1), which
s endowed with further anti-tumor effects [11–13]. In fact,
t also inhibits proliferation and/or induces apoptosis of

d
t
c

munity; Maintenance; Metronomic chemotherapy; Toxicity

ctivated endothelial cells, it inhibits endothelial cell
igration, and decreases levels and viability of bone marrow-

erived endothelial progenitor cells [14–17].
Since these mechanisms are typical of other antiangio-

enic drugs which determine only mild antitumor effects
hen used alone, it is plausible that other mechanisms under-

ie the higher antitumor effect of metronomic chemotherapy.
he initial intuition of Folkman, father of angiogenic the-
ry [18], was developed by Browder and Kerbel, who first
ighlighted the anti-angiogenic metronomic schedule of
yclophosphamide which was more effective than the con-
entional schedule in overcoming drug resistance in cultured
reast cancer cells [2,19].

In addition, cancer in the elderly or in patients with several
o-morbidities and suboptimal performance status must be
anaged carefully. These patients may be the ideal candidate

or a first-line or second-line oral metronomic therapy due to
he low toxicity profile of this approach [20].

Possible different activities of metronomic chemotherapy
re resumed in Fig. 1.

. Dose-dense  chemotherapy  and  new  concepts:
Maintenance”  and  “chemo-switching”

Metronomic use of anti-cancer drugs can be considered
 type of “dose-dense” chemotherapy, although differing
rom classical  dose-dense administration. First, it is neither
dose-intense” since it doesn’t deliver more total drug per
nit time, nor is it a cyclic maximum tolerated dose reg-
men with three week break periods between cycles [1].
ence, the metronomic regimens are less toxic, and have

educed bone marrow toxicity and gastrointestinal disor-

ers, including vomiting, nausea, and mucositis. This good
oxicity profile is evident also in heavily pre-treated can-
er patients [21,22]. In fact, the schedule, usually, does not
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Fig. 1. Metronom

equire supportive care procedures, including prophylactic
rowth factors and intense antiemetic schedules. Further-
ore, because of the above described mechanism of action,
etronomic chemotherapy can exercise a stronger activity

gainst drug resistant tumors. Lastly, the metronomic sched-
le often implies oral drug administration (i.e. capecitabine,
inorelbine, cyclophosphamide, methotrexate), thus increas-
ng convenience because of the possibility of home therapy
23,24], also reducing costs because of the low drug dosage.

Metronomic chemotherapy can be also viewed as a form of
ong-term ‘maintenance’ chemotherapy that can be used on
ts own, or combined with long-term biologic targeted thera-
ies, especially anti-angiogenic drugs such as anti-VEGFR-2
ntibodies or small molecule multi-targeted VEGFR-2 antag-
nist receptor tyrosine kinase inhibitors [25].

Moreover, it was recently suggested, that metronomic
rugs may be integrated with standard chemotherapy in a
egimen called “chemo switching”, where brief courses of
onventional chemotherapy are followed by long-term main-
enance metronomic chemotherapy, eventually combined
ith targeted therapies [26,27].
Since the predominant mechanism of metronomic

hemotherapy is thought to be anti-angiogenesis, involving
he tumor’s growing vasculature and the endothelial progen-
tor cells (CEPs), several authors investigated whether the
atter cells and/or Circulating Endothelial Cells (CECs) could
e used as a surrogate marker of activity [28–32]. The results

f these studies suggest that high baseline CECs (likely
eflecting an active vascular turnover) may predict a pro-
onged clinical benefit, and that VEGF-A and basic fibroblast

c
s
t
i

otherapy activity.

rowth factor levels after 2 months of therapy may be also
seful to identify patients whose disease is likely to progress
30].

More recently, other potential mechanisms of action were
uggested for metronomic chemotherapy involving the anti-
ancer immune response and other “actors” belonging to the
umor microenvironment (see Fig. 2).

.  Additional  mechanisms  of  action  of  metronomic
hemotherapy

The interactions between tumor cells and the microen-
ironment have led researchers to hypothesize new
echanisms that may be involved in antitumor activity: (i)

ctivation of immunity, (ii) induction of tumor dormancy,
iii) chemotherapy-driven dependency of cancer cells, also
nown as the ‘4D effect’.

.1.  Activation  of  immunity

Several authors have proposed that tumor escape from
mmuno-surveillance could be the most important hallmark
f cancer development [33–35], and that the immunosuppres-
ion caused by chemotherapy, may contribute to the tumor
ell growth, because of the reduction of the white blood cell

ount [36–38]. In contrast, more recently, other authors have
uggested that some cytotoxic drugs, such as anthracyclines,
axanes and cyclophosphamide, could display substantial
mmuno-stimulatory properties. Specifically, these drugs
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Fig. 2. Angiogenic process: the correlation between tumor, microen

ay have an effect on Regulatory  T (T-reg) cells that seem to
e relevant in the context of metronomic schedules [38,39].
-reg cells are CD4+CD25+ lymphocytes, enriched in TNF
eceptor and cytotoxic T-lymphocyte-associated  antigen-4
TLA4). T-reg cells inhibit antigen-specific immune response
ia cytokine-dependent and cell contact-dependent processes
40]. In particular, T-reg cells suppress tumor-specific effec-
or cells, such as CD8+ cytotoxic T lymphocytes, CD4+

 helper cells and natural killer T cells. Kono et al.
howed that T-reg cells increase in step with tumor stage
n patients with gastric and oesophageal cancers, and that
hese cells are particularly numerous in patients with ovar-
an, colorectal and lung cancer in whom they increase
n step with tumor progression and lack of treatment
esponse [39].

