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Daily low-dose/continuous capecitabine combined with neo-adjuvant
irradiation reduces VEGF and PDGF-BB levels in rectal carcinoma
patients
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Abstract

Metronomic low-dose chemotherapy regimen was found to have an antiangiogenic effect in tumors. However, its effect on
levels of circulating pro-angiogenic and anti-angiogenic factors is not fully explored. Materials and methods. The levels of
both VEGF and PDGF-BB were measured in three time points, in the serum of 32 rectal carcinoma patients receiving daily
reduced-dose/continuous capecitabine in combination with preoperative pelvic irradiation. Results. We found a significant
decrease in VEGF and PDGF-BB serum levels during the combination treatment (p<0.0001), followed by an increase in
the successive rest-period (p<0.0001). In addition, substantial changes in platelets counts were observed during treatment
in correlation with the changes of VEGF and PDGF-BB serum levels. Discussion. These results suggest that combined
chemo-irradiation affect levels of pro-angiogenic factors during treatment, and may reflect an anti-angiogenic window
induced during this treatment. The potential implications of this inducible phenomenon, including a possible clinical
benefit from the administration of long lasting metronomic chemotherapy immediately following combined chemo-
irradiation, would warrant further investigation.

There is a growing body of evidence that lowering the
levels of circulating molecules of vascular endothelial
growth factor (VEGF) in cancer patients, can im-
prove results of chemotherapy. This has already been
demonstrated by studies with humanized monoclonal
antibodies to VEGF (Bevacizumab) in patients with
metastatic colorectal cancer [1], non small cell lung
cancer [2], and ovarian carcinoma [3].

This clinical experience would support the investi-
gation of any additional mechanism that can influence
the levels of circulating VEGF. Accordingly, there is
evidence from several reports, that the levels of
circulating molecules of VEGF in cancer patients
can indirectly be affected by conventionally applied
treatments. Chemotherapy has been reported to
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induce depletion of serum-VEGF (sVEGF) levels,
although this was significantly more evident in
patients who responded to treatment. This phenom-
enon has been proposed by several investigators as an
early predictor of response, probably reflecting re-
duction in tumor mass [4-6]. Radiotherapy also may
affect the levels of sVEGF. However, there is dis-
agreement between increased levels of sSVEGF follow-
ing exposure to ionizing radiation in an experimental
model [7], and reduced levels of both sVEGF and
sFGF-2 in a clinical study similarly conducted after
radiotherapy [8]. Combined chemo-irradiation, as
administered in the neo-adjuvant setting for various
cancer diseases, has produced conflicting effects on
sVEGTF levels. In a study on patients with esophageal
cancer, sSVEGF levels were unaffected by two cycles of
chemotherapy administered during weeks one and six
along the course of irradiation. Each cycle consisted
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on five sequential days of fluorouracil followed by
cisplatin on day seven [9]. In contrast, a study on
patients with head and neck squamous cell cancer
revealed that sVEGF levels decreased in direct cor-
relation with better outcome. In that study, 18/25
patients were treated with three cycles of chemother-
apy. Each cycle involved five days of continuous
infusion of paclitaxel, and was administered every
three weeks along the course of irradiation [10].

Platelet derived growth factor (PDGF) is another
growth factor with a central role to support tumor
vasculature. Accordingly, it has been shown in
experimental studies, that the simultaneous inhibi-
tion of signaling pathways of VEGF receptors (ex-
pressed on endothelial cells) [11] and of PDGF-B
receptors (expressed on pericytes) [12], was accom-
panied by greater effects against tumors, even in late-
stage disease [13]. However, up to date there is no
study about changes in levels of either sVEGF or
sPDGF-BB (the ligand activating PDGF-B recep-
tors), following concomitant treatment by daily/con-
tinuous chemotherapy and radiotherapy, in patients
with any cancer disease.

We therefore conducted this study to elucidate any
possible fluctuations in the levels of these two pro-
angiogenic growth factors in the serum, in a series of
patients with rectal carcinoma, first as a by-product
of neo-adjuvant treatment by irradiation combined
with daily reduced-dose/continuous capecitabine,
and later as a result of a rest-period with no
treatment, as usually allowed in clinical practice.

