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Improving Conventional or Low Dose Metronomic
Chemotherapy with Targeted Antiangiogenic Drugs

Robert S. Kerbel, Ph.D.

Sunnybrook Research Institute, Sunnybrook Health Sciences Centre and the University of Toronto, Toronto, Canada

One of the most significant developments in medical
oncology practice has been the approval of various anti-
angiogenic drugs for the treatment of a number of differ-
ent malignancies. These drugs include bevacizumab
(Avastin®), the anti-VEGF monoclonal antibody. Thus
far, bevacizumab appears to induce clinical benefit in pa-
tients who have advanced metastatic disease only or pri-
marily when it is combined with conventional chemothe -
rapy. The reasons for the chemo-enhancing effects of
bevacizumab are unknown, and this is a subject that we
have been actively studying along with additional ways
that antiangiogenic drugs may be combined with
chemotherapy. In this respect, we have focused much of
our effort on metronomic low dose chemotherapy. We
have been studying the hypothesis that some chemo-
therapy drugs at maximum tolerated doses or other cyto-
toxic-like drugs such as acute "vascular disrupting
agents" (VDAs) can cause an acute mobilization of pro-
angiogenic cells from the bone marrow which home to
and colonize the treated tumors, thus accelerating their
recovery. These cells include endothelial progenitor cells.
This systemic process can be largely blocked by a tar-
geted antiangiogenic drug, e.g. anti-VEGFR-2 antibodies.
In addition, metronomic chemotherapy, i.e., close regular
administration of chemotherapy drugs at low non-toxic
doses with no breaks, over prolonged periods of time not

INTRODUCTION

A recent major breakthrough in medical oncology has been
the demonstration of efficacy in randomized phase III clinical
trials of antiangiogenic drugs, in particular bevacizumab
(Avastin(‘R”), the ’targeted’ anti-VEGF monoclonal antibody,
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only prevents the acute CEP bone marrow response, but
can even target the cells. This potential antiangiogenic ef-
fect of metronomic chemotherapy can also be boosted by
combination with a targeted antiangiogenic agent. Treat-
ment combinations of metronomic chemotherapy and an
antiangiogenic drug have moved into phase Il clinical trial
testing with particularly encouraging results thus far re-
ported in metastatic breast and recurrent ovarian cancer.
Oral chemotherapy drugs such as cyclophosphamide
(CTX), methotrexate are the main chemotherapeutics
used for such trials. Oral 5-FU prodrugs such as UFT
would also appear to be highly suitable based on long
term adjuvant therapy studies in patients. Recent pre-
clinical results using metronomic cyclophosphamide and
metronomic UFT in models of advanced metastatic
breast cancer suggest that this type of combination might
be particularly promising for metronomic chemotherapy in
this indication, particularly when combined with a tar-
geted antiangiogenic drug. (Cancer Res Treat. 2007;39:
150-159)
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when combined with standard chemotherapy. Such trials have
shown clinical benefit (in progression free survival or overall
survival) in advanced colorectal cancer, advanced non small
cell lung cancer, as well as for response rate and progression
free survival in metastatic breast cancer (1). How a “tumor
starving” drug such as bevacizumab enhances the efficacy of
conventional chemotherapy remains something of a mystery
although there are a number of different theories currently
being studied (1,2). Also interesting is that chemotherapy itself
may have effects on tumor angiogenesis (3,4) either by target-
ing dividing endothelial cells present in the tumor’s growing
neovasculature (a local antiangiogenic effect), or by mobilizing
bone marrow derived proangiogenic cells such as circulating
endothelial progenitor cells (CEPs) - a systemic and potentially
proangiogenic effect (3). However, it appears that an overall
significant antiangiogenic effect is obtained when chemotherapy
is administered in a so-called “metronomic” fashion (3), the
extent of which can be amplified by concurrent combination
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with an antiangiogenic drug such as VEGF or VEGF receptor
targeting antibodies.

