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Abstract

Chemotherapy given in a metronomic manner can be
administered with less adverse effects which are com-
mon with conventional schedules such as myelotoxicity
and gastrointestinal toxicity and thus may be appropri-
ate for older patients and patients with decreased per-
formance status. Efficacy has been observed in several
settings. An opportunity to improve the efficacy of met-
ronomic schedules without significantly increasing toxic-
ity presents with the addition of anti-angiogenic target-
ed treatments. These combinations rational stems from
the understanding of the importance of angiogenesis in
the mechanism of action of metronomic chemotherapy
which may be augmented by specific targeting of the
vascular endothelial growth factor (VEGF) pathway by
antibodies or small tyrosine kinase inhibitors. Combina-
tions of metronomic chemotherapy schedules with VEGF
pathway targeting drugs will be discussed in this paper.
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Core tip: Metronomic chemotherapy has the potential
to reduce the toxicity of chemotherapy administered
with conventional schedules. In addition, understanding
of the importance of angiogenesis in the mechanism
of action of metronomic schedules provides a rational
to combine this type of administration with targeted
agents against the vascular endothelial growth factor
signaling pathway.
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INTRODUCTION

Metronomic chemotherapy is defined as a chemotherapy
treatment that is given more often but in lower doses
than conventional chernotherapym. The different admin-
istration schedule results in differences in pharmacoki-
netics of the given drugs and in general lower peak con-
centrations but more protracted trough concentrations.
These pharmacokinetic differences may have implica-
tions for anti-tumor efficacy but equally importantly for
adverse effects and tolerability of chemotherapy drugs.
Vascular endothelial growth factor receptors (VEG-
FRs) are a family of tyrosine kinase cell surface receptors
that includes VEGFR-1 (also called Flt-1), VEGFR-2
(also called KDR), VEGFR-3 and the two neuropilin co-
receptors NRP-1 and NRP-2. These are ligated by six
secreted glucoprotein ligands VEGF-A to -E and PIGF
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(Placenta Growth Factor). Ligation of the receptors trig-
gers activation of down-stream cascades that include the
Ras-Raf-MAPK and the PI3K-Akt pathways. VEGFR
signaling leads to loosening of the inter-cellular junctions
of endothelial cells and contributes to increased motility
and eventually results in promotion of angiogenesis and
vascular permeabﬂitym. The VEGEFR system has a physi-
ologic role during development that is usurped by tu-
mors. Hypoxia in the tumor micro-environment is a well-
known inducer of VEGE Its expression is up-regulated
by transcription factor [hypoxia-induced factor (HIF)],
a factor consisting of two sub-units HIF-1ow or HIF-20
and HIF-B. The B sub-unit is constitutively expressed
and the o sub-units are up-regulated by hypoxia through
a mechanism involving hypoxia-promoted protein stabili-
zation. Hypoxia prevents proline hydroxylation of HIF-o
factors interfering with their interaction with ubiquitin
ligase (Von Hippel Lindau) and thus prevents them from
being ubiquitinated and degraded in the proteasomem. As
a result HIF-q factors concentration is increased and in
association with HIF- may initiate transcription of more
than a hundred target genes, such as VEGFEY. Other
tumor associated events, such as tumor suppressor p53
inactivation and proliferation-promoting cascades activa-
tion, induce VEGE

In this paper we will review the current data on com-
binations of VEGF and VEGEFR inhibitors with met-
ronomic chemotherapeutics in cancer. Drugs that affect
other components of the angiogenesis network or inhibit
angiogenesis indirectly may constitute rational partners
for development in combination with metronomic che-
motherapy but will not be discussed here.

cyclophosphamide is most commonly dosed at 50 mg
per day instead of the more conventional dose of 100
rng/rn2 per day for 14 d every 4 wk incorporated, for
example, in one of the versions of CMF and 600 mg/m”
IV every 3 wk in another CMF version™”. Metronomic
oral methotrexate has been used often in combination
with metronomic cyclophosphamide in metastatic breast
cancer at a dose of 2.5 mg twice weekly as compared
with the dose of 40 mg/m2 of the classic CMF (of note
this dose is considered “low” compared to “intermediate”
and “high” doses in the grams range used in the treat-
ment of sarcomas and acute leukemias and requiring fo-
linic acid rescue)™. A usual dose of oral daily etoposide
is 50 mg and a proposed dose of daily oral topotecan is 0.8
mg/ m™L A commonly used metronomic dose of temo-
zolomide is 75 mg/ m° continuously daily compared with
150-200 mg/ m’ for 5 consecutive days every 4 wk that is
a more conventional dose'”. Of interest, the metronomic
administration is part of a first line standard regimen in
glioblastoma multiforme in combination with radiation
therapym].

Metronomic administration of chemotherapy has es-
sentially a lower incidence of some of the most setious
and problematic adverse effects of conventional doses of
chemotherapeutics such as myelotoxicity and setious gas-
trointestinal toxicity. In many cases metronomic chemo-
therapy produces significantly less alopecia that, although
not life-threatening, is impacting in patients’ quality of
life.

TARGETED AGENTS AGAINST VEGF
AND VEGFRS

COMMONLY USED METRONOMIC
CHEMOTHERAPIES

Metronomic chemotherapy that comprises the backbone
of combinations with anti-angiogenic agents is most

often given in an oral form and thus availability of an
oral form of various chemotherapeutics has dictated the
development of such combinations, given the consid-
erable greater ease and practicability of administering
lower closely spaced in time (eg., daily) doses by mouth
instead of intravenously. All these oral drugs have been
developed as monotherapies or combinations with classic
chemotherapy drugs previously and have a well-charac-
terized safety profile when used in conventional doses
and schedules. Data also exist for metronomic schedules,
although in general less extensive than for conventional
schedules. Some intravenous (IV) chemotherapy drugs
given in lower doses and more frequently schedules, usu-
ally weekly, instead of three-weekly, can be considered
metronomic.

Most commonly used oral chemotherapies include
oral forms of cyclophosphamide, methotrexate, vinorel-
bine, etoposide and topotecan, the oral alkylator temo-
zolamide and the oral fluoropyrimidines capecitabine
and tegafur in combination with uracil. Metronomic oral
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The first anti-angiogenic agent targeting the VEGF-A
ligand that entered the clinical arena was the recombinant
humanized monoclonal antibody bevacizumab. Activity
has been shown mainly in combination with classic che-
motherapy agents in a variety of tumors such as colorec-
tal cancer, glioblastoma multiforme, ovarian cancer and
carcinomas of the lung"""". Not surprisingly bevacizum-
ab is the agent targeting the VEGF/ VEGFR axis most
extensively studied also in combination with metronomic
chemotherapy.

An agent targeting the VEGF ligand, that was more
recently developed, is the VEGF trap aflibercept. This
molecule consists of the second immunoglobulin do-
main of VEGFR-1, the third immunoglobulin domain
of VEGFR-2 and the Fc (constant region) of IgG1 type
human immunoglobulins. The construct functions as a
decoy receptor that captures circulating VEGF-A and
PIGE, preventing them from binding and activating their
receptors“‘ﬂ. Aflibercept has been approved for the treat-
ment of metastatic colorectal carcinoma in combination
with the FOLFIRI regirnen“()] but has not been studied
clinically in combination with metronomic schedules.