Other studies have showed that T-reg cells are markedly
educed in patients undergoing metronomic schedules,
ncluding low-dose cyclophosphamide in breast cancer, and
emozolomide in glioblastoma, and that T-reg cell reduc-
ion was deeper than in patients treated with conventional
chedules [41–44]. Tanaka et al. analyzed the activity of
4 different chemotherapeutic drugs, belonging to four dif-
erent classes (microtubule-targeting agents, topoisomerase

nhibitors, alkylating agents and anti-metabolites), to induce
endritic cell maturation and inhibit T-reg cells. These
uthors concluded that some chemotherapeutic drugs, such

n
p
f

nt and immune system and possible targets of metronomic therapy.

s vinblastine, paclitaxel and etoposide, when used in metro-
omic chemotherapy regimens, are able to promote T-reg cell
eduction, contrasting tumor escape and progression [45].

.2.  Induction  of  tumor  dormancy

Berger et al., focusing on the angiogenic switch, demon-
trated that during the early phase of tumor progression,
efore the vascular phase, tumor cells are not active. They
alled this phase ‘tumor dormancy’ [27]. Other authors con-
rmed that this phase usually appears after completion of
nticancer treatments, when the remission phase is induced
46,47]. The metronomic activity of some anticancer drugs
ttempts to induce a tumor dormancy [48], which implies
ngiogenic dormancy, as shown by Folkman et al. [49], which
eems to be the predominant mechanism involved in the
aintenance of the avascular phase [50]. A possible link

etween angiogenic dormancy and the immune system has
een hypothesized: tumor-specific cytotoxic CD8+ T lym-
hocytes involved in tumor apoptosis may represent this link.
hen tumor cells escape from immune surveillance, they can

nleash the angiogenic development of the tumor [51,52].
herefore, a reinforcement of anticancer immunity by metro-

omic chemotherapy can constitute an alternative mechanism
romoting tumor dormancy, inhibiting tumor development
or a long-term control of the disease [52].
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.3.  The  ‘4D  effect’

Many authors have demonstrated that the tumor response
o metronomic schedules is due not only to antiangiogenic
nd immuno-stimulatory effects, but also to a direct anti-
ancer activity. A theoretical model of this anticancer effect
s based on chemotherapy-driven cell dependency, followed
y a subsequent drug deprivation: this phenomenon is known
s the ‘4D effect’ [53]. Seruga et al. first evaluated, in prostate
ancer patients, the role of the intermittent androgen block-
de [54]. Previously, several clinical and pre-clinical studies
ad demonstrated the positive effect of a break in long-
erm anticancer therapies. In  vitro  data showed cell death
pon withdrawal of microtubule-targeting agents (taxanes,
pothilones) compared to long-term exposure, suggesting

 potential high efficacy of this administration modality
55–58]. However, these data need to be confirmed by larger
nd prospective studies, even if this new theoretical model
nduces a new possible value in the metronomic paradigm:

 direct and indirect effect on tumor cells, as a multitargeted
herapy, able to strike both tumor cells and their microenvi-
onment.

.  Preclinical  data

Cyclophosphamide was the most frequently used drug in
reclinical evaluations [59]. Its effects on tumor cell via-
ility, proliferation, chemotaxis, chemochine production and
he angiogenic switch were evaluated. Very interesting long-
erm survival effects were observed with the combination of
his drug with methotrexate, UFT and vinorelbine. Brow-
er et al. studied traditional and metronomic therapy in
MT-6 breast cancer cells, resistant to previous treatments.
ata showed that metronomic administration of methotrexate

nd vinorelbine could revert tumor resistance with a con-
inuous activity in time, while the tumor volume rapidly
ncreased (after 15–20 days) during the classic schedule
dministration [19]. Bertolini et al. showed that different
dministration of metronomic chemotherapy could influ-
nce the growth of endothelial and microenvironment cells
60]. In fact, methotrexate exerts its inhibition of cell pro-
iferation through the reduction of human endothelial cell
evels at the concentration of 5 ×  10−9 M. Paclitaxel at a
ose of 10 pM down-regulates chemotoxins and subsequently
ndothelial cell chemotaxis and proliferation. Lower doses of
ocetaxel exert a strong inhibition of cell migration and cap-
llary sprouting with an activity 10 times more effective than
aclitaxel. Vinblastine has been investigated for its impor-
ant role in inhibiting human endothelial cell proliferation,
igration and metalloproteinase secretion at ultra-low con-

entrations (0.1–1 pM) [61]. Vacca et al. demonstrated in an

xperimental model that after low dose vinblastine removal,
he anti-angiogenic effects were rapidly abolished [62,63].
ther Authors investigated on a preclinical model evaluating

he potential impact of metronomic low-dose chemotherapy

a
t
t
t

ogy/Hematology 95 (2015) 46–61

ombined with anti-angiogenic drugs such as pazopanib for
he treatment of ovarian cancer cells [64,65]. Topotecan
howed an antitumor effect in preclinical studies in prostate
ancer, using alternate dosing schedules. A concentration-
ependent increase in cytotoxicity was observed in cultured
rostate cancer cells after topotecan treatment using metro-
omic protocols rather than a conventional one, especially
s regards decreased tumor volume, cell cycle arrest and
ngiogenic inhibition [66].

.  Clinical  studies

Although there is a wealth of preclinical and theo-
etical data on metronomic therapy, translation from the
aboratory to the bedside has met with mixed results.
inorelbine, cyclophosphamide, capecitabine, methotrexate
nd bevacizumab have been tested with initial promis-
ng benefit in patients with breast cancer. Vinorelbine,
yclophosphamide, etoposide and methotrexate have been
roposed as alternative treatments in patients with Cas-
ration Resistant Prostate Cancer or Non Small Cell
ung Cancer (NSCLC). Capecitabine plus/minus beva-
izumab showed interesting results in gastric, colorectal
nd hepatocellular carcinoma. Cyclophosphamide and beva-
izumab were proposed in ovarian cancer. Gemcitabine,
apecitabine, sorafenib and everolimus were administered
n renal cell cancer, and temozolomide and bevacizumab in
lioblastoma.

.  Breast  cancer

Breast cancer represents the tumor with the majority of
ata with metronomic chemotherapy, although all clinical
rials have been conducted in phase II studies, and no phase
II studies are available.