METRONOMIC CHEMOTHERAPY

Metronomic chemotherapy refers to the close, regular ad-
ministration of a chemotherapeutic drug at relatively low
(non-toxic) doses, over prolonged periods, with no extended
drug-free break periods (5). As such it can be viewed as a form
of “dose dense” chemotherapy but differs from most forms of
the latter in several ways (3). First, it is not necessarily “dose
intense” where the goal remains to deliver greater cumulative
levels of drug, at shortened intervals, e.g. once every two weeks
instead of once every three weeks. Second, because metronomic
regimens are much less toxic, they do not usually require
hematopoietic growth factor support (e.g. using recombinant
G-CSF), or other supportive care measures (6,7). Metronomic
chemotherapy can thus be viewed as a form of long term
‘maintenance’ chemotherapy that can be used on its own (3,5),
or perhaps more importantly, combined over long periods of
time with biologic targeted therapies, especially antiangiogenic
drugs such as anti-VEGFR-2 antibodies (8) or small molecule
multi-targeted VEGFR-2 antagonist receptor tyrosine kinase
inhibitors (9) and possibly other drugs or therapies such as
trastuzumab (Herceptin“R") (10), tumor vaccines (11), or even
aromatase inhibitors such as letrozole (12). It can also be
integrated and sequenced with standard MTD type chemo-
therapy where brief courses of such induction therapy, given
‘upfront’, is followed by long term maintenance/metronomic
low-dose chemotherapy (sometimes called “chemo-switching”)
(9) combined with a concurrent targeted therapy (8,9). Among
the advantages of metronomic chemotherapy include reduced
acute toxicities such as high grade myelosuppression, vomiting,
nausea, mucositis, etc. (6,7), sometimes surprisingly good
anti-tumor activity (based mostly on preclinical studies so far),
even when used to treat drug resistant tumors (5), reduced costs
when using off patent chemotherapeutic drugs (13), and
increased convenience when using oral drugs which can be
taken at home (3,6). These potential advantages could be useful
for long term adjuvant therapy of early stage cancers. Long
term daily oral administration of a drug such as UFT (an oral
5-FU prodrug) for 2 years with no breaks might be viewed as
an example, in retrospect, of metronomic chemotherapy (14).
This current major disadvantage of translating metronomic
chemotherapy into the clinic is the empiricism associated with
determining the optimal biologic dose (OBD).

CHEMOTHERAPY CAN AFFECT
TUMOR ANGIOGENESIS, BOTH
NEGATIVELY AND POSITIVELY

There is growing interest in the idea that chemotherapy drugs
can inhibit tumor angiogenesis, and that this ’side effect’ of
chemotherapy may contribute to its anti-tumor activity, in
addition to direct cytotoxic effects on tumor cells. The basis
for the hypothesis that chemotherapy can target tumor angio-
genesis originally stemmed from the observation that a hall-