An increasing number of small molecules tyrosine
kinase inhibitors (TKIs) blocking VEGEFRs have gained
approval for diverse indications and have entered the
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clinic. They are less specific than monoclonal antibod-
ies and tend to block other tyrosine kinase receptors and
even non-receptor kinases with varying degrees of affin-
ity. The TKI regorafenib, for example, that is approved
for the third line treatment of metastatic colorectal can-
cet, inhibits, in addition to VEGFR, PDGE, FGFR, C-kit,
Ret, BRAF and TIE-2"". TKIs sunitinib and pazopanib,
approved for the treatment of renal cell carcinoma in-
hibit, in addition to VEGFR, PDGFR and C-kit, while
sorafenib, another TKI also approved for the treatment
of renal cell carcinoma as well as for hepatocellular carci-
noma, inhibits, in addition to these three receptors, non-
receptor kinase BRAF™,

Targeted agents have a different toxicity profile from
chemotherapy in general and metronomic administration
in particular. A side effect peculiar to all VEGF pathway
blocking agents is hypertensionm]. Skin reactions, hypo-
thyroidism and blood coagulation complications are also
other adverse effects.

RATIONAL FOR THE COMBINATION

Metronomic chemotherapy is believed to act against can-

cer cells in an indirect way through anti-angiogenic actions
as well as through immune-mediated effects. An experi-
mental demonstration of the importance of angiogenesis
for tumor propagation in mice was obtained by using
low dose metronomic cyclophosphamide. In these clas-
sic experiments metronomic cyclophosphamide inhibited
angiogenesis 7z vivo and induced apoptosis of endothelial
cells in a mouse experimental model™. This was followed
by apoptosis of the human drug-resistant leukemia and
lung cancer cell xenografts. Combined treatment of mice
with metronomic cyclophosphamide and an angiogenesis
inhibitor, TNP-470, resulted in complete eradication of
drug-resistant human xenografts. Metronomic schedule
consisted of cyclophosphamide 170 mg/kg every 6 d
while the classic dose was 150 mg/kg in days 1, 3 and 5
every 3 wk. The effect of metronomic doses of vinblas-
tine has been studied in human umbilical vein endothelial
cells (HUVEC). Doses of 0.25-1 pM of the drug pro-
duced significant decrease in the angiogenic phenotype
(proliferation, chemotaxis and adhesion to extracellular
matrix components) without an increase in apoptosis of
HUVEC™. These experiments argue for the relevance of
angiogenesis in the effects of metronomic chemotherapy
schedules and, in addition, offer the first evidence for the
value of adding a targeted angiogenesis inhibitor.

An additional mechanism of anti-tumor action of
metronomic chemotherapy is promotion of the immune
response against cancer cells. In a model of tumor beat-
ing mice, metronomic paclitaxel was demonstrated to
enhance immune responses obtained with immunization
with a DNA vaccine against chimeric CTGF/ E7%. An-
other study of metronomic cyclophosphamide in mice
bearing xenografts of glial origin or syngeneic tumors
confirmed an anti-tumor activity that was dependent
on recruitment of immune cells in the tumor™’. Mice
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with a severe combined immunodeficiency background
or defects on perforin could not mount an anti-tumor
response to metronomic cyclophosphamide. In addi-
tion treatment with a motre conventional intermittent
schedule of cyclophosphamide produced a weaker and
transient immune activation, a fact interpreted by the
authors to denote a need for a more sustained immune
stimulation for effective immune response productionm
Interestingly, in this study, combined treatment with in-
hibitors of VEGFR axitinib, cediranib and AG-028262
and metronomic cyclophosphamide interfered with the
ability of the latter to recruit immune cells to the tumors
and decreased the response to it. Immune mediated
activity of metronomic chemotherapy appears to be
particularly dependent on doses and frequency of the
used drugs, at least in pre-clinical mouse models™”. Work
from the same laboratory has shown that, in contrast to
immune interference, anti-VEGFR agents may have syn-
ergistic anti-tumor effects with metronomic chemother-
apy by promoting tumor retention of active metabolites
such as 4-hydroxy-cyclophosphamide and, at least par-
tially counteracting, the deleterious effect on anti-tumor
immunogenicity[zﬂ. In discordance with the above pre-
clinical data arguing for a role of metronomic schedules
in triggering anti-tumor immunity, a small clinical study
of patients with diverse types of cancer treated with
conventional or metronomic schedules of chemotherapy
has reported an increase in the ratio of regulatory T
cells to effector T cells in both types of schedules but
this increase was more pronounced with metronomic
schedules™. Regulatory T cells may blunt the anti-tumor
response of the immune system against tumor cells.
The study did not aim to compare the implications of
these immune effects on clinical outcomes and, in any
case, this would be impossible given the small number
of patients across different tumor types and different
drugs used™. Overall the involvement of an immune
response to the anti-tumor effect of metronomic sched-
ules of chemotherapy is far from clear but the addition
of VEGF pathway-targeting agents could theoretically
improve this immune effect by normalizing the tumor
vasculature network and thus improving immune cell
access to the tumor by preventing the formation of the
pathologic tumor-associated convoluted vessel network.
This is due to the fact that morphologically abnormal
glomeruloid microvascular proliferations and bridged
mother vessels remain dependent on VEGF-A signal-
ing after their formation while feeder arteries, draining
veins and capillaries in the tumor beds become VEGF

signaling—independentm.

PRE-CLINICAL EVALUATION

Consolidating the above rational, additional pre-clinical
evaluation of combinations of metronomic chemothera-
pies with anti-VEGF targeted agents has been undertaken.

A human xenograft model of neuroblastoma in SCID
mice was used to investigate the effect of combination
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treatment of metronomic vinblastine with DC101, an an-
ti-VEGFR2 antibody[zgl. Each drug alone produced only
a transient tumor inhibition. In contrast the combination
resulted in sustained xenograft growth inhibition with
no signs of resistance development up to seven months
on treatment. In addition, some of the animals were fol-
lowed after discontinuation of the combination treatment
and showed no evidence of tumor recurrence. Treatment
was well-tolerated and mice did not display any of the
usual signs of toxicity such as weight loss, anorexia, dehy-
dration or skin ulcerations. In agreement with the clinical
effect, the combination showed more pronounced apop-
totic cell death and angiogenesis inhibition than control
or monotherapy treatment in histopathologic sections
examination”.

The same investigators expanded the above findings
to a human orthotopic breast cancer model of cell lines
MDA-MB-231 and MDA-MB-435 and multidrug resis-
tant derivative lines expressing multidrug resistance pgp
glucoproteinm]. Continuous low dose of vinblastine, cis-
platin or doxorubicin in combination with the same anti-
VEGFR2 antibody resulted in improved and sustained
anti-tumor effects compared with the chemotherapeutics
alone while the antibody by itself had an intermediate ef-
fect.

Human colorectal cancer cell line KM12SM growing
as xenograft in nude mice was investigated as a target
of conventionally-dosed irinotecan or the same drug
given in a metronomic schedule with or without bevaci-
zumab””. Both treatments including metronomic irino-
tecan (with or without bevacizumab) resulted in greater
anti-angiogenic effects compared with conventional
schedule as measured by microvessel density and CD31
immunostaining and were better tolerated as measured
by a decreased weight loss. Moreover the addition of
bevacizumab appeatred to act additively to metronomic
irinotecan further delaying tumor growth compared with
irinotecan rnonotherapyﬁo].

Another gastrointestinal tumor studied in a pre-
clinical human xenograft model in mice is pancreatic
cancer” . In this case the combination of metronomic
schedule gemcitabine with sunitinib had specific efficacy
in decreasing metastatic progression while its effect on
the primary tumors was less than the effect with conven-
tional maximal tolerated gemcitabine schedule.

Still in the realm of gastrointestinal tumor models,
human hepatocellular cancer xenografts of the Hep3B
cell line were studied in immunocompromised mice.
Treatment with sorafenib, a drug that is used clinically
in the treatment of the disease, eventually led to tumor
resistance and increase in tumor burden despite continu-
ous treatment. Co-administration of a metronomic dose
of UFT (15 mg/kg per day continuously) could delay
the development of resistance and prolong the median
survival of mice from less than 3 to 4.5 mo without in-
creased toxicitym]. In another study from the same group,
orthotopically implanted hepatocellular carcinoma xeno-
grafts of the same cell line Hep3B were more efficiently
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controlled by the combination of metronomic UFT
or cyclophosphamide and the anti-VEGFR2 antibody
DC101 than with either agents alone™.