Materials and methods
Patients characteristics

Thirty two untreated patients with rectal adenocar-
cinoma were recruited in a single institution between
May 2003 and July 2004, after giving their informed
consent for participation in the present study which
was carried out with ethical committee approval.
This work is a correlative study, along a separate
clinical study that was conducted in that institute for
evaluating the effect of neo-adjuvant radiotherapy to
the pelvis combined with continuous oral che-
motherapy by capecitabine. The patients’ demo-
graphics, as well as their tumor characteristics, and
their clinical results of treatment, are detailed in a
separate paper [14]. Our study population included
those 32 of their 43 patients from whom we could
obtain all the programmed serum samples. The pre-
treatment clinical staging of our patients included
loco-regional disease only, with T5/T, rectal tumors
and various N categories (in 30/32), or T,N, tumors
located <5cm from the anal verge (in 2/32).
Radiotherapy was delivered to the posterior pelvis,

to a total dose of 45 Gy in 25 fractions over five
weeks, with an additional boost of 5.4 Gy in three
fractions limited to the tumor area.

Patients received capecitabine orally (825 mg/m2
twice daily) for five days a week, concomitantly with
radiotherapy. A rest-period took place thereafter,
with no further treatment until surgery.

Response to treatment was assessed by comparing
the post-treatment pathological stage to the pre-
treatment clinical stage, and the results were as
follows: Complete Response-30%; Microscopic Re-
sidual-12%; Partial Response-37% (defined as the
reduction of Tumor or Lymph Node stage or both);
No Response-21%.

Evaluarion of sVEGE, sPDGF-BB and blood cells

Blood samples were collected from each participant in
the study, at three predetermined time-points (T.P.s):
T.P.1.: before any treatment; T.P.2.: immediately by
the end of treatment (chemo-irradiation); T.P.3.:
following a median rest-period of five weeks (range
four to six weeks). Each blood sampling (12 milli-
liters) served for determining the levels of sVEGF and
sPDGF-BB (10 milliliters) and differential blood
counts (two milliliters). The first were collected in
serum separator tubes (SST) and allowed to clot for
30 minutes, followed by centrifugation at room
temperature for 15 minutes at 1000 g. The separated
serum was removed and divided in two separate
ependorfs and stored at —20°C. sVEGF and
sPDGF-BB levels were later determined by the
Enzyme-Linked immunosorbent assay (ELISA)
using Quantikine R&D system Kkits, following the
manufacturer’s instructions.

Results of both sVEGF and sPDGF-BB levels
were expressed as pg/ml, and calculated as mean
values +/— standard deviation (S.D.) (Table I).
Complete blood counts were analyzed in parallel to
each measurement of sVEGF and sPDGF-BB. The
consecutive mean (S.D.) counts of each cellular
component of blood were studied in correlation
with the corresponding consecutive mean (S.D.)
levels of each growth factor.

Statistical analysis

Statistical evaluations were conducted using the SPSS
statistical package. We used ANOVA with repeated
measures, and Bonferroni adjustment for multiple
comparisons, to compare the levels of the study
variables (sVEGF, sPDGF-BB and various cellular
components of blood) in three time-points in the
whole patients’ group. A comparison of the percen-
tage of decreases in levels of sSVEGF and sPDGF-BB
between four independent sub groups of patients, as
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Figure 2. Serum levels of PDGF-BB at three time-points: 1.
before chemo-irradiation; 2. at the end of chemo-irradiation; 3.
following a rest-period with no treatment; Value of mean is
indicated in the graph at each time point.

Counts of all cellular components of blood were
obtained at all three determined time-points from
27 of 32 patients receiving neo-adjuvant chemo-
irradiation. Only platelets (PLT) counts showed
significant change following treatment. The mean
PLT counts decreased from 318 x 10> (120 x 10%)
before treatment (T.P.1.) to 241 x 10? (66 x 10°) at
the end of treatment (T.P.2.), (p =0.05).

This drop in PLT counts during chemo-irradiation
was in accordance with the drop in levels of both
sVEGF and sPDGF-BB, although it was statistically
less significant (p =0.05 vs. p<0.0001). However,
during the subsequent rest-period, changes in PLT
counts were non-significant at all, as opposed to the
significant increment (p<0.0001) of both sVEGF
and sPDGF during the same period.