mark of angiogenesis is the presence of dividing endothelial
cells in sprouting blood vessel capillaries (15,16). Such cells
should be sensitive to most chemotherapy drugs which are
designed to preferentially target cycling cells (4,17). Indeed
there is evidence that most known chemotherapy drugs can
suppress angiogenesis using a variety of commonly used in
vivo assays (4). Indeed if a chemotherapy drug such as
cyclophosphamide is given in cycles of maximum tolerated
dose (MTD) therapy separated by long drug -free intervals (to
allow recovery from some of the toxic effects of such therapy
such as myelosuppression) to tumor-bearing mice, there is
evidence of rapidly-induced endothelial cell apoptosis in the
tumor’s vasculature. But this does not necessarily lead to the
expected antiangiogenic effect. The reason is that this damage
to the tumor endothelium can be largely and rapidly reversed
during the extended drug free break periods (5), perhaps by a
massive hemopoiesis-like mobilization (‘rebound’) of circula-
ting endothelial progenitor cells (CEPs) from the bone marrow
(18) (Fig. 1) which could conceivably then home to the damaged
tumor endothelium and set about repairing the damage (CEPs
are discussed in more detail in the next section). Thus shorte-
ning the break periods is critical to ensuring the repair process
is prevented or minimized (5). This in turn requires relatively
low doses of drug to be used for each drug treatment (5). These
results may also help explain why, in some cases, an anti-
angiogenic drug such as bevacizumab increases the efficacy of
standard maximum tolerated dose chemotherapy: the acute
systemic CEP rebound occurring during the break periods,
which is also observed clinically (19), would presumably be
suppressed or blocked, thus preventing a potential ‘reactive’
pro-tumor angiogenic response (2). Another mechanism, put
forward by Hudis (20) is that the local tumor cell
repopulation/rebound that occurs after MTD chemotherapy
would be presumably slowed by the presence of an
antiangiogenic agent, since repopulating tumor cells would
require optimal oxygen and nutrients supplied by the tumor
vasculature for optimal (re)growth. Thus blocking angiogenesis
would be expected to increase progression free and/or overall
survival times in such circumstances. In summary, MTD
chemotherapy can have an initial local (i.e., intra-tumoral)
antiangiogenic effect but this is quickly followed by a reactive
and potentially proangiogenic (CEP) systemic effect which may
negate the initial antiangiogenic local effect. However, the latter
proangiogenic effect can be blocked by use of an anti-
angiogenic drug such as bevacizumab along with MTD chemo-
therapy; overall maximal and sustained inhibition of tumor
angiogenesis can be achieved by using metronomic chemo-
therapy regimens combined with a targeted antiangiogenic drug.

IMPACT OF ENDOTHELIAL
PROGENITOR CELLS

The aforementioned results highlight the possible impact that
bone marrow-derived circulating progenitor cells might have a
significant impact on response to chemotherapy and/or antian-
giogenic drugs. As such the concept of CEPs deserve special
mention.

Until 1997, it was generally accepted that all new endothelial
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Fig. 1. Differential effects of maximum tolerated dose cyclophosphamide (MTD CTX) versus metronomic low dose chemotherapy on
tumor growth (upper panel) or levels of circulating endothelial progenitor cells (CEPs) in peripheral blood of mice (bottom panel).
NOD-SCID mice were injected with a human (Granta) lymphoma cells, subcutaneously, and established tumors were then treated with
three different forms of CTX, or left untreated. MTD CTX was given in successive 6-day cycles where the drug was injected at 150
mg/kg every other day (shorter vertical arrows) separated by 2-week break periods. The metronomic regimens consisted of either daily
continuous administration through the drinking water at an approximate dose of 20 mg/kg per day or weekly intraperitoneal/bolus injections
of the drug of 150 mg/kg. Note the far greater anti-tumor efficacy of the two metronomic regimens compared to the conventional and
more toxic MTD regimen. The bottom panel illustrates the observation of increasing levels of CEPs in untreated tumor bearing mice
with progressive increase in tumor volume. However, when tumor bearing mice are treated with a course of MTD CTX there is an initial
decline in CEPs which is then followed by a marked rebound during the drug-free break periods. In contrast, the two different metronomic
regimens caused a sustained suppression of CEPs throughout the course of therapy. Taken from Bertolini et al (18) and reproduced with

permission of the authors.