In mice bearing human prostate cancer and rat
gliosarcoma cell line xenografts, the VEGFR inhibitor
axitinib in combination with metronomic cyclophospha-
mide displayed improved anti-tumor activity in compari-
son with either drug alone and this despite decreased
tumor uptake of the active cyclophosphamide metabolite
4—hydroxy—cyclophosphamide[34’35]. Axitinib was found to
possess, in addition to anti-angiogenic, direct anti-tumor
cell effects inducing tumor cell apoptosis and this may
relate to the fact that it is, similarly to other TKIs, an
inhibitor of pathways other than VEGE, as mentioned
previouslyBS].

Ovarian cancer was the subject of a study combining
oral topotecan with pazopanibm. Topotecan has activity
and is cutrrently used clinically in the treatment of this
type of cancer while anti-angiogenesis is also a proven
beneficial modality for ovarian cancer and thus the com-
bination is of particular clinical interest. Mice bearing
human ovarian cancer xenografts in their peritoneal cav-
ity were treated with either drug alone or their combina-
tion. Metronomic oral topotecan plus pazopanib was
more effective than topotecan alone in maximal tolerated
dose or pazopanib alone in reducing tumor burden and
in prolonging the survival of the tumor-bearing mice™”,
Similar conclusions were reached in another study of the
same combination using additional ovarian cell line xeno-
graftsm

In conclusion, extensive pre-clinical evidence pin-
points to the activity of metronomic chemotherapy/anti-
VEGF pathway inhibitors combinations in a variety of
tumor types. This together with the variety of chemo-
therapeutics and VEGF-targeting agents used in these
combinations and producing the same synergistic effect
argues for a mechanism that is independent of the spe-
cific tumor and underlying molecular lesions that it bears
and is consistent with an anti-angiogenic and immune
mediated mechanism.

CLINICAL STUDIES

Glioblastoma multiforme (GBM) is the most common
and most aggressive malignant primary brain tumor for
which the median survival with trimodality treatment

followed by temozolomide maintenance is 15 mo with
less than 10% of patients alive at 5 yearsm. Since several
preclinical models showed up-regulation of VEGF in
GBM cell lines, targeting angiogenesis has been a subject
of several clinical trials that led to the approval of beva-
cizumab as monotherapy for recurrent GBM". Few of
these studies attempt to explore the role of metronomic
chemotherapy in combination with angiogenic agents in
this context and have attempted to bring these combina-
tions in the forefront of GBM therapeutics.

In the front line treatment, two phase Il random-
ized trials showed that incorporation of bevacizumab
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to the traditional radio-chemotherapy regimen with te-
mozolomide followed by bevacizumab until progression
improves the PES, but without any benefit in OS™. The
Radiation Therapy Oncology Group (RTOG) 0825 trial
included 637 patients who were randomized to receive
standard chemo-radiotherapy with temozolamide plus
cither placebo or bevacizumab (10 mg/kg every 2 wk)™”.
All patients had a Karnofsky Performance Scale score of
at least 60. There was no statistically significant benefit of
the addition of bevacizumab for the OS (15.7 mo »s 16.1
mo, P = 0.21) but a significant benefit for the PFS (10.7
mo »s 7.3 mo, P = 0.007) was noted. It is important to
note that patients from the placebo group were allowed
to cross over at progression, which may explain the lack
of benefit in OS.

AVAglio was an industry-sponsored study conducted
mainly in Europem]. It had a similar design that included
provision to crossover on progression. It randomized
921 patients and, similarly to RTOG 0825, showed a PFS
benefit for the addition of bevacizumab (10.6 mo »s 6.2
mo, P < 0.001) but failed to show an OS benefit (16.8
mo #5s 16.7 mo, P = 0.10). The two trials showed contrast-
ing results regarding quality of life (Qol) effect of beva-
cizumab. In the RTOG study addition of bevacizumab
worsened patient neurocognitive function, while AVAglio
showed improvement of Qol, prolonged time to Karnof-
sky Performance Scale score worsening, as well as delay
in the initiation of corticosteroid treatment. One pos-
sible reason for this discrepancy between the two trials
is that the AVAglio study did not incorporate a measure
of neurocognitive functioning into its evaluation for Qol
outcomes.

Based on the fact of failure to demonstrate benefit
in terms of OS, several oncologists believe that there are
not enough data to support addition of bevacizumab in
front line therapy and reserve its use in large, bulky tu-
mors with significant associated edema. Currently, Japan
is the only country to approve the addition of bevaci-
zumab in newly diagnosed GBM (http://www.roche.
com/media/ media_releases/med-cor-2013-06-17.htm).

In recurrent GBM, phase II studies have demon-
strated response rates of 63% and 6 mo PFS of 38% to
46% when bevacizumab is combined with metronomic
irinotecan adjusted according to whether patients were
taking metabolic enzyme-inducing anticonvulsants"**".
In another phase II study response rate was 47.3%, in-
cluding 2 patients with complete response[m. A phase I
trial evaluating biweekly bevacizumab with metronomic
etoposide in recurrent malignant glioma' included 27 (of
59 total) patients with GBM. The six months PFS was
44.4%, but the toxicity was increased with the combina-
tion compared with previous reports of bevacizumab
monotherapy. Interestingly low expression of VEGF
in tumors assessed by immunohistochemistry was cot-
related with poorer PES™!. Another phase II trial closed
at the interim analysis as the addition of bevacizumab on
metronomic chemotherapy (temozolomide or etoposide)

was found to be ineffective!*".
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There are limited data concerning VEGFR tyrosine
kinase inhibitors in GBM. A phase II trial has showed
that the combination of sorafenib with temozolamide in
recurrent GBM in 43 naive patients for anti-angiogenic
treatment is feasible and safel™. Twenty-three out of 43
patients had radiologically stable disease or a partial re-
sponse and the median PFS was 3.2 mo and the median
OS was 7.4 mo. Of note, 11% of patients suffered from
a grade 3-4 hand foot syndrome.

In ovarian cancer, the activity of anti-angiogenic
therapy with bevacizumab is well documented both as
monotherapy (RR 21% in a phase II study™”) and as
combination with chemotherapy. Several trials">*" have
shown a clear benefit in PES after incorporation of anti-
angiogenesis therapy in the management of newly diag-
nosed advanced ovarian cancer treated with carboplatin
and paclitaxel, making it a standard of care option in 1%
line.

The concept of metronomic treatment with antian-
giogenic therapy has been well studied in case of plati-
num resistant recurrent patients. A randomized phase 111
study comparing chemotherapy (weekly paclitaxel, weekly
topotecan or liposomal doxorubicin) to chemotherapy
plus bevacizumab confirmed the benefit of the combina-
tion with doubling of median PFS (6.7 mo »s 3.4 mo)™.
Mature OS data presented in ESMO 2013 congress did
not show statistically significant OS benefit of the combi-
nation (P = 0.174), despite a 3 mo survival advantage of
the bevacizumab arm (13.3 mo »s 16.6 mo)™. Interest-
ingly, in the subgroup analysis a more pronounced impact
was noticed when the bevacizumab was combined with
weekly paclitaxel (13.2 mo »s 22.4 mo), a chemotherapy
regimen with anti-angiogenic activity, supporting the idea
of the efficacy of the conceptm].

Moreover, a recent retrospective trial of bevacizumab
and oral metronomic cyclophosphamide in heavily pre-
treated platinum resistant ovarian cancer, with 66 patients,
has shown that the combination is active with a response
rate of 42.4%"".