In a phase II study, Addeo et al. evaluated the safety and
ctivity of vinorelbine administered orally at 70 mg/m2, frac-
ionated on days 1, 3, and 5 for 3 weeks, every 4 weeks,
or a maximum of 12 cycles, in 34 elderly patients with
etastatic breast cancer. Safety was confirmed by the appli-

ation of the entire treatment to all patients without grade
 toxicities. The overall response rate (ORR), primary end-
oint of this study, was 38%, with 6% and 32% of complete
CR) and partial response (PR), respectively. Disease con-
rol was 68%, with 7.7 months of median progression free
urvival  (PFS) and 15.9 months of median overall  survival
OS) [67]. Recently, a group of Italian clinicians reported the
esults of a phase I–II study evaluating the use of vinorelbine
ith a metronomic schedule combined with capecitabine in
atients with metastatic breast cancer previously treated with

nthracyclines and taxanes. Vinorelbine was administered in
hree different dosages to 3 patient cohorts (20–30–40 mg/m2

rice weekly) and capecitabine orally at a dose of 500 mg
hree times/day continuously. Of the 31 patients evaluable
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or efficacy 58,1% obtained a clinical benefit. With regard
o the safety, two cases of grade 4 leukopenia one case of
rade 3 thrombocytopenia, and one case of grade II diarrhea
ere observed [68]. Vinorelbine was also evaluated together
ith cyclophosphamide in a small phase II study conducted
y Pluma Jimenez et al. In this study 20 patients previ-
usly treated with anthracyclines and taxanes were evaluated.
inorelbine was administered orally at a dose of 60 mg/m2

nce a week for 3 weeks in a 4 week cycle, and cyclophos-
hamide orally at a dose of 50 mg once a day, continuously.
hese data also confirmed a positive clinical benefit (60%),
ith comforting safety (only 1 case of grade 4 neutropenia)

or this combination [69].
The efficacy of capecitabine administered with metro-

omic schedule was confirmed by another Italian phase II
tudy which enrolled 58 heavily pretreated patients with
etastatic breast cancer. The drug was administered at

500 mg once a day. The clinical benefit rate, primary study
ndpoint, was 62%, with a median duration of response of 7
onths. Median time  to  progression  (TTP) and OS were 7 and

7 months, respectively, and a clinical benefit was recorded in
3 patients who had previously received capecitabine inter-
ittently (2000 mg/m2/day on days 1–14 every 21 days). The

chedule was safe and hematologic toxicity was uncommon
5%) [70].

Recently Schwartzberg et al. evaluated capecitabine
ogether with Fulvestrant in HER-2 negative, estrogen pos-
tive post-menopausal breast cancer women. This phase II
tudy showed a PFS of 15 months and a median TTP of 27
onths in 41 patients, with a median OS of 29 months and

 good toxicity profile (only 9% of grade 3 palmar–plantar
rythrodysesthesia). [71].

Also pegylated  liposomal-doxorubicin  (PLD) has been
ecently tested in metastatic breast cancer with metronomic
osage. In a phase II study, 52 patients (mixed population
f anthracycline-naive and pre-treated) underwent a metro-
omic schedule of PLD at 20 mg/m2 intravenously every two
eeks. Clinical benefit was 45%, with an 18% PR. Neither
rade 3 nor grade 4 hematological or cardiac side effects were
ecorded, only 2 patients developed grade 3 palmar-plantar
rythrodysesthesia. The authors suggested a potential activity
f this drug as an alternative to classic anthracyclines, with a
ood quality of life [72].

Methotrexate was evaluated at a metronomic dose of
.5 mg/day twice weekly together with oral cyclophos-
hamide at 50 mg once a day, continuously, by Gebbia et al.
ho enrolled 61 pre-treated metastatic breast cancer patients.
espite a good clinical benefit rate (52%), this combination

nduced hepatic toxicity, with 33% of patients presenting high
evels of AST/ALT [73].

Dellapasqua et al. first evaluated the combination of
etronomic chemotherapy plus targeted therapy. Forty-
ix patients with advanced breast cancer received oral
apecitabine (500 mg three times/day), cyclophosphamide
50 mg/day) and bevacizumab at 10 mg/kg every 2 weeks.
he results showed CR in 2%, PR in 46%, stable disease
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n 41% of patients, respectively, with an ORR of 48% and
linical benefit (for 24 weeks or more) of 68%. At univariate
nalysis, clinical benefit was significantly related to hormone
eceptor status (86% in ER+ vs 33% in ER−  patients, respec-
ively: p  = 0.04). This schedule was generally well tolerated.

oreover, higher baseline CECs was correlated with overall
esponse, clinical benefit, and improved PFS [74].

Metronomic low dose chemotherapy with cyclophos-
hamide and methotrexate in combination with Trastuzumab
as been tested in HER2/neu overexpressed metastatic breast
ancer. An Italian study enrolled 22 patients with metastatic
reast cancer with overexpression or amplification of HER2-
neu, all pre-treated with trastuzumab and other cytotoxic
rugs. Trastuzumab at 6 mg/kg every three weeks was
ombined with metronomic chemotherapy: methotrexate at
.5 mg bid on Day 1 and Day 4 every week, and cyclophos-
hamide at 50 mg/day continuously. The study showed PR in
8%, stable disease in 46%, progressive disease in 36%, and

 general clinical benefit in 46% of cases. Median TTP was 6
onths, with mild toxicity. In a subgroup analysis, evaluating

he trastuzumab-resistant breast cancer patients, 22% clini-
al benefit was observed, confirming a potential role of this
ombination to delay acquired trastuzumab-resistance [75].

Conflicting data emerge from other studies. Colleoni et al.
valuated the benefit of adding thalidomide to a cyclophos-
hamide and methotrexate combination. In 171 patients, the
RR was 16.4% and clinical benefit rate was 41.5%. There
as a statistically significant reduction in the serum VEGF

evels with both the combinations however the addition of
halidomide did not add any benefit to oral chemotherapy
76] (Table 1).