cells in a sprouting (angiogenic) vessel capillary were derived
from the division of pre-existing differentiated endothelial cells.
However, Isner and colleagues that year reported results
showing that up to 20% of the endothelial cells in such vessels
were derived from circulating bone marrow cells (21). The
methodology used to arrive at such a startling figure was the
use of lethally irradiated mice transplanted with syngeneic bone
marrow cells which expressed a marker that could distinguish
between host and donor bone marrow cell populations, e.g. -
galactosidase (lacZ). A similar methodology has been employed
using bone marrow cells transfected with the gene encoding
green fluorescent protein (GFP). Such bone marrow chimeric
mice are then used as recipients for a tumor transplant, and the
tumor associated blood vessels of such tumors carefully
examined for the presence of the donor bone marrow derived
cell populations within the tumor vasculature using appropriate
microscopy techniques which, if properly done, can be used to
detect luminally incorporated endothelial cells (derived from the
donor bone marrow population). Over the ensuing 10 years
many studies have been published utilizing these and similar
techniques; the results of such studies have been quite variable
in terms of the percentages of bone marrow derived cells
incorporated into the lumens of growing tumor-associated blood
vessels (22,23). Most studies show much lower percentages
than originally reported by Isner and colleagues (e.g. 1~5%)
although there are some conspicuous exceptions (where the
numbers can be even higher, e.g. 50%) (24,25). This has raised
doubts about the impact and relevance of CEPs to tumor
angiogenesis (22,23). However, all these studies involved
analysis of untreated tumors. As discussed above, the situation

might change suddenly and dramatically after therapeutic inter-
vention using certain drugs such as MTD cyclophosphamide
which have the ability to cause an acute and massive mobili-
zation of bone marrow derived endothelial progenitor cells, as
reported previously (18) and illustrated in Fig. 1.

We hypothesized that such acutely mobilized CEPs might
subsequently home to drug treated tumors in large numbers and
then facilitate tumor repopulation, primarily by amplifying
tumor angiogenesis. Indeed, evidence consistent with this hypo-
thesis was reported using a type of vascular targeting drug
known as VDAs - “vascular disrupting agents” (26). These
drugs, which are mostly microtubule inhibitors, can cause an
acute drop in tumor blood flow subsequent to targeting and
destroying the established tumor vasculature and thus causing
massive intra-tumoral hypoxia and tumor cell necrosis (27).
However, a viable rim of tumor tissue almost always remains
following VDA therapy from which rapid tumor regrowth
ensues. We recently reported a massive invasion and coloni-
zation of tumors by bone marrow derived CEPs is induced by
VDA therapy (Fig. 2). These cells colonize the viable tumor
rim remaining after VDA therapy and moreover contribute to
regrowth of the tumors (26), a process that can be blocked by
combination treatment using an antiangiogenic drug, e.g. a
VEGFR-2 neutralizing monoclonal antibody (DC101), along
with the VDA (Fig. 2). More recently, we have observed similar
results using a variety of chemotherapy drugs, ie., acute
induction of CEPs which home to the chemotherapy drug
treated tumors within a matter of hours to days after a single
injection of certain chemotherapy drugs (Shaked et al., un-
published observation). These studies were undertaken after
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CONTROL

DC101 and OXI-4503

Fig. 2. Acute homing of bone marrow derived circulating cells (including endothelial progenitor cells) to tumors shortly after tumor bearing
mice are treated with a single injection of a vascular disrupting agent (VDA) called OXi-4503. Lewis Lung carcinoma cells were grown
in syngeneic C57/Bl6 mice that had previously been lethally irradiated and reconstituted with syngeneic GFP-positive bone marrow cells.
Note low levels of GFP-positive cells in tumors from untreated (control) or DC101 treated mice. However, 72 hours after OXi-4503
treatment a pronounced GFP cell colonization is evident, a process which can be prevented by prior treatment with DC101, an anti-VEGFR-2
monoclonal neutralizing antibody. The CEP homing phenomenon was shown to contribute to tumor angiogenesis and tumor growth at
the viable tumor rim which characteristically remains after VDA treatment. Taken from Shaked et al (26) with permission of the authors.
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another series of experiments were completed that were designed
to determine whether CEPs could be used as a surrogate
biomarker for angiogenesis and hence antiangiogenic drug
therapy. This was indeed found to be the case based on both
pharmacologic and genetic experiments (26). Thus we were
able to show that measurement of CEPs in the peripheral blood
of mice could help determine the OBD range for targeted
biologic antiangiogenic drugs such as DC101 (22).
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Fig. 3. Using circulating endothelial progenitor cells (CEPs) in
peripheral blood as a surrogate biomarker for establishing the
optimal biologic dose (OBD) for metronomic chemotherapy. Tumor
bearing mice were treated with cyclophosphamide (CTX) daily for
a week, or vinorelbine (Vbn) or vinblastine (Vbl) twice a week
by intraperitoneal injection at the indicated doses and then viable
CEPs assessed in peripheral blood samples by four color flow
cytometry. In addition, anti-tumor effects and host toxicity (e.g.
loss of body weight) were assessed in separate experiments, and
correlated with the CEP results. The OBDs for the three drugs are
highlighted in boxes, e.g. 20 mg/kg/day for CTX, 9 mg/kg/dose
for Vbn and 0.33 mg/kg/dose for Vbl, which coincide with the
nadir of CEPs detected and maximal anti-tumor activity along with
acceptable or no toxicity. All tumors tested were of human origin,
and were described in Shaked et al (29). Significant differences from
control are present by *p>0.05, 0.05 >p>0.01 and Tp<0.01.