The activity of weekly topotecan and biweekly bevaci-
zumab in ovarian cancer has been shown in a trial of be-
vacizumab 10 mg/kg administered on days 1 and 15 and
topotecan 4 rng/m2 on days 1, 8, and 15 of a 28-d cycle
until progressive disease (PD) or excessive toxicity”™". Me-
dian PFS and OS were 7.8 and 16.6 mo respectively, with
22 of 40 (55%) of the patients being progression-free for
= 6 mo. Ten (25%) patients had a partial response (PR),
14 (35%) had stable disease (SD), and 16 (40%) had PD.

A phase I /Il study of sorafenib associated with
weekly topotecan in patients with platinum-resistant
ovarian cancer or primary peritoneal carcinomatosis has
shown some efﬁcacym]. In this study, 16 patients were
enrolled in a phase [ part and 14 patients in a phase I
part. The phase II regimen consisted of sorafenib 400
mg daily and topotecan 3.5 mg/ m’ weekly on days 1, 8,
15 of a 28 d cycle. There were 5 PR (16.7%), and 14 pa-
tients (46.7%) with SD. Nevertheless, the combination of
sorafenib and topotecan caused significant toxicity.
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Other studies are ongoing evaluating combinations of
therapies targeting the VEGF pathway and metronomic
chemotherapy in ovarian cancer. For example, a German
phase I /1 trial combines metronomic cyclophospha-
mide with pazopanib[531 and a phase II study to open in
United Kingdom (NCT01610869) will combine nint-
edanib (formerly BIBF 1120, a receptor tyrosine kinase
inhibitor blocking signaling through VEGFR, PDGFR,
and FGFR, also investigated in idiopathic pulmonary
fibrosis®™™) and metronomic daily cyclophosphamide in
patients with multiply-relapsed advanced ovarian cancer.

In breast cancer, a phase II study of 46 patients (19
of whom had previous chemotherapy for metastatic dis-
ease) investigated the combination of metronomic cyclo-
phosphamide at a dose of 50 mg daily with capecitabine
500 mg three times daily and bevacizumab 10 mg/kg ev-
ery two weeks”, Tt showed a response rate of 48% and
a clinical benefit rate of 68%. The clinical benefit was
more pronounced in hormone receptors positive disease.
The treatment was very well tolerated with the only grade
3 or higher adverse effect occurring in more than 10%
of patients being hypertension[sﬂ. The same investigators
added erlotinib to the above combination in patients with
metastatic breast cancer poorly expressing hormone re-
ceptors and negative for Her-2 and observed a response
rate of 62%".

A phase I study with 20 metastatic breast cancer pa-
tients and up to four previous lines of treatment associ-
ated metronomic cyclophosphamide 50 mg daily with
methotrexate 2.5 mg 2 d per week and vandetanib found
to have a maximal tolerated dose of 200 mg dailym. Tox-
icity was acceptable and the clinical benefit rate was 25%.
A similar combination with cyclophosphamide and meth-
otrexate as the metronomic chemotherapy backbone and
bevacizumab instead of vandetanib produced a clinical
benefit rate of 31.8% in another study"™.

Several studies have been published showing clinical
activity of metronomic schedules in advanced stage non-
small cell lung cancer with acceptable toxicity profile.
Data on combinations with anti-angiogenic treatments
are less abundant and few studies have been published
and few are ongoing. A phase Il study published only
in abstract form so far presented data on the combina-
tion of two chemotherapeutics at metronomic doses
(paclitaxel 80 mg/ m’ weekly three weeks out of four and
gemcitabine 200-300 mg/ m” also weekly three weeks out
of four) with bevacizumab (10 mg/kg biweekly). Main-
tenance bevacizumab was an option for patients with
a good tolerance and no progression. The trial showed
a median OS of 30 mo and a 2-year OS of 55% in ad-
vanced non-squamous lung cancer””!

A small pilot phase II study combined a metronomic
oral chemotherapy part of etoposide at 50 mg per day for
14 d of a 21 d cycle and bevacizumab at 5 mg/kg with a
more intense part of cisplatin at a dose of 30 mg/ m” for
3 consecutive days. This was followed by maintenance
of etlotinib and bevacizumab in case of stable disease
or responsemo‘. The combination demonstrated a 69%
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partial response rate and 86% disease control rate (partial
response or stable disease). The PFS was 9.53 mo. Toxic-
ity was also significant as expected from a regimen with a
more intense component and included grade 3 or 4 my-
elotoxicity in 15% of patients and grade 3 or 4 GI toxic-
ity in 18%"",

A phase I study of the combination of metronomic
vinorelbine at a starting dose of 40 mg three times per
week with sorafenib (NCT00870532) has been completed
but results have not been published yet.

Clinical data from studies in other tumor types, al-
though less abundant, also confirm the concept of the
combination. A study of patients with hepatocellular cat-
cinoma and Child-Pugh class A liver function combined
sorafenib with metronomic tegafur-uracil and showed a
clinical benefit rate of 57%"". In a study of metastatic
colorectal cancer patients who had at least two previous
lines of therapy, the combination of cyclophosphamide
50 mg daily with imatinib 400 mg daily and bevacizumab
5 mg/kg every 2 wk was well tolerated and led to pro-
longed (more than 6 mo) stabilization of the disease in
20% of parjentsl&]. In a small study that included 15 pa-
tients with malignant neuroendoctine tumors mainly of
gastrointestinal origin, the combination of temozolomide
100 mg daily with a long acting somatostatin analogue
and bevacizumab produced a 64% response rate and 86%
clinical benefit rate!®”.

THE WAY AHEAD: PREDICTION OF
RESPONSE

As witnessed by other cancer treatments such as anti-
Her2 antibodies, the presence of a robust biomarker of
response greatly facilitates the development and estab-
lishment of a drug in the clinic. The absence of such
confirmed biomatkers for anti-VEGF treatments and for
metronomic chemotherapy hampers their development in
the clinic and has certainly contributed to negative results
of trials in some type of cancers and moderating their
success in others. Extensive investigations on discovering
such biomarkers have not succeeded in bringing any bio-
marker forward to clinical applicability so far. Initial ex-
ploratory investigation on the predictive value of VEGF
single nucleotide polymorphisms identified two minor
alleles associated with bevacizumab response in a breast
cancer population but this was not consistently seen in
another study also in breast cancer'. Circulating stem or
endothelial progenitor cells and MRI imaging parameters
have been proposed as markers of response to sorafenib
and bevacizumab™*. The previously discussed report
on metronomic cyclophosphamide, capecitabine and be-
vacizumab in breast cancer found a higher response of
this treatment in patients with higher baseline circulating
endothelial cells™. K-ras mutations, which predict for
lack of response to EGFR targeting therapies in meta-
static colorectal cancer, are not predictive of response to
bevacizumab despite k-ras being also part of one of the
intracellular signal cascades triggered by VEGFR". This
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argues for the importance of indirect mechanisms in the
cytotoxicity of VEGF treatments. Prediction of which
patient will respond to a given metronomic chemothera-
py treatment is similarly currently unfeasible.