Summarizing these data, the metronomic approach in
reast cancer patients is associated with a good toxicity pro-
le for either primary systemic or palliative treatment, with

 median overall clinical benefit of 57% (range 12–88%).
etter results were observed when metronomic cyclophos-
hamide and methotrexate were combined with trastuzumab.

. Prostate  cancer

Several studies have been conducted in patients with
rostate cancer to explore the metronomic approach, espe-
ially in hormone refractory patients (Table 2). Prostate
ancer was previously believed to be a chemo-resistant dis-
ase, however taxane-based chemotherapy has shown to
rolong survival in patients with castration-resistant prostate
ancer (CRPC) [77]. Phase II trials investigating chemother-
py administered with metronomic schedules in patients
ith CRPC have shown beneficial therapeutic effects. Keto-

onazole in combination with doxorubicin alternating with
inblastine in combination with estramustine (KA/VE regi-

en) was analyzed in a phase II trial, enrolling 45 patients
ith CRPC. In this study it was observed a PSA reduc-

ion >50% in 69% and >80% in 58% of patients, with a
edian OS of 18.1 months [78]. The palliative and survival
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Table 1
Clinical trials with metronomic chemotherapy in breast cancer.

Author Tumor type Patient population No. (pts) Protocol Response
rates

Response
duration

Addeo et al. Breast Elderly MBC 34 Vinorelbine ORR: 38% OS: 15.9 mth
Cazzaniga et al. Breast Previously treated MBC 31 Vinorelbine, capecitabine ORR: 55% –
Pluma Jmenez et al. Breast Previously treated MBC 20 Cyclophosfamide,

vinorelbine
ORR: 60% –

Fedele et al. Breast Both pretreated and not
treated MBC

58 Capecitabine ORR: 62% OS: 17 mth
TTP: 7 mth

Schwartzberg et al. Breast Not treated
ER + HER2 − MBC

41 Capecitabine, fulvestrant – OS: 28.6 mth
PFS: 26.9 mth

Munzone et al. Breast Both pretreated and not
treated MBC

52 Pegylated
liposomal-doxorubicin

ORR: 57% –

Gebbia et al. Breast Previously treated MBC 61 Cyclophosfamide,
methotrexate

ORR: 52% –

Dellapasqua et al. Breast Previously treated MBC 46 Bevacizumab,
cyclophosfamide,
capecitabine

ORR: 48%
CBR: 68%

TTP: 9.4 mth

Orlando et al. Breast Previously treated
HER2 + MBC

22 Trastuzumab,
cyclophosfamide,
methotrexate

PR: 18%
CBR: 46%

TTP: 6.0 mth
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olleoni et al. Breast Both pretreated and not
treated MBC

17

ffects compared favorably with several docetaxel-based
tudies, with a better toxicity profile. Seventeen patients with
hemo-naive CRPC were enrolled in a pilot study evaluat-
ng an orally administered chemo-hormonal regimen using

 weekly sequential combination, including ketoconazole in
ombination with cyclophosphamide or etoposide in combi-
ation with estramustine (KEES combination), administered
n alternate weeks. Prednisone was administered throughout
he treatment period. Eighty-seven percent of patients demon-
trated a median reduction in PSA. Thrombocytopenia and
nemia were the most common side effects. The authors con-
luded that KEES might be a promising option for patients
ith CRPC, resulting in a clear reduction in PSA with limited

oxicity [79]. In a phase II study, Gebbia et al. investigated the
ctivity and toxicity of metronomic chemotherapy with low-

ose oral cyclophosphamide (50 mg/day) and methotrexate
2.5 mg twice/week), without rest periods, in 58 patients with
etastatic CRPC that progressed after docetaxel. The results

r
p
l
u

able 2
linical trials with metronomic chemotherapy in prostate cancer.

uthor Tumor type Patient
population

No. (pts) Protoc

illikan et al. Prostate CRPC 45 KA/V
(ketoc
doxoru
estram

ellvert et al. Prostate CRPC 17 KEES
(ketoc
cyclop
etopos

ebbia et al. Prostate CRPC after
taxane

58 Cyclop
metho

han et al. Prostate CRPC after
taxane

67 Cyclop
metho
Cyclophosfamide,
methotrexate, Thalidomide

ORR: 20.9
CBR: 41.5

TTP: 4.7 mth

howed a 50% decrease in PSA in 25% of patients, an objec-
ive PR of 18%, a stable disease of 24%, and a pain decrease
n 30% of patients. Toxicity was very low (7% leukopenia,
% anemia) [80].

On the other hand, another study evaluating the same drugs
ogether with celecoxib did not show results in terms of ORR
nd PSA 50% reduction, while median TTP was 57 days.
81].

.  Ovarian  cancer

Vascular  endothelial  growth  factor  (VEGF) plays an
mportant role in the biology of ovarian cancer, and the

ecent approval of bevacizumab combined with conventional
latinum-based doublet therapy confirms this strong corre-
ation [82]. Garcia et al. analyzed a possible concomitant
se of bevacizumab with oral metronomic cyclophosphamide

ol Response rates Response
duration

E regimen
onazole,
bicin/vinblastine,
ustine)

PSA 50%
reduction: 58%

OS: 18.1 mth

 regimen
onazole,
hosphamide,
ide, estramustine)

PSA 50%
reduction: 87%

–

hosphamide,
trexate

PSA 50% reduc:
30%
ORR: 42%

–

hosphamide,
trexate, celecoxib

ORR: 5% TTP: 1.8 mth
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Table 3
Clinical trials with metronomic chemotherapy in ovarian cancer, renal cancer and glioblastoma.