THE NEED FOR BIOMARKERS TO DETERMINE
THE OPTIMAL BIOLOGIC DOSE FOR
METRONOMIC CHEMOTHERAPY

With respect to clinical application, there is at least one
significant disadvantage to metronomic chemotherapy as
mentioned above: the empiricism associated with determining
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the optimal ‘low’ dose, i.e., the optimal biologic (therapeutic)
dose (OBD). Because the predominant mechanism for metro-
nomic chemotherapy is thought to be antiangiogenesis (3,5,8)
(although other additional mechanisms may be involved as
well, such stimulation of the host immune system (28), as a
result of targeting both dividing endothelial cells in the tumor’s
growing vasculature (5) and CEPs (18), we investigated whe-
ther these cells could be used as a surrogate marker in mice

for determining the OBD for various metronomic chemotherapy
regimens (29). The results, an example of which is shown in
Fig. 3, showed CEPs can indeed be used successfully for such
a purpose in mice (22,29-31). Thus, we can reduce the level
of empiricism (at least in mice) when testing metronomic
chemotherapy regimens, with respect to determining the OBD.

Whether CEPs can be used as a similarly reliable pharmaco-
dynamic surrogate marker in the clinical setting is problematic
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Fig. 4. Procedure used for selecting the highly metastatic MDA-MB-231 human breast cancer variant, 231/LM2-4. MDA-MB-231 cells
were injected into the mammary fat pads (MFPs) of SB-17 SCID mice, i.e., orthotopically injected. The 231/LM2-4 variant was obtained
subsequent to two rounds of lung metastasis selection in mice, after surgical removal of the primary orthotopically transplanted tumor,
as explained in detail in the text and outlined in the diagram. Primary tumors were removed when volumes reached approximately 400
mm’. Six weeks later mice were sacrificed and examined for the presence of macrometastases in the lungs, liver, lymph nodes and MFPs.
Blue arrows indicate typical location of metastatic lesions. The sequence for the selection strategy was as follows: i) 2x10° MDA-MB
231 cells were injected into the MFP of adult 6~8 week old female CB17 SCID mice; ii) four weeks later the primary tumor was resected
fully by surgery when the tumor volumes were 300~ 500 mm’; iii) at monthly intervals, groups of mice were sacrificed and checked
for presence of metastases in the lungs and full blown diffuse metastatic spread was observed in the mice after 4 months; iv) the whole
set of lungs from one mouse were adapted to tissue culture and grown for 3 passages to derive a line referred to as 231/LM1; v) 2X106
231/LM1 cells were injected into the MFP of adult 6~8 week old female CB17 SCID mice; vi) approximately 3 weeks later the primary
tumor was resected when the tumor volume was 300~ 500 mm3; vii) again, at monthly intervals, groups of mice were sacrificed and
checked for metastases in the lungs; 2 months after resection of the primary tumor, mice were observed to have numerous macroscopic
lung nodules with some spilling into the pleural cavity; viii) several individual lung nodules were isolated and adapted to tissue culture
to derive established lines, one of which 231/LM2-4, was selected for in vivo studies. Overall, this selection procedure took almost nine
months to complete. Genotypic analysis of MDA-MB-231 and the 231/LM2-4 variant verified their human origin and lineage relationship
(data not shown). Surgical resection of primary tumors was carried out by skin incision and carefully clearing all tumor tissue away from
surrounding connective tissue. Weekly weight assessment was used as a surrogate marker for toxicity. The mice were sacrificed when
tumor sizes reached 1.7 cm’. The bottom panel shows a photograph of the pattern of metastatic spread that can be attained within one
month using the LM2.4 variant after surgical excision of the primary tumor. Taken from Munoz et al (31) with permission of the authors.