A separate analysis of the changes in levels of both
sVEGF and sPDGF-BB following chemo-irradiation
was performed in correlation with different types of
response to treatment. We found no significant
difference in the percentage of decrease in serum
levels between the corresponding subgroups of
patients, including complete responders compared
with non-responders at all (p =0.454 for sVEGF,
and p =0.531 for sSPDGF-BB).

Discussion

This study is the first to document consistent and
significant reduction of both VEGF and PDGF-BB
levels in the serum in patients receiving combined
treatment by chemo-irradiation. Furthermore, it
shows that this effect is transient in most participants
for both pro-angiogenic factors, as manifested by a
significant degree of reconstituted levels when these
were measured after a median rest-period of five
weeks (range four to six). We discovered similar
changes in the levels of both pro-angiogenic factors

in the serum, both following chemo-irradiation and
following a rest period. This may suggest an epi-
angiogenic phenomenon in response to combined
treatment by chemo-irradiation.

Although absolute values of circulating VEGF and
PDGF-BB are better determined by their measure-
ment in the plasma (rather than in the serum), there
is enough evidence that changes in the levels of
circulating VEGF and PDGF-BB can similarly be
determined in both serum and plasma [15]. There-
fore, our results of repeated measurements of VEGF
and PDGF-BB levels in the serum are valid and
reflect genuine changes during and after treatment,
which are also reported by other studies that tested
serum levels rather than plasma levels of various pro-
angiogenic factors [16].

We asked whether the almost unanimous drop in
sVEGTF levels following combined chemo-irradiation
(by more than 10% in 28/32 patients), reaching
high statistical significance for the whole group
(p <0.0001), was mainly induced by radiotherapy
or by the chemotherapy added to irradiation. In
order to answer that question we had to compare our
results with those from similar measurements in
subjects treated for rectal carcinoma by -either
irradiation to the pelvis without concomitant che-
motherapy or by metronomic chemotherapy alone.
However, all our rectal cancer patients were treated
by pelvic irradiation with concomitant chemotherapy
and we could not obtain an appropriate control
group. Also the available data in the literature is
insufficient for definitively answering that question,
since no report was found on changes in levels of
circulating VEGF (or PDGF-BB) in CRC patients
following isolated pelvic irradiation, or following
solely metronomic chemotherapy.

We found one study reporting that sVEGF levels
significantly decrease after anti-neoplastic radiother-
apy [8], apparently in agreement with the decrease
following combined chemo-irradiation in our series.
This agreement between results of the two studies,
would suggest that irradiation did play a role in the
decrease of sSVEGF levels. However, this does not
eliminate the possibility that continuous chemother-
apy also contributed to the most significant drop of
serum levels of both sVEGF and sPDGF-BB re-
corded in our study. In fact, the extent of diminution
of both factors following chemo-irradiation was
almost universal in our series, as opposed to its
dependency both on response and on the dose of
radiation, as found by the other investigators.

Although changes in pro-angiogenic factors may
be affected by changes in tumor mass in patients
responding to treatment, our results may suggest an
alternative explanation, since no correlation was
observed between the different types of response to
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chemo-radiation and the mostly uniform and sig-
nificant incidence and magnitude of decrease in the
levels of both growth factors in the serum. The
decrease was similar in the 42% patients with best
response (30% with complete response and 12%
with only microscopic residual), and in the
37% patients showing partial response, and in the
21% patients with no response at all: p =0.454 for
sVEGF, and p =0.531 for sPDGF-BB. Thus these
results may suggest, that the changes in levels of
sVEGF and sPDGF-BB are at least in part a
treatment related effect, and not only a tumor mass
effect in response to treatment.

The probability that daily low-dose/continuous
capecitabine did contribute to the reduction of
circulating levels of the pro-angiogenic factors is
supported by another study on low-dose and con-
tinuous (metronomic) chemotherapy, although that
study differed from ours with regards to both the
disease and the drugs under investigation, as it was
conducted on breast cancer patients treated by oral
cyclophosphamide and methotrexate [16]. That
study showed that sSVEGF levels progressively de-
creased in direct correlation with the length of
treatment persistence. In agreement with our study,
this occurred irrespectively of tumor response. The
absence of that correlation would imply that while
the suppression of pro-angiogenic factors by metro-
nomic chemotherapy treatment may contribute to
the induction of clinical benefit, it is not always
sufficient for achieving that degree of benefit.