Another interesting biomarker that has been pro-
posed as a predictor of response to bevacizumab is
thrombocytosis'®. This is a well validated laboratory
value already routinely used in the clinic and has been
associated with adverse outcomes in a variety of tumor
types[w'm. Interleukin-6 (IL-6), a thrombopoiesis-promot-
ing cytokine, production by the tumor is implicated in the
induction of thrombocytosis". TL-6 is concomitantly an
angiogenesis-promoting cytokine and thus its presence
may denote a particular angiogenic propensity of tumors
and dependence, as a result, to angiogenic pathways. In
addition, platelets contribute to this effect by carrying
additional pro-angiogenic substances in their granules[73].
As a result their number in a particular patient may rep-
resent a marker of the tumor dependency to a combina-
tion of treatments such as anti-VEGF and metronomic
chemotherapy that rely on inhibition of angiogenesis as
a mechanism of their action. Platelet proteome has been
reported to change after treatment with metronomic cy-
clophosphamide, methotrexate and vandetanib®™ but it is
unknown if the baseline status of this proteome predict
for response to treatment. Platelet number and content
represent interesting predictive markers for further in-
vestigation for the combination. Confirmation of their
value and discovery of other useful predictive biomarkers
will certainly facilitate a wider adoption of combinations
of VEGF therapies and metronomic chemotherapy that
could be a valuable option especially in later line of ther-
apy where lower toxicity therapies are needed to fit with
the profile of patients with lower performance statuses.

REFERENCES

1 Romiti A, Cox MC, Sarcina I, Di Rocco R, D’ Antonio C, Ba-
rucca V, Marchetti P. Metronomic chemotherapy for cancer
treatment: a decade of clinical studies. Cancer Chemother
Pharmacol 2013; 72: 13-33 [PMID: 23475105 DOI: 10.1007/
$00280-013-2125-x]

2 Esser S, Lampugnani MG, Corada M, Dejana E, Risau W.
Vascular endothelial growth factor induces VE-cadherin
tyrosine phosphorylation in endothelial cells. ] Cell Sci 1998;
111 (Pt 13): 1853-1865 [PMID: 9625748]

3 Shen C, Kaelin WG. The VHL/HIF axis in clear cell re-
nal carcinoma. Semin Cancer Biol 2013; 23: 18-25 [PMID:
22705278 DOI: 10.1016/j.semcancer.2012.06.001]

4 LiM, Kim WY. Two sides to every story: the HIF-depen-
dent and HIF-independent functions of pVHL. ] Cell Mol
Med 2011; 15: 187-195 [PMID: 21155973 DOI: 10.1111/
j.1582-4934.2010.01238.x]

5 Hutchins LF, Green SJ, Ravdin PM, Lew D, Martino S, Abe-
loff M, Lyss AP, Allred C, Rivkin SE, Osborne CK. Random-
ized, controlled trial of cyclophosphamide, methotrexate,
and fluorouracil versus cyclophosphamide, doxorubicin,
and fluorouracil with and without tamoxifen for high-risk,
node-negative breast cancer: treatment results of Intergroup
Protocol INT-0102. | Clin Oncol 2005; 23: 8313-8321 [PMID:
16293862 DOI: 10.1200/]JC0O.2005.08.071]

6 Weiss RB, Valagussa P, Moliterni A, Zambetti M, Buzzoni R,

WJEM | www.wjgnet.com

JRaishideng®

64

10

11

12

13

14

15

16

17

18

Bonadonna G. Adjuvant chemotherapy after conservative
surgery plus irradiation versus modified radical mastec-
tomy. Analysis of drug dosing and toxicity. Am | Med 1987;
83: 455-463 [PMID: 3116847 DOI: 10.1016/0002-9343(87)9075
5-8]

Gebbia V, Boussen H, Valerio MR. Oral metronomic cyclo-
phosphamide with and without methotrexate as palliative
treatment for patients with metastatic breast carcinoma. An-
ticancer Res 2012; 32: 529-536 [PMID: 22287742]

Orlando L, Cardillo A, Ghisini R, Rocca A, Balduzzi A,
Torrisi R, Peruzzotti G, Goldhirsch A, Pietri E, Colleoni M.
Trastuzumab in combination with metronomic cyclophos-
phamide and methotrexate in patients with HER-2 positive
metastatic breast cancer. BMC Cancer 2006; 6: 225 [PMID:
16978400 DOI: 10.1186/1471-2407-6-225]

Minturn JE, Janss AJ, Fisher PG, Allen JC, Patti R, Phillips
PC, Belasco JB. A phase II study of metronomic oral topote-
can for recurrent childhood brain tumors. Pediatr Blood Can-
cer 2011; 56: 39-44 [PMID: 21108437 DOI: 10.1002/ pbc.22690]
Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B,
Taphoorn M]J, Belanger K, Brandes AA, Marosi C, Bogdahn
U, Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier
A, Lacombe D, Cairncross ]G, Eisenhauer E, Mirimanoff RO.
Radiotherapy plus concomitant and adjuvant temozolomide
for glioblastoma. N Engl | Med 2005; 352: 987-996 [PMID:
15758009 DOI: 10.1056/ NEJMo0a043330]

Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T,
Hainsworth J, Heim W, Berlin ], Baron A, Griffing S, Hol-
mgren E, Ferrara N, Fyfe G, Rogers B, Ross R, Kabbinavar
F. Bevacizumab plus irinotecan, fluorouracil, and leucovo-
rin for metastatic colorectal cancer. N Engl | Med 2004; 350:
2335-2342 [PMID: 15175435 DOI: 10.1056/ NEJM0a032691]
Perren TJ, Swart AM, Pfisterer J, Ledermann JA, Pujade-
Lauraine E, Kristensen G, Carey MS, Beale P, Cervantes A,
Kurzeder C, du Bois A, Sehouli ], Kimmig R, Stihle A, Col-
linson F, Essapen S, Gourley C, Lortholary A, Selle F, Mirza
MR, Leminen A, Plante M, Stark D, Qian W, Parmar MK,
Oza AM. A phase 3 trial of bevacizumab in ovarian cancer.
N Engl | Med 2011; 365: 2484-2496 [PMID: 22204725 DOI:
10.1056/NEJMoa1103799]

Sandler A, Gray R, Perry MC, Brahmer ], Schiller JH, Dow-
lati A, Lilenbaum R, Johnson DH. Paclitaxel-carboplatin
alone or with bevacizumab for non-small-cell lung cancer.
N Engl ] Med 2006; 355: 2542-2550 [PMID: 17167137 DOI:
10.1056/NEJMo0a061884]

Chinot OL, Wick W, Mason W, Henriksson R, Saran F, Ni-
shikawa R, Carpentier AF, Hoang-Xuan K, Kavan P, Cernea
D, Brandes AA, Hilton M, Abrey L, Cloughesy T. Bevaci-
zumab plus radiotherapy-temozolomide for newly diag-
nosed glioblastoma. N Engl | Med 2014; 370: 709-722 [PMID:
24552318 DOI: 10.1056/ NEJMoa1308345]

Patel A, Sun W. Ziv-aflibercept in metastatic colorectal can-
cer. Biologics 2014; 8: 13-25 [PMID: 24368879]

Tabernero J, Van Cutsem E, Lakomy R, Prausova ], Ruff
P, van Hazel GA, Moiseyenko VM, Ferry DR, McKendrick
JJ, Soussan-Lazard K, Chevalier S, Allegra CJ. Aflibercept
versus placebo in combination with fluorouracil, leucovo-
rin and irinotecan in the treatment of previously treated
metastatic colorectal cancer: prespecified subgroup analyses
from the VELOUR trial. Eur | Cancer 2014; 50: 320-331 [PMID:
24140268 DOI: 10.1016/j.ejca.2013.09.013]

Festino L, Fabozzi A, Manzo A, Gambardella V, Martinelli
E, Troiani T, De Vita F, Orditura M, Ciardiello F, Morgillo
F. Critical appraisal of the use of regorafenib in the manage-
ment of colorectal cancer. Cancer Manag Res 2013; 5: 49-55
[PMID: 23610528]

Reardon DA, Turner S, Peters KB, Desjardins A, Gururan-
gan S, Sampson JH, McLendon RE, Herndon JE, Jones LW,
Kirkpatrick JP, Friedman AH, Vredenburgh JJ, Bigner DD,
Friedman HS. A review of VEGF/VEGFR-targeted thera-