Robert S. Kerbel : Antiangiogenic Drug Enhancement of Chemotherapy 155

given their lower levels in humans compared to mice (23).
However, evidence has been obtained recently showing that
circulating endothelial cells (CECs) which are apoptotic may
be a potentially useful biomarker for metronomic chemotherapy
biologic activity (32). Preclinical studies suggest that the likely
source of such cells is the tumor vasculature since increases
in apoptotic CECs are not detected when normal mice are
treated with metronomic chemotherapy (32). However, there is
no evidence to show that such cells can be used to help
establish the OBD for metronomic chemotherapy in mice or
human.

TREATMENT OF ADVANCED HIGH VOLUME
METASTATIC DISEASE BY METRONOMIC
CHEMOTHERAPY

An example of the benefits of reducing the empiricism of
metronomic chemotherapy using CEPs to help establish the
OBD can be seen from preclinical experiments determining the
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Fig. 5. Chronic combination oral metronomic low-dose CTX and
UFT prolongs survival of mice with advanced metastatic disease.
231/LM2-4 human breast metastatic variant cells were orthoto-
pically injected into the MFPs of 6~8 week old CB17 SCID mice.
When tumors reached volumes of approximately 200 mm’, treat-
ment with either vehicle control, or 15 mg/kg/day UFT by gavage,
or 20 mg/kg/day CTX through the drinking water, or a combina-
tion of CTX and UFT treatments was initiated. Tumors were
measured weekly and tumor volume was plotted accordingly.
Arrow indicates time of initiation of treatment. When tumors
reached 400 mm’ (which took approximately 3 weeks) primary
tumors were surgically removed. Treatment with vehicle control,
15 mg/kg/day UFT by gavage, 20 mg/kg/day CTX through the
drinking water, or the daily combination of metronomic UFT and
CTX, were initiated 3 weeks after surgery on a daily non-stop
basis. For example, the duration of the therapy was 140 days, and
was initiated on day 43, 3 weeks after surgery, with termination
at day 183. Mice were monitored frequently according to the
institutional guidelines. A Kaplan-Meier survival curve was plotted
accordingly for all treated group, as indicated in the figure. n=7~9
mice/group. Taken from Munoz et al (31) with permission of the
authors.

anti-tumor effects of single versus two chemotherapeutic drug
combinations, administered in a metronomic fashion, i.e., daily
(by oral delivery) in a model of advanced high volume (end
stage) visceral metastatic disease of human breast cancer
xenografts where therapy was initiated at terminal stages of
disease (31). One drug was cyclophosphamide administered at
20 mg/kg/day - the OBD determined by effects on CEPs,
administered through the drinking water (33). The other drug
used was UFT administered by gavage every day for 140 days
(with or without cyclophosphamide) at the determined OBD,
namely, 15 mg/kg (31).