Author Tumor
type

Patient population No. (pts) Protocol Response
rates

Response
duration

Garcia et al. Ovarian Recurrent ovarian
cancer

70 Cyclophosphamide,
bevacizumab

– OS: 16.9 mth
TTP: 7.2 mth

Bellmunt et al. Renal Intermediate risk
metastatic renal
cancer

40 Sorafenib,
gemcitabine,
capecitabine

PR: 50%
ORR:
82.5%

OS: 11.1 mth

Stockhammer et al. GBM Relapsed GBM 28 Celecoxib,
temozolomide

– 6-mts OS:
43%

Zustovich et al. GBM Relapsed GBM 43 Sorafenib,
temozolomide

– OS: 7.4 mth
6-mts PFS:
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n women with recurrent ovarian cancer. This trial was
onducted in 70 ovarian cancer patients with a disease
rogressing after prior platinum-containing regimens. The
reatment consisted of bevacizumab 10 mg/kg intravenously
very 2 weeks and oral cyclophosphamide 50 mg/daily. The
esults showed a probability of being alive and progression
ree at 6 months of 56%, with 24% PR, a median TTP of
.2 months and a median OS of 16.9 months. With regard
o toxicity, hypertension, fatigue, and pain were recorded.
evacizumab-related toxicity included four episodes of gas-

rointestinal perforation or fistula, one episode of central
ervous system ischemia and one of pulmonary hyperten-
ion. Plasma levels of VEGF, E-selectin, and TSP-1 were
valuated and no correlation with the clinical outcome was
bserved [83] (Table 3). Cyclophosphamide (50 mg/day) in
ombination with pazopanib is also being investigated in the
ngoing phase I/II PACOOVAR trial in recurrent, platinum-
esistant epithelial ovarian cancer. Primary endpoints are the
efinition of the optimal dose of pazopanib (phase I) and the
verall response rate tin combination with cyclophosphamide
phase II). TTP, OS, safety and tolerability are secondary
ndpoints [84].

.  Renal  cancer

Renal cancer is a tumor well correlated to the mechanisms
f cell growth, cell proliferation, angiogenesis, and survival
hrough the angiogenic process [85]. Bellmunt et al. evaluated
his concept in a Spanish multicentre phase II study, inves-
igating gemcitabine (intravenous infusion at 1000 mg/m2

n day 1 and 8) combined with metronomic capecitabine
at 500 mg/m2 twice a day, days 1–14) and the multiki-
ase inhibitor sorafenib (oral dose of 400 mg twice a day),
very 21 days, in 40 patients with mRCC. After six cycles,
hemotherapy was stopped and sorafenib was administered
s a maintenance therapy. Forty-four patients were enrolled

n this study, and median PFS for these patients was 11.1

onths. The toxicity included rare grade 3 adverse events
s fatigue, hand-foot skin reaction, mucositis and infections
86] (Table 3).
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26%
TTP: 3.2 mth

The inhibition of the mTOR pathway plays an important
ole in renal cancer cell immunoregulation, with a better
ontrol of homeostasis and balance between effector T cells
nd regulatory T cells. In several studies the mTOR-inhibitor
verolimus has been shown to prolong PFS. The Netherlands
hase I/II multi-center Study Trial NTR3085, currently
ngoing, evaluates the combination of everolimus (5 mg
aily) with the metronomic schedule of cyclophosphamide
n patients with mRCC not amenable to, or progressive
fter a VEGF-receptor tyrosine kinase inhibitor containing
egimen [87].

0.  Glioblastoma

Gliobastoma (GBM) is a neoplasm that even after gross
umor resection and combined radio-chemotherapy with
emozolomide recurs within a few months. Salvage ther-
py often consists of re-challenging with temozolomide in

 dose-intensified schedule. However, some preclinical data
ave highlighted a possible efficacy of low-dose metro-
omic temozolomide in combination with cyclo-oxigenase 2
nhibitors. Stockhammer et al. reported results in 28 patients
ith recurrent glioblastoma after standard treatment, who

eceived continuous low-dose temozolomide at 10 mg/m2

wice daily and 200 mg celecoxib. Patients presented a
edian TTP of 4.2 months, and PFS at 6 months of 43%.
reatment was well tolerated considering that it was a second-

ine therapy, with no grade 3 or 4 toxicity. MGMT promoter
ethylation status and microvessel density, provided in this

tudy, did not correlate with PFS [88] (Table 3).
In recent years bevacizumab has obtained great consensus

n the treatment of this neoplasm, with many studies ongoing
n all lines of therapy [89,90]. Based on these data, Reardon
t al. evaluated in a phase II study the efficacy of metro-
omic etoposide (50 mg/m2 daily for 21 consecutive days
ach month) or daily temozolomide (50 mg/m2), adminis-

ered with bevacizumab (10 mg/kg every 2 weeks) among 23
ecurrent glioblastoma patients who progressed after prior
evacizumab-based therapies. This study was closed at the
rst interim evaluation due to lack of anti-tumor activity [91].
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Table 4
Clinical trials with metronomic chemotherapy in lung cancer.

Author Tumor type Patient
population

No. (pts) Protocol Response rates Response
duration

Del Conte et al. Lung Pre-treated
lung cancer

21 Vinorelbina ORR: 29% OS: 4.5 mth

Correale et al. Lung IIIB-IV stage
lung cancer

45 mPEBev regimen
(cisplatin, etoposide,
beva-

ORR: 65% PFS: 9.5 mth
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Recently an Italian phase II study was designed to
nvestigate an oral regimen of sorafenib and metronomic
emozolomide for relapsed glioblastoma. Forty-three patients
aive for antiangiogenic agents received 400 mg sorafenib
wice daily plus temozolomide 40 mg/m2/day until disease
rogression. The median TTP was 3.2 months, the 6-month
FS was 26%, and median OS was 7.4 months. Toxicity was
ostly grade 1–2. The authors concluded that this combina-

ion is feasible and safe, [92].