November 20, 2014 | Volume 4 | Issue4 |



19

20

21

22

23

24

25

26

27

28

29

30

31

32

JRaishideng®

Digklia A et a/. VEGF pathway inhibitors and metronomic chemotherapy

peutics for recurrent glioblastoma. | Natl Compr Canc Netw
2011; 9: 414-427 [PMID: 21464146]

Cohen RB, Oudard S. Antiangiogenic therapy for advanced
renal cell carcinoma: management of treatment-related
toxicities. Invest New Drugs 2012; 30: 2066-2079 [PMID:
22327313 DOI: 10.1007/510637-012-9796-8]

Browder T, Butterfield CE, Kréling BM, Shi B, Marshall B, O
Reilly MS, Folkman J. Antiangiogenic scheduling of chemo-
therapy improves efficacy against experimental drug-resis-
tant cancer. Cancer Res 2000; 60: 1878-1886 [PMID: 10766175]
Vacca A, Iurlaro M, Ribatti D, Minischetti M, Nico B, Ria R,
Pellegrino A, Dammacco F. Antiangiogenesis is produced
by nontoxic doses of vinblastine. Blood 1999; 94: 4143-4155
[PMID: 10590059]

Chen CA, Ho CM, Chang MC, Sun WZ, Chen YL, Chiang
YC, Syu MH, Hsieh CY, Cheng WEF. Metronomic chemo-
therapy enhances antitumor effects of cancer vaccine by
depleting regulatory T lymphocytes and inhibiting tumor
angiogenesis. Mol Ther 2010; 18: 1233-1243 [PMID: 20372107
DOI: 10.1038/mt.2010.34]

Doloff JC, Waxman DJ. VEGF receptor inhibitors block
the ability of metronomically dosed cyclophosphamide
to activate innate immunity-induced tumor regression.
Cancer Res 2012; 72: 1103-1115 [PMID: 22237627 DOI:
10.1158/0008-5472.CAN-11-3380]

Chen CS, Doloff JC, Waxman D]J. Intermittent metronomic
drug schedule is essential for activating antitumor innate
immunity and tumor xenograft regression. Neoplasia 2014;
16: 84-96 [PMID: 24563621]

Ma J, Chen CS, Blute T, Waxman DJ. Antiangiogenesis
enhances intratumoral drug retention. Cancer Res 2011;
71: 2675-2685 [PMID: 21447737 DOI: 10.1158/0008-5472.
CAN-10-3242]

Koumarianou A, Christodoulou MI, Patapis P, Papado-
poulos I, Liakata E, Giagini A, Stavropoulou A, Poulakaki
N, Tountas N, Xiros N, Economopoulos T, Pectasides D,
Tsitsilonis OE, Pappa V. The effect of metronomic versus
standard chemotherapy on the regulatory to effector T-cell
equilibrium in cancer patients. Exp Hematol Oncol 2014; 3: 3
[PMID: 24456704 DOI: 10.1186/2162-3619-3-3]

Sitohy B, Nagy JA, Dvorak HF. Anti-VEGF/VEGFR
therapy for cancer: reassessing the target. Cancer Res 2012;
72: 1909-1914 [PMID: 22508695 DOI: 10.1158/0008-5472.
CAN-11-3406]

Klement G, Baruchel S, Rak J, Man S, Clark K, Hicklin D],
Bohlen P, Kerbel RS. Continuous low-dose therapy with
vinblastine and VEGF receptor-2 antibody induces sus-
tained tumor regression without overt toxicity. | Clin Invest
2000; 105: R15-R24 [PMID: 10772661 DOI: 10.1172/JCI8829]
Klement G, Huang P, Mayer B, Green SK, Man S, Bohlen
P, Hicklin D, Kerbel RS. Differences in therapeutic indexes
of combination metronomic chemotherapy and an anti-
VEGEFR-2 antibody in multidrug-resistant human breast
cancer xenografts. Clin Cancer Res 2002; 8: 221-232 [PMID:
11801563]

Murakami H, Ogata Y, Akagi Y, Ishibashi N, Shirouzu K.
Circulating endothelial progenitor cells in metronomic che-
motherapy using irinotecan and/or bevacizumab for colon
carcinoma: Study of their clinical significance. Exp Ther Med
2011; 2: 595-600 [PMID: 22977546]

Tran Cao HS, Bouvet M, Kaushal S, Keleman A, Romney
E, Kim G, Fruehauf J, Imagawa DK, Hoffman RM, Katz
MH. Metronomic gemcitabine in combination with suni-
tinib inhibits multisite metastasis and increases survival in
an orthotopic model of pancreatic cancer. Mol Cancer Ther
2010; 9: 2068-2078 [PMID: 20606044 DOI: 10.1158/1535-7163.
MCT-10-0201]

Tang TC, Man S, Xu P, Francia G, Hashimoto K, Emmeneg-
ger U, Kerbel RS. Development of a resistance-like pheno-
type to sorafenib by human hepatocellular carcinoma cells

WJEM | www.wjgnet.com

65

33

34

35

36

37

38

39

40

41

42

43

44

is reversible and can be delayed by metronomic UFT che-
motherapy. Neoplasia 2010; 12: 928-940 [PMID: 21076618]
Tang TC, Man S, Lee CR, Xu P, Kerbel RS. Impact of metro-
nomic UFT/cyclophosphamide chemotherapy and antian-
giogenic drug assessed in a new preclinical model of locally
advanced orthotopic hepatocellular carcinoma. Neoplasia
2010; 12: 264-274 [PMID: 20234820]

Ma J, Waxman DJ. Dominant effect of antiangiogenesis
in combination therapy involving cyclophosphamide and
axitinib. Clin Cancer Res 2009; 15: 578-588 [PMID: 19147763
DOI: 10.1158/1078-0432.CCR-08-1174]

Ma J, Waxman DJ. Modulation of the antitumor activity of
metronomic cyclophosphamide by the angiogenesis inhibi-
tor axitinib. Mol Cancer Ther 2008; 7: 79-89 [PMID: 18202011
DOI: 10.1158 /1535-7163. MCT-07-0584]

Hashimoto K, Man S, Xu P, Cruz-Munoz W, Tang T, Ku-
mar R, Kerbel RS. Potent preclinical impact of metronomic
low-dose oral topotecan combined with the antiangio-
genic drug pazopanib for the treatment of ovarian cancer.
Mol Cancer Ther 2010; 9: 996-1006 [PMID: 20371722 DOI:
10.1158 /1535-7163.MCT-09-0960]

Merritt WM, Nick AM, Carroll AR, Lu C, Matsuo K,
Dumble M, Jennings N, Zhang S, Lin YG, Spannuth WA,
Kamat AA, Stone RL, Shahzad MM, Coleman RL, Kumar R,
Sood AK. Bridging the gap between cytotoxic and biologic
therapy with metronomic topotecan and pazopanib in ovar-
ian cancer. Mol Cancer Ther 2010; 9: 985-995 [PMID: 20371710
DOI: 10.1158 /1535-7163.MCT-09-0967]

Cohen MH, Shen YL, Keegan P, Pazdur R. FDA drug ap-
proval summary: bevacizumab (Avastin) as treatment
of recurrent glioblastoma multiforme. Oncologist 2009;
14: 1131-1138 [PMID: 19897538 DOI: 10.1634/ theoncolo-
gist.2009-0121]

Gilbert MR, Dignam JJ, Armstrong TS, Wefel ]S, Blumen-
thal DT, Vogelbaum MA, Colman H, Chakravarti A, Pugh
S, Won M, Jeraj R, Brown PD, Jaeckle KA, Schiff D, Stieber
VW, Brachman DG, Werner-Wasik M, Tremont-Lukats IW,
Sulman EP, Aldape KD, Curran WJ, Mehta MP. A random-
ized trial of bevacizumab for newly diagnosed glioblas-
toma. N Engl ] Med 2014; 370: 699-708 [PMID: 24552317 DOL:
10.1056/NEJMoa1308573]