The rationale for undertaking these studies was as follows.
First, it is often the case that doublet combinations of chemo-
therapy, when administering such drugs in an MTD fashion, is
superior to mono-chemotherapy in the clinical setting. Second,
it is rare for preclinical investigators to undertake studies
involving therapy of advanced metastatic disease despite the
fact that most phase I and phase II clinical trials involve
treatment of such patients. It is well known that it is usually
much more difficult to treat advanced metastatic disease, as
compared to earlier stage microscopic metastatic disease or
primary tumors (34,35). Consequently, this may be a major
source for the discrepancy that is often observed between
preclinical studies testing various therapies for anti-tumor
activity in mice to what is subsequently observed when similar
drugs/therapies are tested in cancer patients (34,35). The usual
trend is that highly encouraging results in mice are not repro-
duced in the clinical setting. We reasoned that this discrepancy
might be partially resolved by undertaking studies of advanced
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Fig. 6. Effect of metronomic cyclophosphamide (CTX) or metro-
nomic UFT, or the two drugs together on the growth of orthoto-
pically implanted MDA-MB-231 LM2.4 human breast cancer
carcinoma. Treatment was started when tumors in the mammary
fat pad attained a size of about 200 mm’ and was maintained until
mice had to be sacrificed. The doses and schedules used are as
for Fig. 5. NS: normal saline, Veh: vehicle control for UFT. Note
lack of effect of UFT alone on primary tumor volumes or when
added to metronomic CTX. However, metronomic UFT was found
to have a potent local anti-invasive effect on the primary tumors
and also inhibited development of microscopic metastases as
described by Munoz et al (31). Taken from Munoz et al (31) with
permission of the authors.
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Table 1. Results of clinical trials or studies evaluating metronomic chemotherapy

Study or trial

Main details

Results

Reference

Randomized phase II trial

of letrozole and low dose
cyclophosphamide in elderly
breast cancer patients

Non randomized trial in
pretreated metastatic breast
cancer patients using daily
low dose (50 mg) cyclophos-
phamide and low dose
methotrexate 2 days/week

Randomized phase II trial
of metronomic cyclophos-
phamide and methotrexate
plus or minus thalidomide
in metastatic breast cancer
patients

Pilot study of 3 drugs,
pioglitazone, refecoxib, and
metronomic trofosfamide in
patients with advanced
malignant vascular tumors

Pilot study of metronomic
temozolomide for recurrent
temozolomide-refractory
glioblastoma

Phase II non-randomized
clinical trial of pioglitazone,
rofecoxib and metronomic
low dose daily oral trofos-
famide for highly advanced
malignant melanoma and
soft tissue sarcoma

Non-randomized phase II trial
In relapsed, or refractory non-
Hodgkins lymphoma with daily
oral celecoxib, with no breaks
plus cyclophosphamide

Phase II trial of oral low dose
cyclophosphamide, weekly
vinblastine and rofecoxib in
patients with advanced solid
tumors

57 patients received letrozole
and 57 letrozole plus
metronomic cyclophosphamide

64 patients treated (63
evaluable); most (51) patients
had progressive disease at
entry

171 evaluable patients
enrolled in trial

6 patients treated
(5 angiosarcomas and
1 hemangioendothelioma)

12 patients treated with
continuous daily dose of
oral drug at 40 mg/m2

40 patients evaluated using
daily oral pioglitazone, daily
oral rofecoxib and
sequentially added oral
trofosfamide, 50 mg three
times daily

32 of 35 patients evaluable;
cyclophosphamide used at
50 mg/day and celecoxib at
400 m twice/day

50 patients treated, 43 of
whom at least one prior
chemotherapy regimen;
half of the patients also
received minocycline as an
antiangiogenic agent; 47
patients evaluable

Both arms were active with

response rate of 87.7% in
combination treatment and
71.9% in letrozole arm

Two complete responders (CR),

10 partial responders detected.
Overall clinical benefit,
including stable disease of over
6 months was 31.7%. Adverse
toxic events mild, e.g. grade 2
or more leucopenia observed
in only 13 patients

Results confirm role for
metronomic chemotherapy in
breast cancer; very high
clinical benefit rates (41.5%)
observed with minimal toxicity;
addition of thalidomide did not
improve results of the
metronomic chemotherapy
regimen

2 complete responders, 1
partial responder and 3
patients achieved disease
stabilization

Partial responses observed in
2 patients and stable disease
in 5; no complete responses;
no grade III/IV toxicity observed