1.  Lung  cancer

Little evidence is available regarding metronomic
chedules used in clinical trials of patients with lung ade-
ocarcinoma (Table 4). Del Conte et al. carried out a phase
I trial evaluating oral vinorelbine at 40 mg/m2, fractionated
n days 1, 3, and 5, every week, continuously in previ-
usly treated non small cell lung cancer (NSCLC) patients.
n case of good tolerability, a dose escalation to 50 mg
as permitted. Out of 21 patients evaluated, disease con-

rol was 29% with a median PFS of 4.5 months and an OS
f 11.1 months. Hematologic toxicity observed was 9.5%
eutropenia [93]. The interest in vinorelbine as a possible
etronomic treatment in lung cancer has been confirmed

y another recent study which concluded that 50 mg given
rally three times a week is the optimal dose [94]. Correale
t al. designed a phase II trial in advanced NSCLC patients
o evaluate the antitumor activity and the safety of a regi-

en including cisplatin (30 mg/m2, days 1–3), oral etoposide
50 mg, days 1–15) and bevacizumab (5 mg/kg, day 3) every
hree weeks (mPEBev regimen). Forty-five patients with
tage IIIB/IV NSCLC were enrolled. Patients who achieved
n ORR received maintenance treatment with bevacizumab
n combination with erlotinib until progression. Grade I-II
ematological, mucosal toxicity and alopecia were the most
ommon adverse events. The occurrence of infections (17%),
hromboembolic events (4.4%) and severe mood depression
6.7%) was also recorded. A PR was achieved in 31 patients
69%), with a PFS of 9.53 months [95].
2.  Gastric  cancer

He et al. evaluated the efficacy and safety of metronomic
apecitabine in 45 pretreated elderly patients with advanced

e
n
h
d

cizumab → bevacizumab,
erlotinib)

astric cancer after fluoropyrimidine-based chemotherapy.
orty-three eligible patients were treated with capecitabine at

 fixed dose of 1000 mg daily (days 1–28 continuously, every
 weeks) until disease progression or significant toxicity. A
edian of 3 cycles (range 1–12) was administered. Results

howed a disease control rate at 8 weeks of 51.1% and an
bjective response rate of 20.9%, with a median TTP and
S of 3.6 and 7.6 months, respectively. Grade II neutrope-
ia and thrombocytopenia were observed in 13.3% and 2.2%
f patients. Grade II/III non-hematological toxicity included
iarrhea (4.4%), stomatitis (13.4%), and hand-foot syndrome
15.5%). No grade IV toxicity occurred. This single data sug-
est that metronomic capecitabine can sustain a response, as
alliative treatment in elderly patients even pretreated with
uoropyrimidine-based chemotherapy [96] (Table 5).

3.  Colorectal  cancer

Carreca et al. proposed a metronomic schedule for the
reatment of elderly people with colorectal cancer (CRC),
o reduce severe toxicity (primary endpoint) and to improve
atient compliance. This treatment schedule was a com-
ination of three drugs, including oxaliplatin, capecitabine
nd bevacizumab in a metronomic mode, named M-COB
oxaliplatin 65 mg/m2 plus bevacizumab 7.5 mg/kg on day
, and capecitabine at a fixed dose of 1000 mg bid, deliv-
red from day 2 to day 15 every 3 weeks for 12 cycles). In
his study which accrued 75 elderly patients with advanced
RC, were observed 50.1% tumor response rate, 86.7%
linical benefit, a median PFS of 12.3 months and a
edian OS of 23.5 months. No patients experienced grade 4

oxicity [97].
The rationale to combine biological drugs and metro-

omic chemotherapy was confirmed also in another phase
 study which aimed to determine the safety, maximum-
olerated dose (MTD), and pharmacokinetics of imatinib,
evacizumab, and metronomic cyclophosphamide in patients
ith advanced CRC. Thirty-five patients were enrolled, and

he MTD observed for cyclophosphamide, imatinib and beva-
izumab were 50 mg q.d., 400 mg q.d., and 5 mg kg i.v.

very 2 weeks, respectively. Dose-limiting toxicities included
ausea/vomiting, neutropaenia, hyponatraemia, fistula, and
ematuria. Twenty percent of patients experienced stable
isease for >6 months. In this study circulating tumour,
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Table 5
Clinical trials with metronomic chemotherapy in gastric and colon cancer.

Author Tumor type Patient population No. (pts) Protocol Response rates Response
duration

He et al. Gastric Elderly pre-treated
metastatic gastric
cancer

45 capecitabine ORR: 20.9%
CBR: 51.1%

OS: 7.6 mth
TTP: 3.6 mth

Carreca et al. Colon Elderly metastatic
colorectal cancer

75 Oxaliplatin, capecitabine,
bevacizumab

ORR: 50.1%
CBR: 86.7%

OS: 23.5 mth

Kelley et al. Colon Metastatic CRC 35 cyclophosphamide, imatinib,
bevacizumab

ORR: 20% –

Lin et al. Colon Recurrent 28 Tegafur, Leucovorin, 5-Fluorouracil
regim

ORR: 45.5% OS: 13.4 mth
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metastatic CRC

ndothelial, or immune cells were evaluated, but no asso-
iation with PFS was showed [98].

Taking advantage of the potential effectiveness of metro-
omic therapy, tegafur/uracil (UFT) was incorporated into
n oxaliplation/infusional fluouracil (5-FU)/leucovorin (LV)
rotocol in a Japanese phase II study. Twenty-eight patients
ith metastatic CRC resistant or refractory to 5-FU/LV were

nrolled. Chemotherapy was administrated every 2 weeks
equentially with a 2-h infusion of oxaliplatin (85 mg/m2)
nd LV (200 mg/m2), intravenous bolus 5-FU (400 mg/m2),

 22-h infusion of 5-FU (600 mg/m2) on day 1 followed by
0-day daily oral UFT (200 mg/m2)/LV (30 mg/m2). Partial
esponse was seen in 35.7% of patients, with median TTP
nd OS of 5.2 and 13.4 months, respectively. No grade 3–4
oxicity above 5% occurred except for some cases of sensory
europathy (10.7%). No cases of hand-foot syndrome were
ound. [99].