Our findings regarding sSPDGF-BB, which were in
parallel with those regarding sVEGF, could not be
discussed in comparison with other studies, in view
of the lack of relevant data in the literature.

Another significant treatment-related change in the
serum-levels of the two pro-angiogenic factors was
demonstrated in our study, consistent in their incre-
ment during the four to six weeks of rest-period
following chemo-irradiation. This appeared to repre-
sent a process of “recovery” towards pre-treatment
levels, taking place as soon as chemo-irradiation was
stopped. We could find only two relevant studies in
the literature [9,10]; both were limited to sVEGF, and
their conclusions were in disagreement with ours.
However, we suggest that both of them might have
inadvertently missed the process of increment in
sVEGTF levels during that interval, because of their
different study design. In both of them, only one post-
treatment measurement of SVEGF was performed,
and this was done at non-uniform time-points, aimed
at evaluating post-treatment levels in comparison
with pre-treatment levels, without reference to
the time factor. We, on the other hand, performed
two measurements at the post-treatment period and
both were carried out at uniformly predetermined

time-points, thus discovering the significant incre-
ment that took place during the rest-period.

What could be the biological mechanism under-
lying the drop in levels of both sVEGF and
sPDGF-BB following combined daily reduced-dose
/continuous capecitabine and irradiation in our study,
as well as their increment following the discontinua-
tion of treatment? The repeated counting of all blood
cells at a uniform schedule of time-points, in parallel
with the measurements of the two growth factors,
revealed that the changes in their levels following
chemo-irradiation were in direct correlation with
changes in platelet (PLT) counts (Table I). This is
in line with the function of PLTs as transporters of
VEGF in the circulation [17] and with the high
content of both VEGF [18] and PDGF-BB [19]
within PLTs. Correspondingly, and supporting our
findings, a direct correlation has been demonstrated,
including in patients with colorectal cancer, between
number of PLTs and levels of VEGF in the serum
[20]. This correlation is supported also by an
observation made on a series of patients with breast
cancer [17], where the investigators noticed that after
an initial episode of thrombocytopenia, consequent to
chemotherapy with doxorubicin and cyclophospha-
mide at MTD schedule, there was a strong platelet
rebound that coincided closely with a serum VEGF
peak (p<0.01). However, in our study this correla-
tion was not absolute. We found that although the
reduction of sVEGF (and of sPDGF-BB) levels by
the end of chemo-irradiation (p<0.0001) did corre-
late with reduction of PLT counts (p =0.05), there
was no similarly significant increment of PLT counts
accompanying the increment in serum levels of the
growth factors during the subsequent rest-period.
This would suggest that although PLT counts may
have some role in the changes of sVEGF and sPDGF-
BB levels during and following our treatment by daily
low-dose/continuous capecitabine, that role is not yet
elucidated. In addition, the changes in PLT counts
would not represent the only plausible explanation for
the changing levels of sVEGF and sPDGF-BB. This is
implied from the study of Colleoni [16], who showed
that a significant reduction of sVEGF levels (p =
0.001) occurred in patients treated by continuous
low-dose oral cyclophosphamide and methotrexate
although this was not accompanied by changes in
platelet counts.

It has been shown in experimental studies that the
anti-tumor effect of metronomic chemotherapy is
accompanied by increment of the angiogenic inhi-
bitor TSP-1 both in the circulation [21] and in
the tumor tissue [22]. It may thus be possible that
up-regulation of TSP-1, is one of the anti-angiogenic
properties of metronomic chemotherapy. By the
same line, it may be possible that in our study the
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down-regulation of VEGF and PDGF-BB was either
a consequence of metronomic chemotherapy or a
new phenomenon which provides another explana-
tion for the anti-angiogenic property attributed to
metronomic chemotherapy.

In summary, we conclude that circulating levels of
both VEGF and PDGF-BB significantly decrease
during treatment by daily low-dose/continuous ca-
pecitabine combined with neo-adjuvant irradiation
in rectal carcinoma patients (p<0.0001), and sig-
nificantly increase during a successive rest-period
(p<0.0001). These findings, which are most prob-
ably induced by treatment procedures, may repre-
sent a so far disregarded anti-angiogenic window.
Their potential implications, including a possible
benefit from the administration of long lasting
metronomic chemotherapy immediately following
treatment by combined chemo-irradiation, would
warrant further investigation.
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