Complete response in 1
melanoma patient and 3
sarcoma patients; stable
disease > 6 months observed
in 11% of melanoma patients
and 14% of sarcoma patients;
no grade III/IV toxicities
observed

Overall response rate 37%
including 2 complete responders
and 9 partial responders with
22% patients achieving stable
disease

2 complete responders, and 4
partial responders, and 8

patients with stable disease

noted giving 30% clinical benefit;
minimal toxicity noted

Bottini et al (12)

Colleoni et al (6)

Orlando et al (40)

Vogt et al (41)

Kong et al (42)

Reichle et al (43)

Buckstein et al (44)

Young et al (45)
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Table 1. Continued

Study or trial Main details

Results Reference

Phase II trial of erbB-2
positive metastatic breast
cancer

22 patients, all pretreated

with trastuzumab and other
cytotoxic chemotherapy drugs

Overall clinical benefit (CR+
PR+SD) of 46% in patients
overall and 27% in trastuzumab
resistant patients; overall
toxicity generally very mild

Orlando et al (40)

metastatic cancer in mice and moreover, there might be occa-
sional exceptions to the rule that advanced metastatic disease
is much less responsive, or resistant altogether, to a particular
anti-cancer therapy. Discovery of such exceptions could be
followed by their assessment in the clinical setting, with a great
degree of confidence that significant anti-tumor activity might
be observed.

With this aforementioned rationale in mind, it was encoura-
ging that we observed truly remarkable long-term survival
effects when the combination treatment of metronomic UFT
plus metronomic cyclophosphamide was used, in comparison to
either drug treatment alone (31) (Fig. 4, 5). The combination
of a 5-FU prodrug, e.g. capecitabine and metronomic cyclopho-
sphamide has now advanced to clinical trial testing in the
setting of metastatic breast cancer where this combination is
being used in combination with bevacizumab in an ongoing
phase II clinical trial being undertaken in Milan, Italy at the
European Institute of Oncology (36).

Also of considerable interest with respect to our UFT plus
cyclophosphamide preclinical results was the observation that
the combination treatment did not have a compelling anti-tumor
effect when used to treat primary localized tumors using the
same tumor cell lines, transplanted into the mammary fat pad.
Indeed the UFT treatment alone did not seem to have any effect
in this setting, did not enhance the anti-tumor effect of
metronomic cyclophosphamide (Fig. 6). However, subsequent
careful analysis revealed that the UFT treatment did have an
effect on inhibiting local invasion of the primary tumors as well
as inhibiting distant microscopic metastases (31). Thus two
important implications emerge from these results. First, lack of
response of primary tumors - as measured only by tumor
volume changes - may mask other anti-tumor effects that are
more subtle, yet biologically important. Second, there may be
situations, surprisingly, where high volume metastases may
respond better to a particular therapy compared to control
primary tumors.

Because of these findings we have embarked on a major
program developing models of advanced metastatic cancer in
mice, using human tumor cell lines, that are then used for
therapy studies.

CLINICAL TRIALS OF METRONOMIC
CHEMOTHERAPY

Metronomic chemotherapy regimens have moved into phase
IT clinical trial testing both in the adjuvant and metastatic
settings where they are often combined with a targeted
antiangiogenic drug such as bevacizumab (Avastin"), or ano-

ther targeted agent that likely has some antiangiogenic activity,
e.g. the COX-2 inhibitor, celecoxib (Celebrex) (37) or other
agents such as letrozole (12) (Table 1). Some interim results
of phase II metronomic chemotherapy clinical trials using
bevacizumab and daily low dose oral cyclophosphamide in
metastatic breast cancer or advanced, recurrent ovarian cancer
look extremely promising (38). Ongoing, planned or recently
completed (6,39) phase II clinical trials of metronomic chemo-
therapy, especially those combined with an agent such as
bevacizumab should indicate whether or not this treatment
strategy has promise in the treatment of metastatic and/or early
stage human cancer.
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