At the ASCO 2014 Koopman et al. reported the pre-
iminary results of the CAIRO-3 Study on maintenance
reatment with capecitabine and bevacizumab, versus obser-
ation, in metastatic CRC patients not progressing during
nduction treatment with capecitabine, oxaliplatin and beva-
izumab (CAPOX-B schedule). Previously untreated patients
ith stable disease or better after 6 cycles of CAPOX-B
ere randomized between observation (arm A) or main-

enance treatment (arm B). Upon first progression (PFS1),
58 patients in both arms were to be treated with CAPOX-

 until 2nd progression (PFS2), the primary endpoint of
he study. CAPOX-B was reintroduced in 61% of patients
n arm A and 47% in arm B, with evidence of significant

enefit (PFS2 of 8.5 months vs 11.7 months, respectively;
R 0.67, p < 0001). Secondary endpoints (OS and QoL)
ere also reached (median OS 18.0 m (A) versus 25.0 m

B) (p  < 0.0001), with QoL maintained during maintenance

t
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able 6
linical trials with metronomic chemotherapy in HCC.

uthor Tumor
type

Patient population No. (pts) 

randi et al. HCC Child-Pugh B HCC 10 

randi et al. HCC Pretreated and naïve
HCC

90 
en TTP: 5.2 mth

reatment and clinically not inferior compared to QoL in the
bservation arm [100].

The authors of the AIO KRK 0207 Study also inves-
igated whether after a 24-week standard induction with
luorouracil/Oxaliplatin/Bevacizumab schedule, no continu-
tion of therapy (N) or continuation with bevacizumab alone
B) were non-inferior to Fluorouracil plus bevacizumab (FB).
fter 24 weeks of induction treatment, the investigators used

s a primary endpoint the ‘time to failure of strategy’ (TFS),
omprising maintenance plus re-induction after first progres-
ion. Secondary endpoints included time to first progression
PFS1) and overall survival (OS). After induction, the median
FS1 in arms N, B, and FB were 3.6, 4.6 and 6.2 months,
espectively (p  < 0.0001). The TFS favored arm FB over arm

 (HR 1.31), but no difference between arms FB and B (HR
.04) was observed. These data confirm the similar activ-
ty of bevacizumab alone versus FB as maintenance therapy
101].

4.  HCC

Sorafenib, a mall molecule with anti angiogenetic proper-
ies represents the only approved treatment for Hepatocellular
arcinoma (HCC) [102,103]. In fact, no chemotherapy

tandard regimens are currently available in this neoplasm
ue to the predictable high toxicity because of the underly-
ng cirrhosis. Moreover, for patients with cirrhosis-associated
CC with Child-Pugh class B and C, no systemic treatment of
ocumented efficacy and safety exist [102]. Brandi et al. have

reated metastatic HCC patients, associated with Child-Pugh
lass B cirrhosis, with low metronomi doses of capecitabine
1000 mg/day continuously). The authors reported a good
ompliance to treatment, with response maintained for 15–18

Protocol Response
rates

Response duration

Capecitabine – TTP: 9 mth
Capecitabine – OS: 15.6 mth
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Table 7
Clinical trials with metronomic chemotherapy in melanoma and NETs.

Author Tumor
type

Patient population No. (pts) Protocol Response rates Response
duration

Bhatt et al. Melanoma Refractory
metastatic
melanoma

20 Celecoxib,
paclitaxel

ORR: 20% OS: 7.1 mth
TTP: 1.9 mth

Borne et al Melanoma Elderly metastatic
melanoma

13 Cyclophosfamide ORR: 47% OS: 8 mth

Koumarianou et al. NETs Advanced NETs 15 temozolomide,
bevacizumab,

ORR: 86% TTP: 8 mth
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onths. The therapy was well tolerated, with hand-foot syn-
rome as the main toxicity [104] (Table 6).

Based on these preliminary data, same Italian authors
eported the results of the ITALICA Group evaluating
etronomic capecitabine at the same dosage as in their

bove-mentioned study in 59 previously untreated patients
ith advanced HCC and 31 patients resistant or intolerant

o sorafenib. The first cohort achieved a median PFS of 6.03
onths and an OS of 14.47 months, with 2 cases of complete

esponse. The second cohort achieved a median PFS of 3.27
onths and a median OS of 9.77 months. No grade 4 toxicity
as evidenced and grade 3 cutaneous toxicity was less than
% [105].

5.  Melanoma,  neuroendocrine  tumors,  multiple
yeloma

Also in the pathogenesis of other neoplasms, such as
elanoma, neuroendocrine tumors, and multiple myeloma,

he microenvironment plays an important role in the evo-
ution of tumor burden and the acquisition of a metastatic
henotype [106–108]. Several studies have demonstrated that
ngiogenesis is associated with poor prognosis in patients
ith metastatic melanoma [109,110], and microtubule sta-

ilizers and cyclooxygenase (COX)-2 inhibitors, alone or in
ombination, have shown inhibitory effects on endothelial
ells and tumor angiogenesis [111]. Bhatt et al. combined
OX-2 inhibitors (celecoxib at 400 mg bid orally) with

h
T
P
a

able 8
linical trials with metronomic chemotherapy in multiple myeloma.

uthor Tumor type Patient
population

No. 