Vredenburgh JJ, Desjardins A, Herndon JE, Dowell JM,
Reardon DA, Quinn JA, Rich JN, Sathornsumetee S, Guru-
rangan S, Wagner M, Bigner DD, Friedman AH, Friedman
HS. Phase II trial of bevacizumab and irinotecan in recur-
rent malignant glioma. Clin Cancer Res 2007; 13: 1253-1259
[PMID: 17317837 DOI: 10.1158/1078-0432.CCR-06-2309]
Vredenburgh JJ, Desjardins A, Herndon JE, Marcello J,
Reardon DA, Quinn JA, Rich JN, Sathornsumetee S, Guru-
rangan S, Sampson J, Wagner M, Bailey L, Bigner DD,
Friedman AH, Friedman HS. Bevacizumab plus irinotecan
in recurrent glioblastoma multiforme. | Clin Oncol 2007; 25:
4722-4729 [PMID: 17947719 DOI: 10.1200/]JCO.2007.12.2440]
Bokstein F, Shpigel S, Blumenthal DT. Treatment with
bevacizumab and irinotecan for recurrent high-grade glial
tumors. Cancer 2008; 112: 2267-2273 [PMID: 18327820 DOI:
10.1002/ cncr.23401]

Reardon DA, Desjardins A, Vredenburgh JJ, Gururangan S,
Sampson JH, Sathornsumetee S, McLendon RE, Herndon JE,
Marcello JE, Norfleet ], Friedman AH, Bigner DD, Friedman
HS. Metronomic chemotherapy with daily, oral etoposide
plus bevacizumab for recurrent malignant glioma: a phase
I study. Br ]| Cancer 2009; 101: 1986-1994 [PMID: 19920819
DOI: 10.1038/ sj.bjc.6605412]

Reardon DA, Desjardins A, Peters K, Gururangan S, Samp-
son J, Rich JN, McLendon R, Herndon JE, Marcello J, Threatt
S, Friedman AH, Vredenburgh JJ, Friedman HS. Phase 11
study of metronomic chemotherapy with bevacizumab for
recurrent glioblastoma after progression on bevacizumab
therapy. | Neurooncol 2011; 103: 371-379 [PMID: 20853132

November 20, 2014 | Volume 4 | Issue4 |



45

46

47

48

49

50

51

52

53

54

55

JBaishideng®

Digklia A et a/. VEGF pathway inhibitors and metronomic chemotherapy

DOI: 10.1007/511060-010-0403-6]

Zustovich F, Landi L, Lombardi G, Porta C, Galli L, Fontana
A, Amoroso D, Galli C, Andreuccetti M, Falcone A, Zagonel
V. Sorafenib plus daily low-dose temozolomide for relapsed
glioblastoma: a phase II study. Anticancer Res 2013; 33:
3487-3494 [PMID: 23898124]

Burger RA, Sill MW, Monk BJ, Greer BE, Sorosky JI. Phase
II trial of bevacizumab in persistent or recurrent epithelial
ovarian cancer or primary peritoneal cancer: a Gynecologic
Oncology Group Study. | Clin Oncol 2007; 25: 5165-5171
[PMID: 18024863 DOI: 10.1200/JC0.2007.11.5345]

Burger RA, Brady MF, Bookman MA, Fleming GF, Monk
BJ, Huang H, Mannel RS, Homesley HD, Fowler ], Greer
BE, Boente M, Birrer M], Liang SX. Incorporation of bevaci-
zumab in the primary treatment of ovarian cancer. N Engl
J Med 2011; 365: 2473-2483 [PMID: 22204724 DOI: 10.1056/
NEJMoa1104390]

Pujade-Lauraine E, Hilpert F, Weber B, Reuss A, Poveda
A, Kristensen G, Sorio R, Vergote I, Witteveen P, Bamias A,
Pereira D, Wimberger P, Oaknin A, Mirza MR, Follana P,
Bollag D, Ray-Coquard I. Bevacizumab combined with che-
motherapy for platinum-resistant recurrent ovarian cancer:
The AURELIA open-label randomized phase III trial. | Clin
Oncol 2014; 32: 1302-1308 [PMID: 24637997 DOI: 10.1200/
JCO.2013.51.4489]

Witteveen P, Lortholary A, Fehm T, Poveda A, Reuss A,
Havsteen H, Raspagliesi F, Vergote I, Bamias A, Pujade-
Lauraine E, on behalf of the AURELIA investigators. Final
overall survival results from AURELIA, an open-label ran-
domized phase III trial of chemotherapy with or without be-
vacizumab for platinum-resistant recurrent ovarian cancer
(abstract). ECCO Congress; 2013. Available from: URL: http:
/ /www .poster-submission.com/board

Barber EL, Zsiros E, Lurain JR, Rademaker A, Schink JC,
Neubauer NL. The combination of intravenous bevacizum-
ab and metronomic oral cyclophosphamide is an effective
regimen for platinum-resistant recurrent ovarian cancer. |
Guynecol Oncol 2013; 24: 258-264 [PMID: 23875076]
McGonigle KF, Muntz HG, Vuky ], Paley PJ, Veljovich
DS, Greer BE, Goff BA, Gray HJ, Malpass TW. Combined
weekly topotecan and biweekly bevacizumab in women
with platinum-resistant ovarian, peritoneal, or fallopian
tube cancer: results of a phase 2 study. Cancer 2011; 117:
3731-3740 [PMID: 21815133 DOI: 10.1002/ cncr.25967]
Ramasubbaiah R, Perkins SM, Schilder ], Whalen C, John-
son CS, Callahan M, Jones T, Sutton G, Matei D. Sorafenib
in combination with weekly topotecan in recurrent ovarian
cancer, a phase I/1I study of the Hoosier Oncology Group.
Gynecol Oncol 2011; 123: 499-504 [PMID: 21955480 DOI:
10.1016/j.ygyno.2011.08.033]

Eichbaum M, Mayer C, Eickhoff R, Bischofs E, Gebauer G,
Fehm T, Lenz F, Fricke HC, Solomayer E, Fersis N, Schmidt
M, Wallwiener M, Schneeweiss A, Sohn C. The PACOVAR-
trial: a phase 1/II study of pazopanib (GW786034) and cy-
clophosphamide in patients with platinum-resistant recur-
rent, pre-treated ovarian cancer. BMC Cancer 2011; 11: 453
[PMID: 22014006 DOI: 10.1186/1471-2407-11-453]

Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK,
Costabel U, Cottin V, Flaherty KR, Hansell DM, Inoue Y,
Kim DS, Kolb M, Nicholson AG, Noble PW, Selman M,
Taniguchi H, Brun M, Le Maulf F, Girard M, Stowasser S,
Schlenker-Herceg R, Disse B, Collard HR. Efficacy and safe-
ty of nintedanib in idiopathic pulmonary fibrosis. N Engl |
Med 2014; 370: 2071-2082 [PMID: 24836310 DOI: 10.1056/
NEJMoa1402584]

Dellapasqua S, Bertolini F, Bagnardi V, Campagnoli E,
Scarano E, Torrisi R, Shaked Y, Mancuso P, Goldhirsch A,
Rocca A, Pietri E, Colleoni M. Metronomic cyclophospha-
mide and capecitabine combined with bevacizumab in ad-
vanced breast cancer. | Clin Oncol 2008; 26: 4899-4905 [PMID:

WJEM | www.wjgnet.com

66

56

57

58

59

60

61

62

63

64

65

66

67

18794539 DOI: 10.1200/]JC0O.2008.17.4789]

Montagna E, Cancello G, Bagnardi V, Pastrello D, Del-
lapasqua S, Perri G, Viale G, Veronesi P, Luini A, Intra M,
Calleri A, Rampinelli C, Goldhirsch A, Bertolini F, Colleoni M.
Metronomic chemotherapy combined with bevacizumab and
erlotinib in patients with metastatic HER2-negative breast
cancer: clinical and biological activity. Clin Breast Cancer 2012;
12: 207-214 [PMID: 22520733 DOI: 10.1016/j.clbc.2012.03.008]
Mayer EL, Isakoff SJ, Klement G, Downing SR, Chen WY,
Hannagan K, Gelman R, Winer EP, Burstein HJ. Combina-
tion antiangiogenic therapy in advanced breast cancer: a
phase 1 trial of vandetanib, a VEGFR inhibitor, and metro-
nomic chemotherapy, with correlative platelet proteomics.
Breast Cancer Res Treat 2012; 136: 169-178 [PMID: 23001754
DOI: 10.1007 / s10549-012-2256-5]

Garcia-Saenz JA, Martin M, Calles A, Bueno C, Rodriguez
L, Bobokova J, Custodio A, Casado A, Diaz-Rubio E. Beva-
cizumab in combination with metronomic chemotherapy
in patients with anthracycline- and taxane-refractory breast
cancer. | Chemother 2008; 20: 632-639 [PMID: 19028628 DOI:
10.1179/j0c.2008.20.5.632]

Marquette CL, Grant SC, DeShazo M, Reddy V, Cantor A,
Miley D, Jerome M, Robert F. Phase II study of metronomic
chemotherapy (MC) with bevacizumab (B) in patients with
advanced nonsquamous non-small cell lung cancer (NS-
NSCLC). ] Clin Oncol 2013; 31 (suppl): abstr. 8057

Correale P, Botta C, Basile A, Pagliuchi M, Licchetta A,
Martellucci I, Bestoso E, Apollinari S, Addeo R, Misso G,
Romano O, Abbruzzese A, Lamberti M, Luzzi L, Gotti G,
Rotundo MS, Caraglia M, Tagliaferri P. Phase II trial of bev-
acizumab and dose/dense chemotherapy with cisplatin and
metronomic daily oral etoposide in advanced non-small-
cell-lung cancer patients. Cancer Biol Ther 2011; 12: 112-118
[PMID: 21525780 DOI: 10.4161/cbt.12.2.15722]

Hsu CH, Shen YC, Lin ZZ, Chen PJ, Shao YY, Ding YH, Hsu
C, Cheng AL. Phase II study of combining sorafenib with
metronomic tegafur/uracil for advanced hepatocellular
carcinoma. | Hepatol 2010; 53: 126-131 [PMID: 20416968 DOI:
10.1016/j.jhep.2010.01.035]

Kelley RK, Hwang J, Magbanua MJ, Watt L, Beumer JH,
Christner SM, Baruchel S, Wu B, Fong L, Yeh BM, Moore
AP, Ko AH, Korn WM, Rajpal S, Park JW, Tempero MA,
Venook AP, Bergsland EK. A phase 1 trial of imatinib, beva-
cizumab, and metronomic cyclophosphamide in advanced
colorectal cancer. Br | Cancer 2013; 109: 1725-1734 [PMID:
24022191 DOI: 10.1038/ bjc.2013.553]

Koumarianou A, Antoniou S, Kanakis G, Economopoulos
N, Rontogianni D, Ntavatzikos A, Tsavaris N, Pectasides
D, Dimitriadis G, Kaltsas G. Combination treatment with
metronomic temozolomide, bevacizumab and long-acting
octreotide for malignant neuroendocrine tumours. Endocr
Relat Cancer 2012; 19: L1-L4 [PMID: 22232542]

Schneider BP, Shen F, Miller KD. Pharmacogenetic bio-
markers for the prediction of response to antiangiogenic
treatment. Lancet Oncol 2012; 13: e427-e436 [PMID: 23026828]
Najafi M, Soltanian-Zadeh H, Jafari-Khouzani K, Scarpace L,
Mikkelsen T. Prediction of glioblastoma multiform response
to bevacizumab treatment using multi-parametric MRI.
PLo0S One 2012; 7: 29945 [PMID: 22253835]

Vroling L, Lind JS, de Haas RR, Verheul HM, van Hins-
bergh VW, Broxterman H]J, Smit EF. CD133+ circulating
haematopoietic progenitor cells predict for response to
sorafenib plus erlotinib in non-small cell lung cancer pa-
tients. Br | Cancer 2010; 102: 268-275 [PMID: 20010948 DOI:
10.1038/ sj.bjc.6605477]

Rossi L, Veltri E, Zullo A, Zoratto F, Colonna M, Longo F,
Mottolese M, Giannarelli D, Ruco L, Marchetti P, Romiti
A, Barucca V, Giannini G, Bianchi L, Tomao S. Metastatic
colorectal cancer first-line treatment with bevacizumab:
the impact of K-ras mutation. Onco Targets Ther 2013; 6:

November 20, 2014 | Volume 4 | Issue4 |



68

69

70

JRaishideng®

Digklia A et a/. VEGF pathway inhibitors and metronomic chemotherapy

1761-1769 [PMID: 24348051 DOI: 10.2147 /OTT.S43828]
Heng DY, Mackenzie M], Vaishampayan UN, Bjarnason
GA, Knox JJ, Tan MH, Wood L, Wang Y, Kollmannsberger
C, North S, Donskov F, Rini BI, Choueiri TK. Primary anti-
vascular endothelial growth factor (VEGF)-refractory meta-
static renal cell carcinoma: clinical characteristics, risk fac-
tors, and subsequent therapy. Ann Oncol 2012; 23: 1549-1555
[PMID: 22056973 DOIL: 10.1093/annonc/ mdr533]
Voutsadakis IA. Thrombocytosis as a prognostic marker in
gastrointestinal cancers. World | Gastrointest Oncol 2014; 6:
34-40 [PMID: 24567794 DOI: 10.4251/wjgo.v6.i2.34]

Stone RL, Nick AM, McNeish IA, Balkwill F, Han HD,
Bottsford-Miller ], Rupairmoole R, Armaiz-Pena GN, Pecot
CV, Coward J, Deavers MT, Vasquez HG, Urbauer D,
Landen CN, Hu W, Gershenson H, Matsuo K, Shahzad MM,
King ER, Tekedereli I, Ozpolat B, Ahn EH, Bond VK, Wang

WJEM | www.wjgnet.com

67

71

72

73

R, Drew AF, Gushiken F, Lamkin D, Collins K, DeGeest
K, Lutgendorf SK, Chiu W, Lopez-Berestein G, Afshar-
Kharghan V, Sood AK. Paraneoplastic thrombocytosis in
ovarian cancer. N Engl | Med 2012; 366: 610-618 [PMID:
22335738 DOI: 10.1056/ NEJMoa1110352]

Stravodimou A, Voutsadakis IA. Pretreatment thrombocy-
tosis as a prognostic factor in metastatic breast cancer. Int |
Breast Cancer 2013; 2013: 289563 [PMID: 23864954]
Todenhofer T, Renninger M, Schwentner C, Stenzl A, Gakis
G. A new prognostic model for cancer-specific survival after
redical cystectomy including pretreatment thrombocytosis
and standard pathological risk factors. Br | Urol Int 2012;
110: E533-E540

Gay LJ, Felding-Habermann B. Contribution of platelets to
tumour metastasis. Nat Rev Cancer 2011; 11: 123-134 [PMID:
21258396 DOI: 10.1038 /nrc3004]

P- Reviewer: Akbulut S, Korpanty G = S- Editor: Ji FF
L- Editor: A E- Editor: Lu Y]

November 20, 2014 | Volume 4 | Issue4 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2014 Baishideng Publishing Group Inc. All rights reserved.