hou et al. MM Pretreated
MM

27 

uvannasankha et al. MM Relapsed MM 37 

apanicolaou et al. MM Relapsed MM 186 
long-acting
octreotide

aclitaxel at metronomic doses (10 mg/m2 for 96 h weekly)
o determine its effect on patients with refractory metastatic

elanoma. Out of 20 previously heavily pre-treated patients
 (20%) achieved an objective response. Median TTP was
7 days and median OS was 212 days [112] (Table 7).
orne et al. retrospectively evaluated 13 elderly patients with
dvanced melanoma treated with 50 to 100 mg of cyclophos-
hamide daily for 3 weeks out of 4. The Overall Disease
ontrol rate was 46%, with one partial response and five

table diseases. Toxicity was negligible [113]. Based on
reclinical data and the strong association between cromo-
ranin A, the tumor microenvironment and angiogenesis
ctivity [107], Koumarianou et al. tested a combination
etronomic schedule of temozolomide, bevacizumab and

ong-acting octreotide in 15 patients with advanced neu-
oendocrine tumors (NETs) who progressed after at least
ne regimen of chemotherapy. Responses included one CR
7%), eight PR (57%), three stable diseases (21%) and two
D (14%). The median TTP was 36 weeks [114] (Table 7).
hou et al. evaluated in their retrospective study the efficacy
nd tolerability of continuous low-dose cyclophosphamide
nd prednisone as a salvage therapy for pre-treated multi-
le myeloma patients [115] (Table 8). Twenty-seven patients
ith multiple myeloma received a regimen of oral cyclophos-
hamide 50 mg daily and prednisone 15 mg daily. Patients

ad previously received 1 to 4 chemotherapeutic regimens.
he ORR (including complete remission, very good PR, and
R) was 66.7%, with a median time to response of 2 months
nd absence of grade 3–4 toxicity. [115]. Similar results

(pts) Protocol Response
rates

Response
duration

Cyclophosphamide,
prednisone

ORR:
66.7%

–

Cyclophosphamide,
prednisone,
thalidomide

ORR: 63% PFS:
13 mth

Bortezomib,
thalidomide,
dexamethasone,
doxorubicin, cisplatin
(rapamycin)

ORR 63% OS:
11.2 mth
PFS:
3.6 mth
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ere observed when cyclophosphamide was administered
rospectively together with thalidomide and prednisone in
atients with relapsed multiple myeloma, as demonstrated by
he study of Suvannasankha et al. The 37 patients enrolled
n this study, achieved an ORR of 63% and a median PFS
f 13 months, with a good safety profile [116]. Recently,
apanicolaou et al. evaluated a complex metronomic sched-
le therapy as salvage treatment for 186 heavily pre-treated
elapsed/refractory MM patients. The regimen included at
etronomic doses: bortezomib, thalidomide, dexametha-

one, doxorubicin, cisplatin with or without the addition of
he m-TOR inhibitor rapamycin, depending on renal func-
ion. These authors evidenced a relatively high ORR (63%),
ith a favourable toxicity profile, although grade 4 leukope-
ia, anemia, and/or thrombocytopenia, occurred in 58%, 6%,
nd 79% of patients, respectively. The median OS and PFS
ere 11.2 and 3.6 months, respectively [117].

6.  Metronomic  drugs  and  toxicity

All these clinical trials have demonstrated that metro-
omic chemotherapy, alone or in combination, is generally
ell tolerated. However, the metronomic strategy is not
evoid of side effects. In fact, in all studies previously
eported, drug-related adverse events and treatment inter-
uption were reported. In addition, some potential risks
nd concerns must be taken into consideration when
sing metronomic chemotherapy for an extended period of
ime [23].

The most common toxic effects of this treatment are:
rade 1 nausea and/or vomiting, grade 1 and 2 anemia,
eutropenia, leucopenia and lymphopenia as well as low-
rade fatigue. Vinorelbine, cyclophosphamide, capecitabine,
nd methotrexate are the drugs mostly involved in these
oxicities. These adverse events are more frequent when a
ombination schedule is proposed. With this regard, it is
mportant to note that metronomic chemotherapy can eas-
ly become toxic through the addition of modern targeted
rugs, such as bevacizumab. In fact, hypertension, protein-
ria and renal failure are described in some studies, even if
n a few cases. Moreover, fatigue and gastrointestinal symp-
oms e.g. nausea, vomiting and diarrhea are more common
hen targeted drugs are added to metronomic chemotherapy,

nd high accumulation over time of etoposide, temozolomide
nd cyclophosphamide can lead to secondary leukemia, or
yelodysplastic syndrome (MDS) [118].

7.  Conclusions  and  future  developments

Pre-clinical and clinical evidence support metronomic

hemotherapy as an alternative treatment in cancer therapy.
he main characteristics of this therapy are: the low tox-

city and high anti-angiogenetic activity, which translates
n long duration of clinical benefit. However, also in the

R
T

ogy/Hematology 95 (2015) 46–61 57

etronomic area it seems very unlikely that a single metro-
omic regimen will have universal efficacy, and the optimal
ombination regimen for each disease remain to be deter-
ined. Future preclinical and clinical studies are needed to

efine the best agent to use according to tumor type, the num-
er of agents, the doses of each agent to be used alone or in
ombination, and the timing of drug administration. One way
o overcome these drawbacks can be the development of reli-
ble surrogate markers [119–122]. As suggested in several
tudies, the viability of circulating endothelial cells and pro-
enitor endothelial cells can became a potent predictive tool
or patient stratification and treatment monitoring, but cur-
ently few data are available and methods of identification
eed to be determined [119]. In his model, Kerbel demon-
trated that endothelial cells are genetically more stable and
ess likely to acquire drug resistance than cancer cells [3].
ince more recent data highlighted that tumor endothelial
ells are significantly different from normal endothelial cells
nd that they can harbor numerous genetic abnormalities, the
dentification of targets on these cells can represent a future
esearch direction [123,124].

A cancer model based on several different actors (can-
er cells, microenvironment, immune system, endothelial
ells, circulating cells) provides an emerging anti-cancer
trategy, based on metronomic chemotherapy combined with
onventional chemotherapy and/or targeted therapy. More-
ver, the cancer population is extremely heterogeneous
nd patients seem to respond quite differently accord-
ng to the primary tumor type, highlighting the need to
evelop reliable tools for patient selection and stratifica-
ion. A precise evaluation of metronomic chemotherapy
trategies is fundamental and requires future prospec-
ive, randomized, phase II/III clinical studies, with a
pecial focus on elderly and low performance status
atients.
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